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ɉɪɟɞɫɬɚɜɥɟɧɵ ɬɟɧɞɟɧɰɢɢ ɪɚɡɜɢɬɢɹ ɥɢɬɟɣɧɵɯ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɫ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦ-

ɩɟɪɚɬɭɪɨɣ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɢ ɨɝɧɟɫɬɨɣɤɨɫɬɶɸ. ɉɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɦɢɪɨɜɵɟ ɤɨɦɩɚɧɢɢ ɢ 
ɢɧɫɬɢɬɭɬɵ – ɪɚɡɪɚɛɨɬɱɢɤɢ ɥɢɬɟɣɧɵɯ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɨɜ. Ɋɚɫɫɦɨɬɪɟɧɵ ɪɚɡɪɚɛɨɬɚɧɧɵɟ 
ɫɩɥɚɜɵ ɫ ɭɤɚɡɚɧɢɟɦ ɢɯ ɯɢɦɢɱɟɫɤɢɯ ɫɨɫɬɚɜɨɜ, ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢ ɤɨɦɧɚɬ-
ɧɨɣ ɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ, ɚ ɬɚɤɠɟ ɨɛɥɚɫɬɢ ɩɪɢɦɟ-
ɧɟɧɢɹ ɜ ɢɡɞɟɥɢɹɯ ɢ ɤɨɧɫɬɪɭɤɰɢɹɯ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ 
ɪɚɡɪɚɛɨɬɤɢ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɫ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɩɨɡɜɨɥɹɸɬ 
ɪɚɫɲɢɪɢɬɶ ɫɮɟɪɭ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 

Ключевые слова: ɨɛɡɨɪ, ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɫɩɥɚɦɟɧɟɧɢɹ, ɨɝɧɟɫɬɨɣɤɨɫɬɶ, ɠɚɪɨɩɪɨɱ-
ɧɨɫɬɶ, ɦɚɝɧɢɟɜɵɟ ɫɩɥɚɜɵ, ɥɟɝɢɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ. 

 
A.A. Leonov1, N.V. Trofimov1, V.A. Duyunova1, Z.P. Uridiya1 
 
TRENDS  IN  THE  DEVELOPMENT   
OF  CAST  MAGNESIUM  ALLOYS  WITH   
AN  INCREASED  IGNITION  TEMPERATURE (review) 
 

Trends in the development of cast magnesium alloys with increased temperature, ignition 
and fire resistance are presented. The main world companies and institutions - developers of 
casting magnesium alloys are presented. The developed alloys are considered, indicating their 
chemical characteristics, mechanical characteristics at high and high temperatures and corrosion 
resistance, as well as the use of materials and design aspects of industry. The presented magnesi-
um alloys with an increased ignition temperature allow expanding the scope of their use. 

Keywords: overview, ignition temperature, fire resistance, thermal stability, magnesium  
alloys, alloying elements. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
State Unitary Enterprise «AХХ-Russian Scientific Research Institute of Aviation MaЭОrТКХs» State Research 
Center of the Russian Federation]; e-mail: admin@viam.ru 

 
ȼɜɟɞɟɧɢɟ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɫɬɪɚɧɚɯ ȿɜɪɨɩɟɣɫɤɨɝɨ ɫɨɸɡɚ ɢ ɋɒȺ ɩɪɢɡɧɚɧɨ 
ɷɤɨɧɨɦɢɱɟɫɤɢ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɜɵɝɨɞɧɵɦ ɪɚɫɲɢɪɟɧɢɟ ɩɪɢɦɟɧɟɧɢɹ ɩɨɠɚɪɨɛɟɡɨɩɚɫɧɵɯ 
ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ɚɜɢɚɰɢɨɧɧɵɯ 
ɢɡɞɟɥɢɣ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɨɧɢ ɩɪɨɲɥɢ ɤɨɦɩɥɟɤɫ ɢɫɩɵɬɚɧɢɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɪɟɛɨɜɚɧɢɹɦɢ AТrМrКПЭ εКЭОrТКХs FТrО TОsЭ HКЧНЛШШФ-DOT/FAA/AR-00/1β (ɋɩɪɚɜɨɱɧɢɤ ɩɨ 
ɬɟɫɬɚɦ ɧɚ ɜɨɫɩɥɚɦɟɧɹɟɦɨɫɬɶ ɞɥɹ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
ɝɪɚɠɞɚɧɫɤɨɣ ɚɜɢɚɰɢɢ ɋɒȺ). ȼ ɋɒȺ ɪɚɡɪɚɛɨɬɚɧɵ ɧɨɜɵɟ ɩɨɠɚɪɨɛɟɡɨɩɚɫɧɵɟ ɫɩɥɚɜɵ ɧɚ 
ɨɫɧɨɜɟ ɦɚɝɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɪɟɞɤɨɡɟɦɟɥɶɧɵɟ ɦɟɬɚɥɥɵ (ɊɁɆ), ɤɚɥɶɰɢɣ ɢ ɞɪɭɝɢɟ 
ɷɥɟɦɟɧɬɵ, ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɸɳɢɟ «ɨɩɚɫɧɭɸ» ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɫɩɥɚɦɟɧɟɧɢɹ 
ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɞɨ 8η0 °ɋ. 

ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɢ ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɜ ɨɬɪɚɫɥɹɯ 
ɚɜɢɚɰɢɨɧɧɨɣ ɢ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 
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Ʉ ɢɡɞɟɥɢɹɦ ɢɡ ɦɚɝɧɢɹ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɨɱɟɧɶ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɜɜɢɞɭ ɟɝɨ ɫɩɟɰɢɮɢɤɢ –  
ɨɧ ɩɨɞɜɟɪɠɟɧ ɨɤɢɫɥɟɧɢɸ ɧɚ ɜɨɡɞɭɯɟ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ 
ɬɪɟɛɭɸɬɫɹ ɫɩɥɚɜɵ ɫ ɩɨɜɵɲɟɧɧɵɦɢ ɩɪɨɱɧɨɫɬɧɵɦɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, 
ɧɟ ɭɫɬɭɩɚɸɳɢɟ ɩɨ ɫɜɨɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɫɟɪɢɣɧɵɦ ɫɩɥɚɜɚɦ, ɢɫɩɨɥɶɡɭɟɦɵɦ ɜ Ɋɨɫɫɢɢ ɢ ɡɚ 
ɪɭɛɟɠɨɦ, ɚ ɢɦɟɧɧɨ ɫɩɥɚɜɵ ɫ ɜɵɫɨɤɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ  
ɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

ɋ ɰɟɥɶɸ ɭɜɟɥɢɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɨɜ 
ɪɚɡɪɚɛɨɬɱɢɤɢ ɩɪɢɦɟɧɹɸɬ ɤɨɦɩɥɟɤɫɧɨɟ ɥɟɝɢɪɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ – ɤɚɤ 
ɬɭɝɨɩɥɚɜɤɢɦɢ, ɬɚɤ ɢ ɊɁɆ.  

Ⱦɥɹ ɨɰɟɧɤɢ ɦɢɪɨɜɨɝɨ ɭɪɨɜɧɹ ɢ ɬɟɧɞɟɧɰɢɣ ɪɚɡɜɢɬɢɹ ɥɢɬɟɣɧɵɯ ɦɚɝɧɢɟɜɵɯ 
ɫɩɥɚɜɨɜ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɨɩɭɛɥɢɤɨɜɚɧɧɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ. ɉɪɟɞɦɟɬɨɦ 
ɩɨɢɫɤɚ ɹɜɥɹɥɢɫɶ ɩɨɠɚɪɨɛɟɡɨɩɚɫɧɵɟ ɫɩɥɚɜɵ ɫ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɢ 
ɩɨɜɵɲɟɧɧɵɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɟɪɢɣɧɵɦɢ 
ɦɚɝɧɢɟɜɵɦɢ ɫɩɥɚɜɚɦɢ Д1–10]. 

 
Ɉɬɟɱɟɫɬɜɟɧɧɵɟ ɫɩɥɚɜɵ 

ɉɨɫɥɟ ɚɧɚɥɢɡɚ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ, ɚ ɬɚɤɠɟ ɩɚɬɟɧɬɨɜ ɪɨɫɫɢɣɫɤɢɯ 
ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɫɩɥɚɦɟɧɟɧɢɹ 
ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɩɨɜɵɲɟɧɢɟɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ 
ɤɚɱɟɫɬɜɟ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢɫɩɨɥɶɡɭɸɬ ɊɁɆ, ɚ ɜ ɤɚɱɟɫɬɜɟ ɞɨɛɚɜɤɢ –  
ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɤɚɥɶɰɢɣ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɫɬɪɭɤɬɭɪɵ. 

Ɋɨɫɫɢɣɫɤɢɦ ɢɧɫɬɢɬɭɬɨɦ ɦɟɬɚɥɥɭɪɝɢɢ ɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢɦ. Ⱥ.Ⱥ. Ȼɚɣɤɨɜɚ 
Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ (ɂɆȿɌ ɊȺɇ) ɪɚɡɪɚɛɨɬɚɧ ɫɩɥɚɜ ɧɚ ɦɚɝɧɢɟɜɨɣ ɨɫɧɨɜɟ ɫ ɊɁɆ. 
ɉɪɢ ɨɛɳɟɦ ɫɨɞɟɪɠɚɧɢɢ ɊɁɆ ɞɨ 14% ɫɩɥɚɜ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, % (ɩɨ 
ɦɚɫɫɟ): γ–θ ɢɬɬɪɢɹ; η–7 ɝɚɞɨɥɢɧɢɹ; 1–η ɫɚɦɚɪɢɹ ɢ 0,β–0,θ ɰɢɪɤɨɧɢɹ. ɋɩɥɚɜ ɨɛɥɚɞɚɟɬ 
ɜɵɫɨɤɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɢ ɩɨɜɵɲɟɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɚɯ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɟɝɨ ɜɨɡɦɨɠɧɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ 
ɩɪɹɦɨɝɨ ɨɝɧɹ. Ɍɚɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɩɥɚɜɚ ɞɨɫɬɢɠɢɦɵ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ 
ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ Д10Ж. 

Ʉɨɪɩɨɪɚɰɢɹ ȼɋɆɉɈ-ȺȼɂɋɆȺ ɩɪɟɞɥɚɝɚɟɬ ɞɜɚ ɥɢɬɟɣɧɵɯ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɚ. 
Ɉɞɢɧ ɢɡ ɧɢɯ ɨɛɥɚɞɚɟɬ ɩɨɜɵɲɟɧɧɨɣ ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɶɸ ɩɨɥɡɭɱɟɫɬɢ ɛɥɚɝɨɞɚɪɹ ɟɝɨ ɨɩɬɢ-
ɦɚɥɶɧɨ ɩɨɞɨɛɪɚɧɧɨɦɭ ɫɨɫɬɚɜɭ. Ɍɚɤ, ɩɨɧɢɠɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɚɥɸɦɢɧɢɹ (β,θ–3,4% (ɩɨ 
ɦɚɫɫɟ)) ɩɨɜɵɲɚɟɬ ɠɚɪɨɩɪɨɱɧɨɫɬɶ ɫɩɥɚɜɚ. ɉɪɢ ɟɝɨ ɢɡɝɨɬɨɜɥɟɧɢɢ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɥɢɝɚɬɭɪɚ ɫɢɫɬɟɦɵ Al–Zn–Mg–Si, ɤɨɬɨɪɚɹ, ɩɨ ɦɧɟɧɢɸ ɪɚɡɪɚɛɨɬɱɢɤɨɜ, ɥɭɱɲɟ ɭɫɜɚɢɜɚ-
ɟɬɫɹ ɦɚɝɧɢɟɦ Д11Ж. ɋɨɫɬɚɜ ɜɬɨɪɨɝɨ ɫɩɥɚɜɚ ɨɬɥɢɱɚɟɬɫɹ ɧɚɥɢɱɢɟɦ ɤɚɥɶɰɢɹ, ɜɜɟɞɟɧɢɟ ɤɨ-
ɬɨɪɨɝɨ ɜ ɤɨɥɢɱɟɫɬɜɟ 0,0η–0,1% (ɩɨ ɦɚɫɫɟ) ɩɨɥɨɠɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɟɝɨ ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ, ɬɚɤ ɤɚɤ ɤɚɥɶɰɢɣ ɜ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɚɯ ɫɩɨɫɨɛɫɬɜɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ ɢɡ-
ɦɟɥɶɱɟɧɢɸ ɫɬɪɭɤɬɭɪɵ, ɨɤɚɡɵɜɚɹ ɦɨɞɢɮɢɰɢɪɭɸɳɢɣ ɷɮɮɟɤɬ Д1βЖ. 

ɇɚɰɢɨɧɚɥɶɧɵɦ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɭɧɢɜɟɪɫɢɬɟɬɨɦ «Ɇɂɋɢɋ» 
ɪɚɡɪɚɛɨɬɚɧ ɦɚɝɧɢɟɜɵɣ ɫɩɥɚɜ ɫ ɭɤɚɡɚɧɧɵɦɢ ɥɟɝɢɪɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ, % (ɩɨ ɦɚɫɫɟ):  
3–4 ɢɬɬɪɢɹ; γ–4,η ɧɟɨɞɢɦɚ; 0,1η–0,8 ɰɢɧɤɚ ɢ 0,4–1,0 ɰɢɪɤɨɧɢɹ. ɋɩɥɚɜ ɬɟɪɦɢɱɟɫɤɢ ɨɛɪɚ-
ɛɚɬɵɜɚɟɬɫɹ ɩɨ ɪɟɠɢɦɭ Ɍθ ɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲ-
ɥɟɧɧɨɫɬɢ ɜ ɞɟɬɚɥɹɯ, ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ Д1γЖ. 

 
Ɂɚɪɭɛɟɠɧɵɟ ɫɩɥɚɜɵ 

ɋɪɟɞɢ ɡɚɪɭɛɟɠɧɵɯ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɪɹɞɚ ɫɩɥɚɜɨɜ ɧɚ ɦɚɝɧɢɟɜɨɣ ɨɫɧɨɜɟ ɦɨɠɧɨ ɨɬɦɟ-
ɬɢɬɶ ɤɨɦɩɚɧɢɸ εКРЧОsТЮЦ EХОМЭrШЧ (ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ). ɉɟɪɜɵɣ ɫɨɫɬɚɜ ɫɩɥɚɜɚ ɫɨɞɟɪɠɢɬ 
ɫɥɟɞɭɸɳɢɟ ɥɟɝɢɪɭɸɳɢɟ ɤɨɦɩɨɧɟɧɬɵ, % (ɩɨ ɦɚɫɫɟ): β–θ ɢɬɬɪɢɹ; 0,0η–4,0 ɧɟɨɞɢɦɚ; ɞɨ 
1 ɝɚɞɨɥɢɧɢɹ; ɞɨ 1 ɞɢɫɩɪɨɡɢɹ; ɞɨ 1 ɷɪɛɢɹ; 0,0η–1 ɰɢɪɤɨɧɢɹ; 0,1 ɥɟɝɤɨɩɥɚɜɤɢɯ ɰɢɧɤɚ ɢ ɦɚɪ-
ɝɚɧɰɚ; ɧɟ ɛɨɥɟɟ 0,γ ɚɥɸɦɢɧɢɹ ɢ ɥɢɬɢɹ; 0–0,0β ɢɬɬɟɪɛɢɹ ɢ 0–0,04 ɫɚɦɚɪɢɹ; ɨɫɬɚɥɶɧɨɟ – 
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ɦɚɝɧɢɣ ɢ ɩɪɢɦɟɫɢ. Ɉɛɳɟɟ ɫɨɞɟɪɠɚɧɢɟ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɊɁɗ) ɝɚɞɨɥɢɧɢɹ, ɞɢɫ-
ɩɪɨɡɢɹ ɢ ɷɪɛɢɹ ɫɨɫɬɚɜɥɹɟɬ 0,γ–1β% (ɩɨ ɦɚɫɫɟ). ɋɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ ɫɩɥɚɜɚ 0,8 ɦɝ/ɫɦ2/ɞɟɧɶ). 
ɋɩɥɚɜ ɫɨɞɟɪɠɢɬ ɊɁɆ ɢ ɩɨɡɢɰɢɨɧɢɪɭɟɬɫɹ ɤɚɤ ɨɝɧɟɫɬɨɣɤɢɣ ɫɩɥɚɜ, ɨɛɥɚɞɚɸɳɢɣ ɯɨɪɨɲɟɣ 
ɠɢɞɤɨɬɟɤɭɱɟɫɬɶɸ, ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɫɬɶɸ ɪɟɡɚɧɢɟɦ Д14Ж.  

Ʉɨɦɩɚɧɢɟɣ εКРЧОsТЮЦ EХОМЭrШЧ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɟɧ ɪɹɞ ɫɩɥɚɜɨɜ, ɧɚɫɵɳɟɧɧɵɯ 
ɊɁɆ. ȼ ɫɨɫɬɚɜɟ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɚɝɧɢɟɜɨɝɨ ɫɩɥɚɜɚ, ɩɨɦɢɦɨ ɫɬɚɧɞɚɪɬɧɵɯ ɥɟɝɤɨɩɥɚɜɤɢɯ 
ɷɥɟɦɟɧɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɰɢɧɤ, ɰɢɪɤɨɧɢɣ ɢ ɚɥɸɦɢɧɢɣ, ɜ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɧɬɧɵɯ ɫɨɨɬɧɨɲɟ-
ɧɢɹɯ ɫɨɞɟɪɠɚɬɫɹ з1η ɷɥɟɦɟɧɬɨɜ ɢɡ ɝɪɭɩɩɵ ɊɁɆ. ɋɩɥɚɜ ɫ ɜɵɫɨɤɢɦ ɧɚɫɵɳɟɧɢɟɦ ɊɁɗ ɷɪ-
ɛɢɹ (ɞɨ 7,γη% (ɩɨ ɦɚɫɫɟ)) ɢɦɟɟɬ ɩɪɟɞɟɥ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɩɪɨɱɧɨɫɬɢ γ48 Ɇɉɚ, ɩɪɟɞɟɥ 
ɬɟɤɭɱɟɫɬɢ β7θ Ɇɉɚ ɢ ɩɪɟɞɟɥ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ 100 Ɇɉɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ βη0 °ɋ. 
Ɉɞɧɚɤɨ ɜɜɢɞɭ ɜɵɫɨɤɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɜ ɫɨɫɬɚɜɟ ɫɩɥɚɜɚ ɷɥɟɦɟɧɬɚ ɷɪɛɢɹ, ɩɥɨɬɧɨɫɬɶ ɤɨɬɨ-
ɪɨɝɨ ɫɨɫɬɚɜɥɹɟɬ з9 ɝ/ɫɦ3, ɫɩɥɚɜ ɬɚɤɠɟ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɢ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ 
ɞɨɪɨɝɨɫɬɨɹɳɢɦ Д1ηЖ. 

Ʉɨɦɩɚɧɢɟɣ Dead Sea Magnesium (ɂɡɪɚɢɥɶ) ɪɚɡɪɚɛɨɬɚɧ ɫɨɫɬɚɜ ɫɩɥɚɜɚ ɧɚ ɦɚɝɧɢɟ-
ɜɨɣ ɨɫɧɨɜɟ ɫ ɩɨɜɵɲɟɧɧɵɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ βη0 °ɋ ɢ 
ɯɨɪɨɲɟɣ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚ. ȼ ɫɨɫɬɚɜ ɫɩɥɚɜɚ 
ɜɯɨɞɹɬ ɫɥɟɞɭɸɳɢɟ ɥɟɝɢɪɭɸɳɢɟ ɤɨɦɩɨɧɟɧɬɵ, % (ɩɨ ɦɚɫɫɟ): β,η–γ,η ɧɟɨɞɢɦɚ; ɞɨ β,θ ɢɬ-
ɬɪɢɹ; ɞɨ 0,8 ɰɢɧɤɚ; ɞɨ 0,βη ɤɚɥɶɰɢɹ ɢ ɞɨ 0,8 ɰɢɪɤɨɧɢɹ. Ɋɚɡɪɚɛɨɬɱɢɤɚɦɢ ɜɵɹɜɥɟɧɚ ɡɚɤɨ-
ɧɨɦɟɪɧɨɫɬɶ ɜɥɢɹɧɢɹ ɰɢɧɤɚ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ: ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɜ ɫɨɫɬɚɜɟ 
ɫɩɥɚɜɚ 0,θ% (ɩɨ ɦɚɫɫɟ) ɰɢɧɤɚ ɟɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ η% ɩɪɢ 
ɫɨɯɪɚɧɟɧɢɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɩɪɨɱɧɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɩɥɚɜɚ ɛɟɡ ɫɨɞɟɪɠɚɧɢɹ ɰɢɧɤɚ. 
ɋɩɥɚɜ ɧɚ ɦɚɝɧɢɟɜɨɣ ɨɫɧɨɜɟ ɫɨɞɟɪɠɢɬ ɦɟɥɤɨɡɟɪɧɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ ɡɚ ɫɱɟɬ ɦɨɞɢɮɢɰɢɪɨ-
ɜɚɧɢɹ ɰɢɪɤɨɧɢɟɦ. ȼɜɟɞɟɧɢɟ ɜ ɪɚɫɩɥɚɜ ɰɢɪɤɨɧɢɹ ɨɝɪɚɧɢɱɟɧɨ 1% (ɩɨ ɦɚɫɫɟ) ɜɜɢɞɭ ɟɝɨ 
ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɭɫɜɨɹɟɦɨɫɬɢ ɢ ɨɫɚɠɞɟɧɢɹ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ ɜɵɩɥɚɜɤɢ ɫɩɥɚɜɚ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 7β0–800 °ɋ. Ⱦɥɹ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɫɩɥɚɜɚ ɨɩɬɢɦɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɫɨ-
ɞɟɪɠɚɧɢɟ ɰɢɪɤɨɧɢɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0,θ ɞɨ 0,8% (ɩɨ ɦɚɫɫɟ). ɉɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɢ ɡɚɜɟɪɹ-
ɸɬ, ɱɬɨ ɩɪɢ ɥɟɝɢɪɨɜɚɧɢɢ ɫɩɥɚɜɚ ɜ ɭɤɚɡɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɟɝɨ ɫɬɪɭɤɬɭɪɚ – ɦɟɥɤɨɡɟɪɧɢɫɬɚɹ 
ɢ ɰɢɪɤɨɧɢɣ ɩɨɥɧɨɫɬɶɸ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɦɚɝɧɢɢ. ɋɨɞɟɪɠɚɧɢɟ ɜ ɫɨɫɬɚɜɟ ɧɟɨɞɢɦɚ ɭɜɟɥɢɱɢ-
ɜɚɟɬ ɩɪɨɱɧɨɫɬɶ ɫɩɥɚɜɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɟɝɨ ɩɨɫɥɟɞɭɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɚ ɰɢɧɤ 
ɩɨɥɨɠɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ. ȼ ɫɩɥɚɜɟ ɨɬɫɭɬɫɬɜɭɸɬ ɞɨɪɨɝɨɫɬɨɹ-
ɳɢɟ ɊɁɆ, ɱɬɨ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɲɢɪɨɤɨɦ ɫɩɟɤɬɪɟ ɪɚɡɥɢɱɧɵɯ  
ɧɨɦɟɧɤɥɚɬɭɪ ɞɟɬɚɥɟɣ ɢɡ ɥɢɬɵɯ ɫɩɥɚɜɨɜ. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɫɩɥɚɜ – ɫɬɨɣɤɢɣ ɤ ɨɤɢɫɥɟɧɢɸ, ɩɨ-
ɷɬɨɦɭ ɧɟ ɬɪɟɛɭɟɬ ɫɨɞɟɪɠɚɧɢɹ ɜ ɥɢɬɟɣɧɵɯ ɮɨɪɦɚɯ ɢɧɝɢɛɢɬɨɪɨɜ ɝɨɪɟɧɢɹ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ 
ɦɚɥɨɝɚɛɚɪɢɬɧɵɯ ɨɬɥɢɜɨɤ. ɋɩɥɚɜ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɬɟɪɦɢɱɟɫɤɢɦ ɩɭɬɟɦ – ɫ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚ-
ɬɭɪɨɣ ɡɚɤɚɥɤɢ ɬɢɩɚ Ɍθ1 (ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ηβη–530 °ɋ ɜ ɬɟɱɟɧɢɟ 7–10 ɱ) ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɨɯɥɚɠɞɟɧɢɟɦ ɜ ɝɨɪɹɱɟɣ ɜɨɞɟ ɥɢɛɨ ɜ ɩɨɬɨɤɟ ɜɨɡɞɭɯɚ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɜɵ-
ɫɨɤɢɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɟɨɛɯɨɞɢɦɨ ɢɫɤɭɫɫɬɜɟɧ-
ɧɨɟ ɫɬɚɪɟɧɢɟ ɫɩɥɚɜɚ: ɜ ɬɟɱɟɧɢɟ 9–10 ɱ – ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɬ β00 ɞɨ βη0 °ɋ ɢ ɜ ɬɟɱɟɧɢɟ 
ɞɨ β0 ɱ – ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ β00 °ɋ. Ⱦɚɧɧɵɣ ɫɩɥɚɜ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ ɦɟɯɚɧɢɱɟ-
ɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɧɚ ɜɵɪɟɡɚɧɧɵɯ ɨɛɪɚɡɰɚɯ: ɩɪɟɞɟɥ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɩɪɨɱɧɨɫɬɢ 
β7η Ɇɉɚ, ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ ɧɟ ɦɟɧɟɟ η% ɢ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ β00 Ɇɉɚ Д1θЖ.  

ȼɬɨɪɨɣ ɫɩɥɚɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɤɨɦɩɚɧɢɟɣ Dead Sea Magnesium, ɩɪɟɞɧɚɡɧɚɱɟɧ 
ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ 17η–250 °ɋ. ɉɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 
ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɫɩɥɚɜɚ ɞɨ 700 °ɋ ɢ ɟɝɨ ɠɚɪɨɩɪɨɱɧɵɯ ɫɜɨɣɫɬɜ ɞɨɫɬɢɝɚɸɬ ɩɭɬɟɦ ɤɨɦ-
ɩɥɟɤɫɧɨɝɨ ɥɟɝɢɪɨɜɚɧɢɹ ɊɁɆ (σН, В). ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɟɞɵɞɭɳɢɦ ɫɩɥɚɜɨɦ, ɞɚɧɧɵɣ 
ɫɩɥɚɜ ɨɛɥɚɞɚɟɬ ɩɨɜɵɲɟɧɧɵɦɢ ɩɥɚɫɬɢɱɧɨɫɬɶɸ (ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ 10%), ɤɨɪɪɨ-
ɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ (ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ 0,17 ɦɝ/ɫɦ2/ɞɟɧɶ) ɢ ɩɪɟɞɟɥɨɦ ɩɪɨɱɧɨɫɬɢ ɞɨ 
285 Ɇɉɚ Д17Ж.  

Ⱥɤɬɢɜɧɨ ɪɚɡɪɚɛɚɬɵɜɚɸɬ ɫɩɥɚɜɵ ɢ ɜ Ⱥɡɢɚɬɫɤɢɯ ɫɬɪɚɧɚɯ, ɜ ɨɫɧɨɜɧɨɦ ɜ Ʉɢɬɚɟ. Ʉɢ-
ɬɚɣɫɤɢɦɢ ɪɚɡɪɚɛɨɬɱɢɤɚɦɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɟɫɤɨɥɶɤɨ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɨɜ, ɩɨɡɢɰɢɨɧɢɪɭɟ-
ɦɵɯ ɤɚɤ ɩɨɠɚɪɨɛɟɡɨɩɚɫɧɵɟ. ɉɪɟɞɫɬɚɜɥɟɧ ɫɩɥɚɜ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ ɜɯɨɞɹɬ ɫɥɟɞɭɸɳɢɟ 
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ɤɨɦɩɨɧɟɧɬɵ, % (ɩɨ ɦɚɫɫɟ): 8,0–10,0 ɝɚɞɨɥɢɧɢɹ; β,0–4,0 ɢɬɬɪɢɹ ɢ 0,4–0,θ ɰɢɪɤɨɧɢɹ. 
ɋɩɥɚɜ ɜɨɫɩɥɚɦɟɧɹɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ з700 °ɋ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢ 
ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. Ɉɞɧɢɦ ɢɡ ɟɝɨ ɧɟɞɨɫɬɚɬɤɨɜ ɹɜɥɹɟɬɫɹ ɞɥɢɬɟɥɶɧɚɹ ɜɵɫɨɤɨɬɟɦ-
ɩɟɪɚɬɭɪɧɚɹ ɨɛɪɚɛɨɬɤɚ Д18Ж. 

ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ ɫɩɥɚɜ ɧɚ ɦɚɝɧɢɟɜɨɣ ɨɫɧɨɜɟ ɤɢɬɚɣɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 
HОЧКЧ PШХвЭОМСЧТМ UЧТЯОrsТЭв, ɢɦɟɸɳɢɣ ɩɪɟɞɟɥ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɩɪɨɱɧɨɫɬɢ ɞɨ 
180 Ɇɉɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ γ00 °ɋ. ɉɨɜɵɲɟɧɧɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ ɨɛɟɫ-
ɩɟɱɢɜɚɸɬɫɹ ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɜ ɟɝɨ ɫɨɫɬɚɜɟ ɞɨɪɨɝɨɫɬɨɹɳɟɝɨ ɷɥɟɦɟɧɬɚ ɝɨɥɶɦɢɹ ɢɡ 
ɝɪɭɩɩɵ ɊɁɆ (8–12% (ɩɨ ɦɚɫɫɟ)), ɚ ɬɚɤɠɟ ɨɧ ɫɨɞɟɪɠɢɬ γ–θ% (ɩɨ ɦɚɫɫɟ) ɧɟɨɞɢɦɚ. Ɋɚɡɪɚ-
ɛɨɬɚɧɧɵɣ ɫɩɥɚɜ ɧɚɯɨɞɢɬ ɨɝɪɚɧɢɱɟɧɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɢɡ-ɡɚ ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɢ Д19Ж.  

Ʉɢɬɚɣɫɤɨɣ ɤɨɦɩɚɧɢɟɣ Jiangsu Favour Automotive New Stuff Sci Tech Co, Ltd 
ɪɚɡɪɚɛɨɬɚɧɵ ɫɩɥɚɜɵ ɧɚ ɦɚɝɧɢɟɜɨɣ ɨɫɧɨɜɟ ɫ ɜɵɫɨɤɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢ-
ɤɚɦɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɋɩɥɚɜ ɫɢɫɬɟɦɵ Mg–Re–Y, ɩɪɟɞɧɚ-
ɡɧɚɱɟɧɧɵɣ ɞɥɹ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɥɢɬɶɹ, ɫɨɞɟɪɠɢɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɫɥɟɞɭɸɳɢɟ ɤɨɦɩɨ-
ɧɟɧɬɵ, % (ɩɨ ɦɚɫɫɟ): 4,0–10,0 ɪɟɧɢɹ; β,0–θ,0 ɰɢɧɤɚ; 0,η–1,β ɚɥɸɦɢɧɢɹ ɢ 0,1–0,γ ɦɚɪ-
ɝɚɧɰɚ, ɚ ɬɚɤɠɟ ɞɨɛɚɜɤɢ ɬɢɬɚɧɚ ɢ ɛɨɪɚ ɜ ɤɨɥɢɱɟɫɬɜɟ 0,01–0,08% (ɩɨ ɦɚɫɫɟ). ɋɩɥɚɜ ɢɦɟɟɬ 
ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫ-
ɬɹɠɟɧɢɢ ɫɨɫɬɚɜɥɹɟɬ β98 Ɇɉɚ, ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ 1θ%; ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β00 °ɋ 
ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɫɨɫɬɚɜɥɹɟɬ β1θ Ɇɉɚ, ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ ββ%. 
ɋɩɥɚɜ ɫɢɫɬɟɦɵ Mg–Er ɩɨɥɭɱɚɸɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɯɢɦɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ): 
4,0–8,η ɷɪɛɢɹ; 1,β–η,1 ɰɢɧɤɚ; 0,η–1,β ɚɥɸɦɢɧɢɹ ɢ 0,1–0,γ ɦɚɪɝɚɧɰɚ. ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ 
ɜɤɥɸɱɚɟɬ ɫɬɚɞɢɸ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɥɢɝɚɬɭɪɵ Mg–Er. Ɍɟɯɧɨɥɨɝɢɹ ɢɡɝɨ-
ɬɨɜɥɟɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜɜɟɞɟɧɢɹ ɷɥɟɦɟɧɬɨɜ: ɞɨɛɚɜɥɟ-
ɧɢɟ ɜ ɱɢɫɬɵɣ ɦɚɝɧɢɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 700 °ɋ ɱɢɫɬɨɝɨ ɰɢɧɤɚ, ɥɢɝɚɬɭɪ Mg–Er ɢ Mg–Mn, 
ɚ ɡɚɬɟɦ ɞɚɥɶɧɟɣɲɟɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ; ɩɨɫɥɟ ɷɬɨɝɨ ɧɚɝɪɟɜ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 7γ0 °ɋ  
ɢ ɞɨɛɚɜɥɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɱɢɫɬɨɝɨ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɥɢɬɤɚ, ɚ ɬɚɤɠɟ ɥɢɝɚɬɭɪ Al–Ti, 
Al–Ti–B ɢ Al–B. ɋɩɥɚɜ ɩɨɞɜɟɪɝɚɟɬɫɹ ɪɚɮɢɧɢɪɨɜɚɧɢɸ ɜ ɫɪɟɞɟ ɮɥɸɫɚ ɢ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭ-
ɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟ-
ɧɢɢ ɫɨɫɬɚɜɥɹɟɬ β99 Ɇɉɚ, ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ 19%; ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β00 °ɋ ɩɪɟ-
ɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɫɨɫɬɚɜɥɹɟɬ β10 Ɇɉɚ, ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ β4%, ɱɬɨ 
ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɵɫɨɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɢɡɞɟɥɢɹɦ ɜ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ Дβ0Ж.  

ȼ ɪɚɡɪɚɛɨɬɤɟ ɫɩɟɰɢɚɥɢɫɬɨɜ ɤɢɬɚɣɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ HОЧКЧ UЧТЯersity Science 
and Technology ɨɩɢɫɚɧ ɫɩɥɚɜ ɧɚ ɦɚɝɧɢɟɜɨɣ ɨɫɧɨɜɟ ɫ ɊɁɆ ɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭ-
ɪɨɣ ɜɨɫɩɥɚɦɟɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɣ ɚɥɸɦɢɧɢɣ, ɚ ɬɚɤɠɟ ɫɥɟɞɭɸɳɢɟ ɷɥɟɦɟɧɬɵ, % (ɩɨ 
ɦɚɫɫɟ): 0–β,η ɫɚɦɚɪɢɹ; η,0–θ,η ɝɚɞɨɥɢɧɢɹ ɢ 0,7–1,γ ɰɢɧɤɚ; ɨɫɬɚɥɶɧɨɟ – ɦɚɝɧɢɣ ɜ ɫɨ-
ɨɬɜɟɬɫɬɜɢɢ ɫ ɦɚɫɫɨɜɵɦ ɩɪɨɰɟɧɬɨɦ. ɋɩɥɚɜ ɨɛɥɚɞɚɟɬ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ-
ɦɢ: ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɞɨ β88 Ɇɉɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɨ 
β00 Ɇɉɚ ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (γ00 °ɋ), ɜɨɫɩɥɚɦɟɧɟɧɢɟ ɫɩɥɚɜɚ ɩɪɨɢɫɯɨɞɢɬ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɟ ɦɟɧɟɟ 700 °ɋ. Ⱦɪɭɝɨɣ ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɫɩɥɚɜ ɫɨɞɟɪɠɢɬ, % (ɩɨ 
ɦɚɫɫɟ): 0,η–0,9 ɫɭɪɶɦɵ; θ,η–θ,7 ɫɚɦɚɪɢɹ; 1,η–1,7 ɝɚɞɨɥɢɧɢɹ ɢ 1,1–1,γ ɰɢɧɤɚ. ɉɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ θ80 °ɋ ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɫɩɥɚɜ ɧɟ ɜɨɫɩɥɚɦɟɧɹɟɬɫɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɛɥɚɞɚɟɬ 
ɩɪɟɜɨɫɯɨɞɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɪɨɱɧɨɫɬɢ: β00 Ɇɉɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ γ00 °ɋ, ɩɪɟɞɟɥ 
ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɩɪɨɱɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ ɞɨ β9β Ɇɉɚ Дβ1Ж. 

Ƚɪɭɩɩɚ Ɏɭɲɷɧ ɉɷɧɚ ɜ ɍɧɢɜɟɪɫɢɬɟɬɟ ɑɭɧɰɢɧɚ (Ʉɢɬɚɣ) ɭɫɩɟɲɧɨ ɪɚɡɪɚɛɨɬɚɥɚ ɥɢ-
ɬɨɣ ɦɚɝɧɢɟɜɵɣ ɫɩɥɚɜ ɫ ɨɬɧɨɫɢɬɟɥɶɧɵɦ ɭɞɥɢɧɟɧɢɟɦ >10% ɫɥɟɞɭɸɳɟɝɨ ɫɨɫɬɚɜɚ, % (ɩɨ 
ɦɚɫɫɟ): 10 ɝɚɞɨɥɢɧɢɹ; β ɢɬɬɪɢɹ; 1 ɰɢɧɤɚ ɢ 0,η ɰɢɪɤɨɧɢɹ. ɋɩɥɚɜ ɫ ɩɪɟɞɟɥɨɦ ɩɪɨɱɧɨɫɬɢ 
ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ β9η Ɇɉɚ ɢ ɩɥɚɫɬɢɱɧɨɫɬɶɸ 10,β% ɧɚɯɨɞɢɬɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɦɚɤɫɢɦɚɥɶɧɨ-
ɝɨ ɫɬɚɪɟɧɢɹ, ɧɨ ɜɜɢɞɭ ɛɨɥɶɲɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɝɚɞɨɥɢɧɢɹ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɪɚɡɪɚɛɨɬɚɧ ɫɩɥɚɜ (ɫɨɫɬɚɜ, % (ɩɨ ɦɚɫɫɟ): 10 ɝɚɞɨɥɢɧɢɹ; 1 ɰɢɧɤɚ ɢ 0,η ɰɢɪ-
ɤɨɧɢɹ) ɛɟɡ ɫɨɞɟɪɠɚɧɢɹ В ɫ ɩɪɟɞɟɥɨɦ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɩɪɨɱɧɨɫɬɢ γ0γ Ɇɉɚ ɢ ɩɥɚ-
ɫɬɢɱɧɨɫɬɶɸ θ,θ% ɜ ɫɨɫɬɨɹɧɢɢ ɩɢɤɨɜɨɝɨ ɫɬɚɪɟɧɢɹ. ɋɩɥɚɜ, ɬɟɪɦɢɱɟɫɤɢ ɨɛɪɚɛɨɬɚɧɧɵɣ ɩɪɢ 
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ɬɟɦɩɟɪɚɬɭɪɟ 4β0 °C ɜ ɬɟɱɟɧɢɟ 1β ɱ, ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɜɵɫɨɤɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɫɩɥɚɜɚ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɦɟɧɟɟ 700 °C Дββ, βγЖ. 

Ɋɚɡɪɚɛɨɬɱɢɤ ɢɡ ɤɢɬɚɣɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ Shanghai Jiao Tong University ɬɚɤɠɟ 
ɩɪɟɞɫɬɚɜɢɥ ɪɹɞ ɥɢɬɟɣɧɵɯ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɨɜ. ȼɵɫɨɤɨɩɪɨɱɧɵɣ ɫɩɥɚɜ ɫɨɫɬɚɜɚ, % (ɩɨ 
ɦɚɫɫɟ): 1β ɝɚɞɨɥɢɧɢɹ; 0,8 ɰɢɧɤɚ ɢ 0,4 ɰɢɪɤɨɧɢɹ, ɨɬɥɢɬɵɣ ɜ ɩɟɫɱɚɧɵɟ ɮɨɪɦɵ, ɢɦɟɟɬ ɩɪɟ-
ɞɟɥ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɩɪɨɱɧɨɫɬɢ γ00 Ɇɉɚ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ β,θ%. ɇɚɢɛɨɥɶ-
ɲɟɣ ɩɪɨɱɧɨɫɬɢ ɫɩɥɚɜ ɞɨɫɬɢɝɚɟɬ ɩɪɢ ɟɝɨ ɨɛɪɚɛɨɬɤɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ηγ0 °C ɜ ɬɟɱɟɧɢɟ 
18 ɱ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɢɫɤɭɫɫɬɜɟɧɧɵɦ ɫɬɚɪɟɧɢɟɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ββη °C ɜ ɬɟɱɟɧɢɟ 8 ɱ. 
ɋɩɥɚɜ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ – ɞɨ βη0 °C Дβ4Ж. 
ȼɵɫɨɤɨɩɥɚɫɬɢɱɧɵɣ ɥɢɬɨɣ ɫɩɥɚɜ ɫɨɫɬɚɜɚ, % (ɩɨ ɦɚɫɫɟ): β ɰɢɧɤɚ; 0,4 ɰɢɪɤɨɧɢɹ; 
0,5 ɧɟɨɞɢɦɚ ɢ 0,β ɢɬɬɪɢɹ, ɢɦɟɟɬ ɜɵɫɨɤɨɟ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ ɪɚɡɪɭɲɟɧɢɹ (ɞɨ 
γη%) ɢ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɧɟ ɦɟɧɟɟ β9η˃η Ɇɉɚ. Ɂɚɹɜɥɟɧɧɚɹ ɩɥɚɫɬɢɱɧɨɫɬɶ ɞɥɹ ɫɩɥɚɜɚ 
ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, % (ɩɨ ɦɚɫɫɟ): εР–2Zn–0,2Y–0,5Nd–0,4Гr, ɜ ɥɢɬɨɦ ɫɨɫɬɨɹɧɢɢ ɜɵ-
ɲɟ, ɱɟɦ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɜ ɥɢɬɨɦ ɫɨɫɬɨɹɧɢɢ. Ɍɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬ-
ɤɚ ɩɪɨɜɟɞɟɧɚ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɪɟɠɢɦɭ: ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 4γ0 °C ɜ ɬɟɱɟɧɢɟ 1β ɱ ɫ ɡɚɤɚɥ-
ɤɨɣ ɜ ɩɨɬɨɤɟ ɜɨɡɞɭɯɚ ДβηЖ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɦɢɪɨɜɵɯ ɬɟɧɞɟɧɰɢɣ ɜ ɨɛɥɚɫɬɢ ɪɚɡɜɢɬɢɹ ɦɚɝɧɢɟɜɵɯ 
ɫɩɥɚɜɨɜ ɫ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɜɵɹɜɥɟɧɨ ɫɥɟɞɭɸɳɟɟ: 

– ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɫɩɥɚɦɟɧɟɧɢɹ, ɩɪɨɱɧɨɫɬɧɵɯ ɢ ɠɚɪɨɩɪɨɱɧɵɯ ɫɜɨɣɫɬɜ 
ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɞɨɫɬɢɝɚɸɬ ɩɭɬɟɦ ɤɨɦɩɥɟɤɫɧɨɝɨ ɥɟɝɢɪɨɜɚɧɢɹ ɊɁɆ; 

– ɜ ɤɚɱɟɫɬɜɟ ɥɟɝɢɪɭɸɳɢɯ ɊɁɆ ɨɫɨɛɟɧɧɨ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɢɬɬɪɢɣ, ɧɟɨɞɢɦ, ɥɚɧɬɚɧ  
ɢ ɰɟɪɢɣ, ɚ ɬɚɤɠɟ ɛɨɥɟɟ ɞɨɪɨɝɨɫɬɨɹɳɢɟ ɢ ɪɟɞɤɢɟ ɦɟɬɚɥɥɵ, ɬɚɤɢɟ ɤɚɤ ɝɚɞɨɥɢɧɢɣ, ɞɢɫɩɪɨ-
ɡɢɣ, ɢɬɬɟɪɛɢɣ, ɝɨɥɶɦɢɣ, ɷɪɛɢɣ ɢ ɫɚɦɚɪɢɣ; 

– ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɩɥɚɜɨɜ ɩɪɢɦɟɧɹɸɬ ɜɵɫɨɤɨɬɟɦɩɟ-
ɪɚɬɭɪɧɭɸ ɬɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ η00 ɞɨ ηγ0  °ɋ ɜ ɬɟɱɟ-
ɧɢɟ 7–10 ɱ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɡɚɤɚɥɤɨɣ ɜ ɝɨɪɹɱɟɣ ɜɨɞɟ ɥɢɛɨ ɜ ɢɧɬɟɧɫɢɜɧɨɦ ɩɨɬɨɤɟ  
ɜɨɡɞɭɯɚ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɫɩɥɚɜɨɜ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɫɬɚɪɟɧɢɟ  
ɜ ɬɟɱɟɧɢɟ ɞɨ β0 ɱ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɯɥɚɠɞɟɧɢɟɦ ɧɚ ɜɨɡɞɭɯɟ.  

ȼ ɬɚɛɥɢɰɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɟ ɢɧɨɫɬɪɚɧɧɵɟ ɪɚɡɪɚɛɨɬɤɢ ɦɚɝɧɢɟɜɵɯ 
ɫɩɥɚɜɨɜ. 

 
Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɪɭɛɟɠɧɵɯ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɨɜ 

ɋɜɨɣɫɬɜɚ 

Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɫɢɫɬɟɦ ɫɩɥɚɜɨɜ ɡɚɪɭɛɟɠɧɵɯ ɤɨɦɩɚɧɢɣ 
Mg–ɊɁɆ–Zn 

(Henan 
University 

Science and 
Technology) 

Mg–Zn–Re  
(Jiangsu Favour 

Automotive  
New Stuff Sci  
Tech Co, Ltd)  

Mg–ɊɁɆ–Zr 
(Dead Sea 

Magnesium) 

Mg–ɊɁɆ–Zr 
(Shanghai 
Jiao Tong 

University) 

ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ 

ɪɚɫɬɹɠɟɧɢɢ ,ı 20
ɜ



 Ɇɉɚ 
270 298 285 300 

ɉɪɟɞɟɥ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ 
,ı250

100



 Ɇɉɚ 110 100 100 – 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɫɩɥɚɦɟɧɟɧɢɹ, °ɋ 700 700 700 700 

 
ȼ Ɋɨɫɫɢɢ ɚɤɬɢɜɧɨ ɜɟɞɭɬɫɹ ɪɚɡɪɚɛɨɬɤɢ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɦɚɝɧɢɹ ɫ ɞɨɩɨɥɧɢɬɟɥɶ-

ɧɵɦ ɥɟɝɢɪɨɜɚɧɢɟɦ ɊɁɆ, ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɵɯ ɜ ɨɫɧɨɜɧɨɦ ɢɫɩɨɥɶɡɭɸɬ ɧɟɨɞɢɦ, ɢɬɬɪɢɣ, ɝɚ-
ɞɨɥɢɧɢɣ, ɞɢɫɩɪɨɡɢɣ ɢ ɥɚɧɬɚɧ. Ɉɞɧɚɤɨ ɩɪɢɦɟɧɟɧɢɟ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɊɁɆ ɡɚɬɪɭɞɧɹɟɬ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟ ɫɩɥɚɜɚ ɜ ɩɪɨɦɵɲɥɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɢɡ-ɡɚ ɜɵɫɨɤɨɣ ɤɨɧɟɱɧɨɣ ɫɬɨɢɦɨɫɬɢ 



ǹеȑȘȖе ȟȝșаȐȩ 

 

 

8                                                                                             ȀǾȁДЫ  ВǶАǺ  №2 (96) 2021    

 

ɢɡɞɟɥɢɹ. Ⱦɨɛɚɜɥɟɧɢɟ ɜ ɫɩɥɚɜ ɊɁɆ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɟɝɨ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɢ 
ɤɨɦɧɚɬɧɨɣ ɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɚ 1η–β0%. ȼ ɨɫɧɨɜɧɨɦ ɪɨɫɫɢɣɫɤɢɟ ɢɡɨɛɪɟɬɚ-
ɬɟɥɢ ɩɚɬɟɧɬɭɸɬ ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦ εР–Zn–Гr ɥɢɛɨ εР–ɊɁɆ–Гr, ɬɚɤ ɤɚɤ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟ ɫɢɫɬɟɦ ɫ ɰɢɪɤɨɧɢɟɦ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɢɬɶ ɦɟɥɤɨɡɟɪɧɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ, 
ɤɪɨɦɟ ɬɨɝɨ, ɰɢɪɤɨɧɢɣ ɜɵɫɬɭɩɚɟɬ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɢɮɢɤɚɬɨɪɚ, ɫɧɢɠɚɸɳɟɝɨ ɜɪɟɞɧɵɟ ɩɪɢɦɟ-
ɫɢ ɜ ɪɚɫɩɥɚɜɟ, ɬɚɤɢɟ ɤɚɤ ɠɟɥɟɡɨ. Ɂɚɪɭɛɟɠɧɵɟ ɪɚɡɪɚɛɨɬɱɢɤɢ ɩɚɬɟɧɬɭɸɬ ɫɩɥɚɜɵ ɧɟ ɬɨɥɶɤɨ 
ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ εР–Zn–Гr, ɧɨ ɢ ɩɪɢɦɟɧɹɸɬ ɫɢɫɬɟɦɭ εР–Al–ГЧ, ɚ ɜ ɤɚɱɟɫɬɜɟ ɥɟɝɢɪɭ-
ɸɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɩɨɦɢɦɨ ɊɁɆ, ɜɜɨɞɹɬ ɜ ɪɚɫɩɥɚɜ ɫɥɟɞɭɸɳɢɟ ɷɥɟɦɟɧɬɵ: ɤɚɥɶɰɢɣ, ɫɟɪɟɛɪɨ 
ɢ ɨɥɨɜɨ. Ɍɚɤɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɫɩɥɚɜɨɜ, ɤɚɤ ɩɪɟɞɟɥ ɩɪɨɱɧɨ-
ɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, ɞɨɫɬɢɝɚɟɬ β90 Ɇɉɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 
ɊɁɆ ɜ ɫɩɥɚɜɚɯ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɢɯ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɞɨ 700 °ɋ. 
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ɂɫɫɥɟɞɨɜɚɧɵ ɞɟɦɩɮɢɪɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢɛɪɢɞɧɵɯ ɫɥɨɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɤɥɚɫ-
ɫɨɜ «ɚɥɸɦɢɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɢ «ɬɢɬɚɧ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɧɚ ɨɫɧɨɜɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɥɢ-
ɫɬɨɜ ɢ ɫɥɨɟɜ ɚɪɚɦɢɞɧɨɝɨ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɭɪɨɜɟɧɶ ɞɟɦɩɮɢɪɭɸɳɢɯ 
ɫɜɨɣɫɬɜ ɝɢɛɪɢɞɧɵɯ ɫɥɨɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜɵɲɟ, ɱɟɦ ɜ ɢɫɯɨɞɧɵɯ ɫɩɥɚɜɚɯ, ɢ ɡɚɜɢɫɢɬ ɨɬ 
ɨɛɴɟɦɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ, ɪɚɫɩɨɥɨɠɟɧɢɹ ɟɝɨ ɫɥɨɟɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɥɨɟɜ 
ɦɟɬɚɥɥɚ, ɚ ɬɚɤɠɟ ɨɬ ɫɯɟɦɵ ɚɪɦɢɪɨɜɚɧɢɹ. Ƚɢɛɪɢɞɧɵɟ ɫɥɨɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ ɹɜɥɹɸɬɫɹ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɚɜɢɚ-
ɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ, ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ ɜɵɫɨɤɢɯ ɜɢɛɪɨɚɤɭɫɬɢɱɟɫɤɢɯ ɧɚɝɪɭɡɤɚɯ. 

Ключевые слова: ɝɢɛɪɢɞɧɵɟ ɫɥɨɢɫɬɵɟ ɦɟɬɚɥɥɨɩɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɚɥɸɦɢɧɢɟɜɵɣ 
ɫɩɥɚɜ, ɬɢɬɚɧɨɜɵɣ ɫɩɥɚɜ, ɚɪɚɦɢɞɧɵɣ ɨɪɝɚɧɨɩɥɚɫɬɢɤ, ɤɨɥɟɛɚɧɢɹ, ɞɟɦɩɮɢɪɨɜɚɧɢɟ. 

 
G.F. Zhelezina1, A.S. Kolobkov1, G.S. Kulagina1, A.Ch. Kan1 
 
DAMPING  PROPERTIES  OF  HYBRID  LAYERED  METAL-POLYMER  
MATERIALS  BASED  ON  ALUMINUM,  TITANIUM  ALLOYS  
AND  ORGANOPLASTICS  LAYERS 
 

The damping characteristics of hybrid layered materials of tСО МХКss «КХЮЦТЧЮЦ–
ШrРКЧШpХКstТМs» КЧН «tТtКЧТЮЦ–ШrРКЧШpХКstТМs» ЛКsОН ШЧ ЦОtКХ sСООts КЧН ХКвОrs ШП КrКЦТН Шr-
ganoplastics are studied. It is shown that the level of damping properties of hybrid layered ma-
terials is higher than that of the initial alloys and depends on the volume content of organoplas-
tics, the location of organoplastics layers relative to metal layers, as well as on the reinforce-
ment scheme. Hybrid layered materials are promising materials for the manufacture of high-
speed aircraft structures operating under high vibroacoustic loads. 

Keywords: hybrid layered metal-polymer materials, aluminum alloy, titanium alloy, aramid 
organoplastics, vibrations, damping. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
State Unitary Enterprise «AХХ-Russian Scientific Research Institute of AvТКЭТШЧ εКЭОrТКХs» State Research 
Center of the Russian Federation]; e-mail: admin@viam.ru 

 
ȼɜɟɞɟɧɢɟ 

ɗɥɟɦɟɧɬɵ ɚɜɢɚɰɢɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɞɜɟɪɝɚɸɬɫɹ 
ɜɨɡɞɟɣɫɬɜɢɸ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɤɨɥɟɛɚɧɢɣ ɢ ɜɢɛɪɚɰɢɣ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɨɛɲɢɜɨɤ ɢ ɞɟɬɚɥɟɣ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɡɨɧɚɯ ɫ ɩɨɜɵɲɟɧɧɵɦ ɭɪɨɜɧɟɦ 
ɜɢɛɪɨɚɤɭɫɬɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ, ɬɪɟɛɭɸɬɫɹ ɦɚɬɟɪɢɚɥɵ, ɫɩɨɫɨɛɧɵɟ ɷɮɮɟɤɬɢɜɧɨ ɝɚɫɢɬɶ ɤɨ-
ɥɟɛɚɧɢɹ ɢ ɫɧɢɠɚɬɶ ɭɪɨɜɟɧɶ ɧɚɩɪɹɠɟɧɢɣ ɞɨ ɛɟɡɨɩɚɫɧɨɝɨ ɡɧɚɱɟɧɢɹ. ɋɨɡɞɚɧɢɟ ɤɨɧɫɬɪɭɤ-
ɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɜɵɫɨɤɢɦɢ ɞɟɦɩɮɢɪɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɫɩɨɫɨɛɧɵɯ ɤ ɪɚɫɫɟɹ-
ɧɢɸ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, – ɜɚɠɧɚɹ ɢ ɚɤɬɭɚɥɶɧɚɹ ɡɚɞɚɱɚ, ɬɚɤ ɤɚɤ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɤɨɪɨɫɬɢ ɢ ɦɚɧɟɜɪɟɧɧɨɫɬɢ ɫɨɜɪɟɦɟɧɧɵɯ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ ɩɨɫɬɨɹɧ-
ɧɨ ɜɨɡɪɚɫɬɚɸɬ, ɚ ɜɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɞɢɧɚɦɢɱɟɫɤɢɟ ɢ ɜɢɛɪɨɚɤɭɫɬɢɱɟɫɤɢɟ 
ɧɚɝɪɭɡɤɢ ɩɪɢ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ Д1–4]. 
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Ɉɞɢɧ ɢɡ ɩɭɬɟɣ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɩɨɜɵɲɟɧɢɹ ɞɟɦɩɮɢɪɭɸɳɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɷɥɟɦɟɧɬɨɜ ɚɜɢɚɰɢɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ – ɷɬɨ ɫɨɡɞɚɧɢɟ ɝɢɛɪɢɞɧɵɯ ɫɥɨɢɫɬɵɯ ɦɟɬɚɥɥɨɩɨ-
ɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɱɟɪɟɞɭɸɳɢɯɫɹ ɫɥɨɟɜ ɦɟɬɚɥɥɚ ɢ ɩɨɥɢɦɟɪɧɨɝɨ ɤɨɦ-
ɩɨɡɢɬɚ (ɫɬɟɤɥɨ-, ɭɝɥɟ- ɢɥɢ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ). ɉɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ, 
ɚɪɦɢɪɨɜɚɧɧɵɟ ɜɵɫɨɤɨɩɪɨɱɧɵɦɢ ɫɬɟɤɥɹɧɧɵɦɢ, ɭɝɥɟɪɨɞɧɵɦɢ ɢ ɚɪɚɦɢɞɧɵɦɢ ɜɨɥɨɤɧɚɦɢ, 
ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɨɫɯɨɞɹɬ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɫɩɥɚɜɵ ɩɨ ɫɩɨɫɨɛɧɨɫɬɢ ɤ ɞɟɦɩɮɢɪɨɜɚɧɢɸ ɦɟ-
ɯɚɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ Дη, θЖ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɫɥɨɢ ɩɨɥɢɦɟɪɧɨɝɨ ɤɨɦɩɨɡɢɬɚ ɜ ɫɨɫɬɚɜɟ 
ɝɢɛɪɢɞɧɨɝɨ ɫɥɨɢɫɬɨɝɨ ɦɟɬɚɥɥɨɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫɩɨɫɨɛɧɵ ɜɵɩɨɥɧɹɬɶ ɮɭɧɤɰɢɸ 
ɞɟɦɩɮɟɪɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɫɥɨɹɦ ɢ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɩɨɜɵɲɟɧɢɸ ɜɢɛɪɨ-
ɚɤɭɫɬɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɫɥɨɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɋɨɡɞɚɧɢɟ ɝɢɛɪɢɞɧɵɯ ɦɟɬɚɥɥɨɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɫɩɥɚɜɨɜ ɢ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɬɨɜ – ɩɟɪɫɩɟɤɬɢɜɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɜ ɚɜɢɚɰɢɨɧɧɨɦ ɦɚɬɟ-
ɪɢɚɥɨɜɟɞɟɧɢɢ, ɩɨɡɜɨɥɹɸɳɟɟ ɪɟɚɥɢɡɨɜɚɬɶ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɤɚɱɟɫɬɜɚ ɪɚɡɧɨɪɨɞɧɵɯ ɤɨɧ-
ɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɦɟɬɚɥɥɚ ɢ ɩɨɥɢɦɟɪɧɨɝɨ ɤɨɦɩɨɡɢɬɚ) ɢ ɪɟɲɢɬɶ ɪɹɞ ɩɪɨɛɥɟɦ, 
ɧɟ ɪɟɲɚɟɦɵɯ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɩɥɚɜɨɜ. 
Ɍɚɤ, ɫɨɱɟɬɚɧɢɟ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɫ ɩɥɚɫɬɢɤɨɦ, ɚɪɦɢɪɨɜɚɧɧɵɦ ɚɪɚɦɢɞɧɵɦɢ ɢɥɢ 
ɫɬɟɤɥɹɧɧɵɦɢ ɜɨɥɨɤɧɚɦɢ, ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɤɚɪɞɢɧɚɥɶɧɨ ɩɨɜɵɫɢɬɶ ɫɬɨɣɤɨɫɬɶ ɦɟɬɚɥɥɢ-
ɱɟɫɤɢɯ ɫɥɨɟɜ ɤ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɭɫɬɚɥɨɫɬɧɵɯ ɬɪɟɳɢɧ Д7–13].  

ȼɨ ɎȽɍɉ «ȼɂȺɆ» ɪɚɡɪɚɛɨɬɚɧɵ ɝɢɛɪɢɞɧɵɟ ɫɥɨɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ ɤɥɚɫɫɚ ȺɅɈɊ, 
ɫɨɫɬɨɹɳɢɟ ɢɡ ɬɨɧɤɢɯ ɥɢɫɬɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ɢ ɫɥɨɟɜ ɜɵɫɨɤɨɩɪɨɱɧɨɝɨ ɨɪɝɚɧɨɩɥɚ-
ɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ ɚɪɚɦɢɞɧɵɯ ɜɨɥɨɤɨɧ Д14, 1ηЖ, ɚ ɬɚɤɠɟ ɫɥɨɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ ɤɥɚɫɫɚ 
ɋɂȺɅ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɥɢɫɬɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ɢ ɫɥɨɟɜ ɫɬɟɤɥɨɩɥɚɫɬɢɤɚ Д4, ηЖ. Ⱦɚɧ-
ɧɵɟ ɝɢɛɪɢɞɧɵɟ ɫɥɨɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ ɢɦɟɸɬ ɜɵɫɨɤɢɟ ɭɫɬɚɥɨɫɬɧɭɸ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɢ 
ɫɬɨɣɤɨɫɬɶ ɤ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɭɫɬɚɥɨɫɬɧɵɯ ɬɪɟɳɢɧ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɩɪɟɢɦɭɳɟ-
ɫɬɜɨɦ ɩɟɪɟɞ ɬɢɩɨɜɵɦɢ ɚɥɸɦɢɧɢɟɜɵɦɢ ɨɛɲɢɜɤɚɦɢ. Ɋɨɫɬ ɭɫɬɚɥɨɫɬɧɵɯ ɬɪɟɳɢɧ ɜ ɨɛɲɢɜ-
ɤɚɯ ɢɡ ɦɚɬɟɪɢɚɥɚ ɤɥɚɫɫɚ ȺɅɈɊ ɩɪɨɢɫɯɨɞɢɬ ɜ η ɪɚɡ ɦɟɞɥɟɧɧɟɟ, ɱɟɦ ɜ ɬɢɩɨɜɵɯ ɚɥɸɦɢɧɢ-
ɟɜɵɯ ɨɛɲɢɜɤɚɯ, ɚ ɚɤɭɫɬɢɱɟɫɤɚɹ ɜɵɧɨɫɥɢɜɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 10 ɪɚɡ Д1θЖ.  

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɩɨɤɚɡɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɝɢɛɪɢɞɧɵɯ ɫɥɨɢɫɬɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɢɧɢɟɜɵɯ ɢ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɩɪɟɜɨɫɯɨɞɹɳɢɯ ɩɨ ɭɪɨɜɧɸ 
ɞɟɦɩɮɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢɫɯɨɞɧɵɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɫɩɥɚɜɵ. ȼ ɫɬɚɬɶɟ ɩɪɢɜɟɞɟɧɵ ɪɟ-
ɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɟɦɩɮɢɪɭɸɳɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɢɛɪɢɞɧɵɯ ɫɥɨɢɫɬɵɯ ɦɟɬɚɥɥɨ-
ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɫɨɫɬɚɜɚ, ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ, ɚ ɬɚɤɠɟ ɨɬ 
ɨɛɴɟɦɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɫɥɨɟɜ ɦɟɬɚɥɥɚ ɢ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ, ɫɯɟɦɵ ɚɪɦɢɪɨɜɚɧɢɹ, ɩɨɪɹɞɤɚ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ ɩɨɥɢɦɟɪɧɵɯ ɫɥɨɟɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ ɢ ɞɪɭɝɢɯ 
ɮɚɤɬɨɪɨɜ. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɝɢɛɪɢɞɧɵɟ ɫɥɨɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ ɞɜɭɯ ɤɥɚɫɫɨɜ – 
«ɚɥɸɦɢɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɢ «ɬɢɬɚɧ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ».  

ɂɫɫɥɟɞɭɟɦɵɣ ɦɚɬɟɪɢɚɥ ɤɥɚɫɫɚ «ɚɥɸɦɢɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɫɨɫɬɨɢɬ ɢɡ ɥɢɫɬɨɜ 
ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ Ⱦ1θɱ.-ȺɌ ɬɨɥɳɢɧɨɣ 0,47 ɦɦ ɢ ɫɥɨɟɜ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɬɨɥɳɢɧɨɣ 
ɨɬ 0,1η ɞɨ 0,4η ɦɦ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɚɪɚɦɢɞɧɨɣ ɬɤɚɧɢ ɦɚɪɤɢ ɋȼɆ ɢ ɤɨɥɢɱɟɫɬɜɚ ɟɟ 
ɫɥɨɟɜ ɜ ɫɥɨɟ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ). ɋɜɨɣɫɬɜɚ ɚɪɦɢɪɭɸɳɢɯ ɚɪɚɦɢɞɧɵɯ ɜɨɥɨɤɨɧ ɋȼɆ ɫɥɟɞɭ-
ɸɳɢɟ: ɩɥɨɬɧɨɫɬɶ 1400 ɤɝ/ɦ3, ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ γ800 Ɇɉɚ ɢ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 
110 Ƚɉɚ.  

ɂɫɫɥɟɞɭɟɦɵɣ ɦɚɬɟɪɢɚɥ ɤɥɚɫɫɚ «ɬɢɬɚɧ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɫɨɫɬɨɢɬ ɢɡ ɥɢɫɬɨɜ ɬɢɬɚ-
ɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌγη ɬɨɥɳɢɧɨɣ 0,4 ɦɦ ɢ ɫɥɨɟɜ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɬɨɥɳɢɧɨɣ 0,β ɦɦ, ɚɪɦɢ-
ɪɨɜɚɧɧɵɯ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɣ ɬɤɚɧɶɸ ɢɡ ɚɪɚɦɢɞɧɵɯ ɜɨɥɨɤɨɧ Ɋɭɫɥɚɧ. ɋɜɨɣɫɬɜɚ ɚɪɚɦɢɞ-
ɧɵɯ ɜɨɥɨɤɨɧ Ɋɭɫɥɚɧ ɫɥɟɞɭɸɳɢɟ: ɩɥɨɬɧɨɫɬɶ 1400 ɤɝ/ɦ3, ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ 
5000 Ɇɉɚ ɢ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 1η0 Ƚɉɚ.  
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Ʌɢɫɬɵ ɝɢɛɪɢɞɧɵɯ ɫɥɨɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ «ɚɥɸɦɢɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɢ «ɬɢɬɚɧ–
ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɦɟɬɨɞɨɦ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɩɚɤɟɬɚ, ɫɨɛɪɚɧɧɨɝɨ 
ɢɡ ɬɨɧɤɢɯ ɥɢɫɬɨɜ ɦɟɬɚɥɥɚ, ɫɥɨɟɜ ɚɪɦɢɪɭɸɳɟɣ ɬɤɚɧɢ (ɪɚɜɧɨɩɪɨɱɧɨɣ ɢɥɢ ɨɞɧɨɧɚɩɪɚɜ-
ɥɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ) ɢ ɫɥɨɟɜ ɤɥɟɟɜɨɣ ɩɥɟɧɤɢ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɤɚɱɟɫɬɜɟ ɩɨɥɢɦɟɪɧɨɝɨ ɫɜɹ-
ɡɭɸɳɟɝɨ. Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɤɥɚɫɫɚ «ɚɥɸɦɢɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɢɫɩɨɥɶɡɨɜɚ-
ɥɢ ɤɥɟɟɜɭɸ ɩɥɟɧɤɭ ȼɄ-41 (ɧɚ ɨɫɧɨɜɟ ɷɩɨɤɫɢɞɧɵɯ ɫɦɨɥ ɢ ɧɢɬɪɢɥɶɧɨɝɨ ɤɚɭɱɭɤɚ), ɨɬɜɟɪ-
ɠɞɚɟɦɭɸ ɩɪɢ ɞɨɩɭɫɬɢɦɨɦ ɞɥɹ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ɧɚɝɪɟɜɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 1β0 °ɋ. 
ȼ ɫɨɫɬɚɜ ɦɚɬɟɪɢɚɥɚ ɤɥɚɫɫɚ «ɬɢɬɚɧ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɜɯɨɞɢɬ ɷɩɨɤɫɢɫɭɥɶɮɨɧɨɜɚɹ ɤɥɟɟɜɚɹ 
ɩɥɟɧɤɚ ȼɄ-γθ, ɨɬɜɟɪɠɞɚɟɦɚɹ ɩɪɢ ɧɚɝɪɟɜɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 170 °ɋ, ɱɬɨ ɞɨɩɭɫɬɢɦɨ ɞɥɹ 
ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ-35. 

Ʌɢɫɬɵ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ Ⱦ1θɱ.-ȺɌ (ɫɟɪɢɣɧɵɟ) ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɨɞɜɟɪɝɚɥɢ 
ɚɧɨɞɧɨɦɭ ɨɤɢɫɥɟɧɢɸ ɜ ɯɪɨɦɨɜɨɤɢɫɥɨɬɧɨɦ ɷɥɟɤɬɪɨɥɢɬɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɢɯ ɤɨɪɪɨɡɢ-
ɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɢ ɩɨɜɵɲɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɚɞɝɟɡɢɨɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɨ ɫɥɨɟɦ ɨɪɝɚɧɨ-
ɩɥɚɫɬɢɤɚ. 

Ʌɢɫɬɵ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ-γη ɬɨɥɳɢɧɨɣ 0,4 ɦɦ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɢɡ ɩɨɞɤɚɬɚ 
ɬɨɥɳɢɧɨɣ β,γ–β,η ɦɦ ɩɭɬɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɬɟɩɥɨɣ ɢ ɯɨɥɨɞɧɨɣ ɩɪɨɤɚɬɨɤ, ɫɨɜɟɪɲɚɟ-
ɦɵɯ ɡɚ ɧɟɫɤɨɥɶɤɨ ɩɪɨɯɨɞɨɜ. ɋ ɰɟɥɶɸ ɭɩɪɨɱɧɟɧɢɹ ɬɨɧɤɢɯ ɥɢɫɬɨɜ ɢ ɢɫɤɥɸɱɟɧɢɹ ɢɯ ɤɨ-
ɪɨɛɥɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɭ. Ɍɢɬɚɧɨɜɵɟ ɥɢɫɬɵ ɩɨɞ ɫɤɥɟɣɤɭ ɩɨɞɝɨɬɚɜɥɢɜɚɥɢ 
ɩɭɬɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɚɤɬɢɜɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɪɚɫɬɜɨɪɚɯ ɚɡɨɬɧɨɣ ɢ ɩɥɚɜɢɤɨɜɨɣ 
ɤɢɫɥɨɬ, ɟɟ ɨɛɪɚɛɨɬɤɢ ɜ ɪɚɫɬɜɨɪɟ ɳɟɥɨɱɢ ɢ ɩɪɨɦɵɜɤɢ ɜ ɜɨɞɟ.  

Ɉɛɪɚɡɰɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɢɡ ɥɢ-
ɫɬɨɜ ɝɢɛɪɢɞɧɵɯ ɫɥɨɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɦɟɬɨɞɨɦ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ.  

Ⱦɟɦɩɮɢɪɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢɛɪɢɞɧɵɯ ɫɥɨɢɫɬɵɯ ɦɟɬɚɥɥɨɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢ-
ɚɥɨɜ ɢ ɢɯ ɤɨɦɩɨɧɟɧɬɨɜ (ɦɟɬɚɥɥɚ ɢ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ) ɢɫɫɥɟɞɨɜɚɥɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɤɨ-
ɥɟɛɚɧɢɣ: ɤɪɭɬɢɥɶɧɵɯ, ɩɨɩɟɪɟɱɧɵɯ ɢɡɝɢɛɧɵɯ ɢ ɩɪɨɞɨɥɶɧɵɯ. Ɍɚɧɝɟɧɫ ɭɝɥɚ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɩɨɬɟɪɶ (ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ) ɢ ɞɢɧɚɦɢɱɟɫɤɢɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɨɩɪɟɞɟɥɹ-
ɥɢ ɦɟɬɨɞɚɦɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɨ ȽɈɋɌ Ɋ ηθ801–β01η (ɤɨɥɟɛɚɧɢɹ 
ɩɪɨɞɨɥɶɧɵɟ), ȽɈɋɌ Ɋ ηθ80β–β01η (ɤɨɥɟɛɚɧɢɹ ɤɪɭɬɢɥɶɧɵɟ) ɢ ȽɈɋɌ Ɋ ηθ80γ–β01η (ɤɨɥɟɛɚ-
ɧɢɹ ɢɡɝɢɛɚ). 

Ⱦɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɞɟɦɩɮɢɪɭɸɳɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɬɚɧɝɟɧɫ ɭɝɥɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ (tgį), ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ 
ɞɟɤɪɟɦɟɧɬ ɡɚɬɭɯɚɧɢɹ ɤɨɥɟɛɚɧɢɣ (λ) ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɷɧɟɪɝɢɢ 
(Ω). Ɍɚɧɝɟɧɫ ɭɝɥɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɫɜɹɡɚɧ ɫ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɦ ɞɟɤɪɟɦɟɧɬɨɦ ɱɟɪɟɡ 
ɜɵɪɚɠɟɧɢɟ ЭРįзλ/π. 

ȿɫɥɢ ɜɟɥɢɱɢɧɚ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɝɨ ɞɟɤɪɟɦɟɧɬɚ ɡɚɬɭɯɚɧɢɹ ɤɨɥɟɛɚɧɢɣ ɧɟɜɟɥɢɤɚ 
(ɱɬɨ ɫɜɨɣɫɬɜɟɧɧɨ ɚɥɸɦɢɧɢɟɜɵɦ ɢ ɬɢɬɚɧɨɜɵɦ ɫɩɥɚɜɚɦ), ɦɟɠɞɭ ɧɢɦ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 
ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɷɧɟɪɝɢɢ ɢɦɟɟɬ ɦɟɫɬɨ ɡɚɜɢɫɢɦɨɫɬɶ λ=βΩ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɞɟɦɩɮɢɪɨɜɚɧɢɟ ɤɨɥɟɛɚɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɫɟɢɜɚɧɢɹ 
ɷɧɟɪɝɢɢ, ɡɚɬɪɚɱɢɜɚɟɦɨɣ ɧɚ ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ ɦɚɬɟɪɢɚɥɚ, ɟɝɨ ɫɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ ɢ 
ɪɚɡɨɝɪɟɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ. ɉɪɨɰɟɫɫ ɪɚɫɫɟɹɧɢɹ ɷɧɟɪɝɢɢ ɜ ɝɢɛɪɢɞɧɵɯ 
ɫɥɨɢɫɬɵɯ ɦɟɬɚɥɥɨɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɚɯ ɩɪɨɢɫɯɨɞɢɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜ ɫɥɨɹɯ ɦɟɬɚɥɥɚ, 
ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɟ ɢ ɚɪɦɢɪɭɸɳɢɯ ɜɨɥɨɤɧɚɯ, ɚ ɬɚɤɠɟ ɧɚ ɜɧɭɬɪɟɧɧɢɯ ɝɪɚɧɢɰɚɯ ɪɚɡɞɟɥɚ 
ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɫ ɦɟɬɚɥɥɨɦ ɢ ɜɨɥɨɤɧɨɦ Д17–21]. 

ɋɩɨɫɨɛɧɨɫɬɶ ɝɢɛɪɢɞɧɵɯ ɫɥɨɢɫɬɵɯ ɦɟɬɚɥɥɨɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɤ ɪɚɫɫɟɹɧɢɸ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ: ɫɜɨɣɫɬɜ ɢ ɨɛɴɟɦɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ 
ɫɥɨɟɜ ɦɟɬɚɥɥɚ ɢ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ, ɫɯɟɦɵ ɚɪɦɢɪɨɜɚɧɢɹ ɫɥɨɟɜ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ, ɩɨɪɹɞɤɚ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ ɩɨɥɢɦɟɪɧɵɯ ɫɥɨɟɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ ɢ ɬ. ɞ.  

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɬɚɧɝɟɧɫɚ ɭɝɥɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ 
ɝɢɛɪɢɞɧɨɝɨ ɫɥɨɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɤɥɚɫɫɚ «ɚɥɸɦɢɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɢ ɟɝɨ ɤɨɦɩɨɧɟɧɬɨɜ 
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(ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ Ⱦ1θɱ.-ȺɌ, ɚɪɚɦɢɞɧɨɝɨ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ ɬɤɚɧɢ ɋȼɆ ɢ ɩɨ-
ɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ȼɄ-41) ɦɟɬɨɞɨɦ ɫɜɨɛɨɞɧɵɯ ɤɪɭɬɢɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ ɩɪɢ ɱɚɫɬɨɬɟ 1 Ƚɰ.  
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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɚɧɝɟɧɫɚ ɭɝɥɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɩɨɥɢɦɟɪɧɨɣ 

ɦɚɬɪɢɰɵ ȼɄ-41 (1), ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ ɬɤɚɧɢ ɋȼɆ ɢ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ȼɄ-41 (2), 
ɚ ɬɚɤɠɟ ɞɥɹ ɩɹɬɢɫɥɨɣɧɨɝɨ ɝɢɛɪɢɞɧɨɝɨ ɫɥɨɢɫɬɨɝɨ ɦɟɬɚɥɥɨɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɤɥɚɫɫɚ 
«ɚɥɸɦɢɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» (3) ɢ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ Ⱦ1θɱ.-ȺɌ (4) 
 

Ɂɧɚɱɟɧɢɹ ɬɚɧɝɟɧɫɚ ɭɝɥɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɦɚɬɟɪɢɚɥɚ ɤɥɚɫɫɚ «ɚɥɸɦɢɧɢɣ–
ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɢ ɟɝɨ ɤɨɦɩɨɧɟɧɬɨɜ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɵɬɚɧɢɣ. ɉɢɤɨɜɵɟ ɡɧɚɱɟ-
ɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɜ ɞɚɧɧɨɦ ɦɚɬɟɪɢɚɥɟ ɧɚɛɥɸɞɚɸɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɢɯ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɚɦ, ɩɪɨɢɫɯɨɞɹɳɢɦ ɜ ɫɥɨɹɯ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ. ɉɪɢ ɬɟɦɩɟɪɚ-
ɬɭɪɟ з8η °ɋ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ȼɄ-41 ɢɡ ɫɬɟɤɥɨɨɛɪɚɡɧɨɝɨ ɜ ɜɵ-
ɫɨɤɨɷɥɚɫɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ. ɉɢɤ ɬɚɧɝɟɧɫɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
~250 °ɋ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɡɦɟɧɟɧɢɹɦ ɧɚɞɦɨɥɟɤɭɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɵ ɚɪɚɦɢɞɧɵɯ ɚɪɦɢɪɭɸ-
ɳɢɯ ɜɨɥɨɤɨɧ. Ⱦɥɹ ɫɥɨɟɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ɡɚɜɢɫɢɦɨɫɬɶ ɬɚɧɝɟɧɫɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨ-
ɬɟɪɶ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ, ɱɟɦ ɞɥɹ ɫɥɨɟɜ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ. 
ɂɡɦɟɧɟɧɢɟ ɬɚɧɝɟɧɫɚ ɭɝɥɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
>200 °ɋ ɫɜɹɡɚɧɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫ ɩɪɨɰɟɫɫɚɦɢ ɜɹɡɤɨɝɨ ɫɤɨɥɶɠɟɧɢɹ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ ɜ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ ɫɩɥɚɜɚ. 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɬɚɧɝɟɧɫɚ ɭɝɥɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ 
ɦɚɬɟɪɢɚɥɚ ɤɥɚɫɫɚ «ɚɥɸɦɢɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ», ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ɢ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɜ ɫɥɨɢɫɬɨɦ ɝɢɛɪɢɞɧɨɦ ɦɚɬɟɪɢɚɥɟ ɜ β,η–γ,0 ɪɚɡɚ 
ɛɨɥɶɲɟ, ɱɟɦ ɜ ɚɥɸɦɢɧɢɟɜɨɦ ɫɩɥɚɜɟ Ⱦ1θɱ.-ȺɌ. ɉɨɜɵɲɟɧɧɚɹ ɞɟɦɩɮɢɪɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 
ɬɚɤɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɥɸɦɢɧɢɟɜɵɦ ɫɩɥɚɜɨɦ Ⱦ1θɱ.-ȺɌ, ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ 
ɫɥɨɢɫɬɨɫɬɢ ɫɬɪɭɤɬɭɪɵ ɝɢɛɪɢɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɧɚɥɢɱɢɹ ɜɧɭɬɪɟɧɧɢɯ ɝɪɚɧɢɰ ɪɚɡɞɟɥɚ ɢ ɷɮ-
ɮɟɤɬɢɜɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ ɫɥɨɹɦɢ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɪɨɥɢ ɜɧɭɬɪɟɧɧɟɝɨ ɞɟɦɩɮɟɪɚ ɤɨɥɟɛɚɧɢɣ. 

Ⱦɟɦɩɮɢɪɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɝɢɛɪɢɞɧɨɝɨ ɫɥɨɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɤɥɚɫɫɚ «ɚɥɸɦɢ-
ɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɨɛɴɟɦɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ – 
ɤɨɦɩɨɧɟɧɬɚ, ɜ ɤɨɬɨɪɨɦ ɪɚɫɫɟɹɧɢɟ ɷɧɟɪɝɢɢ ɤɨɥɟɛɚɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɧɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ. 
ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɧɚ ɪɢɫ. β ɩɨɤɚɡɚɧɨ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɫɟɹɧɢɹ ɷɧɟɪɝɢɢ ɩɪɨɞɨɥɶ-
ɧɵɯ ɤɨɥɟɛɚɧɢɣ ɞɚɧɧɨɝɨ ɝɢɛɪɢɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜɨɡɪɚɫɬɚɟɬ ɫ 0,0β ɞɨ 0,0η ɨɬɧ. ɟɞ. ɫ ɭɜɟ-
ɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɜ ɦɚɬɟɪɢɚɥɟ ɫ 14 ɞɨ γ9% (ɨɛɴɟɦɧ.). 
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ɋɨɞɟɪɠɚɧɢɟ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ, % (ɨɛɴɟɦɧ.)

1

2

▬ ɚɥɸɦɢɧɢɟɜɵɣ ɫɩɥɚɜ; ● − ɦɨɧɨɫɥɨɣ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ  
 

Ɋɢɫ. β. Ɂɚɜɢɫɢɦɨɫɬɶ ɞɟɦɩɮɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɝɢɛɪɢɞɧɨɝɨ ɫɥɨɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɤɥɚɫɫɚ 
«ɚɥɸɦɢɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɨɬ ɨɛɴɟɦɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɩɪɢ ɩɪɨɞɨɥɶɧɵɯ (1) 
ɢ ɩɨɩɟɪɟɱɧɵɯ ɢɡɝɢɛɧɵɯ ɤɨɥɟɛɚɧɢɹɯ (2) 
 

ɇɚ ɞɟɦɩɮɢɪɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɝɢɛɪɢɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɤɥɚɫɫɚ «ɚɥɸɦɢɧɢɣ–
ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɟ ɬɨɥɶɤɨ ɨɛɴɟɦɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ, ɧɨ 
ɢ ɩɨɪɹɞɨɤ ɟɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɥɨɟɜ ɦɟɬɚɥɥɚ. ɇɚ ɪɢɫ. γ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ 
ɩɨɩɟɪɟɱɧɵɯ ɢɡɝɢɛɧɵɯ ɤɨɥɟɛɚɧɢɹɯ ɝɢɛɪɢɞɧɨɝɨ ɫɥɨɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚɢɦɟɧɶɲɟɟ ɪɚɫɫɟ-
ɹɧɢɟ ɷɧɟɪɝɢɢ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɫɥɨɟɜ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɜ ɫɪɟɞɢɧɧɨɣ ɩɥɨɫ-
ɤɨɫɬɢ. Ʌɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ ɤɨɥɟɛɚɧɢɣ ɞɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɭɜɟɥɢ-
ɱɢɜɚɟɬɫɹ ɜ γ,η ɪɚɡɚ ɩɪɢ ɪɚɡɧɟɫɟɧɢɢ ɫɥɨɟɜ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɪɟɞɢɧɧɨɣ 
ɩɥɨɫɤɨɫɬɢ ɢ ɩɪɢ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɢ ɧɚ ɜɧɟɲɧɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɦɚɬɟɪɢɚɥɚ. ɉɪɢ ɩɪɨɞɨɥɶ-
ɧɵɯ ɤɨɥɟɛɚɧɢɹɯ ɡɚɜɢɫɢɦɨɫɬɶ ɞɟɦɩɮɢɪɭɸɳɢɯ ɫɜɨɣɫɬɜ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɥɨɟɜ ɨɪɝɚɧɨ-
ɩɥɚɫɬɢɤɚ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. 
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▬ ɚɥɸɦɢɧɢɟɜɵɣ ɫɩɥɚɜ; ● − ɦɨɧɨɫɥɨɣ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ
 

 

Ɋɢɫ. γ. ȼɥɢɹɧɢɟ ɫɯɟɦɵ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɥɨɟɜ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɬɨɥɳɢɧɨɣ 0,1η ɦɦ ɢ ɚɥɸɦɢɧɢɟ-
ɜɨɝɨ ɫɩɥɚɜɚ Ⱦ1θɱ.-ȺɌ ɬɨɥɳɢɧɨɣ 0,47 ɦɦ ɧɚ ɞɟɦɩɮɢɪɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɤɥɚɫɫɚ 
«ɚɥɸɦɢɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɩɪɢ ɢɡɝɢɛɧɵɯ ɢ ɩɪɨɞɨɥɶɧɵɯ ɤɨɥɟɛɚɧɢɹɯ 
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Ƚɢɛɪɢɞɧɵɦ ɦɟɬɚɥɥɨɩɨɥɢɦɟɪɧɵɦ ɦɚɬɟɪɢɚɥɚɦ, ɤɚɤ ɢ ɚɪɦɢɪɨɜɚɧɧɵɦ ɩɨɥɢɦɟɪ-
ɧɵɦ ɤɨɦɩɨɡɢɬɚɦ, ɫɜɨɣɫɬɜɟɧɧɚ ɚɧɢɡɨɬɪɨɩɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ [22, 23]. 
ɍɩɪɭɝɨ-ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɝɢɛɪɢɞɧɵɯ ɦɟɬɚɥɥɨɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɤɥɚɫɫɨɜ 
«ɚɥɸɦɢɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ», «ɚɥɸɦɢɧɢɣ–ɭɝɥɟɩɥɚɫɬɢɤ» ɢ «ɚɥɸɦɢɧɢɣ–ɫɬɟɤɥɨɩɥɚɫɬɢɤ» 
ɡɚɜɢɫɹɬ ɨɬ ɬɢɩɚ ɚɪɦɢɪɨɜɚɧɢɹ (ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɟ, ɩɟɪɟɤɪɟɫɬɧɨɟ ɢ ɞɪ.), ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɚɪɦɢɪɭɸɳɢɯ ɜɨɥɨɤɨɧ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɩɪɚɜɥɟɧɢɸ ɞɟɣɫɬɜɭɸɳɢɯ ɧɚɝɪɭɡɨɤ ɢ ɞɪ. Дβ4Ж. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɥɢ, ɤɚɤ ɩɪɨɹɜɥɹɟɬɫɹ ɚɧɢɡɨɬɪɨɩɢɹ ɝɢɛɪɢɞɧɨɝɨ ɫɥɨɢ-
ɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɤɥɚɫɫɚ «ɚɥɸɦɢɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ 
(ɪɚɫɩɨɥɨɠɟɧɢɟ ɜɫɟɯ ɚɪɦɢɪɭɸɳɢɯ ɜɨɥɨɤɨɧ ɜ ɫɥɨɹɯ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɫɨɜɩɚɞɚɟɬ ɫ ɧɚɩɪɚɜ-
ɥɟɧɢɟɦ ɩɪɨɤɚɬɚ ɥɢɫɬɨɜ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ Ⱦ1θɱ.-ȺɌ) ɜ ɨɬɧɨɲɟɧɢɢ ɞɟɦɩɮɢɪɭɸɳɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ɂɫɩɵɬɚɧɢɹ ɜɵɩɨɥɧɹɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɩɨɩɟɪɟɱɧɵɯ ɤɨɥɟɛɚɧɢɣ 
ɩɪɢ ɭɪɨɜɧɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɟɮɨɪɦɚɰɢɢ 0,1%. ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɥɨɝɚ-
ɪɢɮɦɢɱɟɫɤɨɝɨ ɞɟɤɪɟɦɟɧɬɚ ɡɚɬɭɯɚɧɢɹ ɤɨɥɟɛɚɧɢɣ ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɨɬ 
ɭɝɥɚ ɚɪɦɢɪɨɜɚɧɢɹ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɭɝɥɚ ɚɪɦɢɪɨɜɚɧɢɹ ɨɬ 0 ɞɨ 4η ɝɪɚɞɭɫɨɜ ɥɨɝɚɪɢɮɦɢɱɟ-
ɫɤɢɣ ɞɟɤɪɟɦɟɧɬ ɡɚɬɭɯɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɤɥɚɫɫɚ «ɚɥɸɦɢɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
ɜ γ,η ɪɚɡɚ, ɚ ɡɚɬɟɦ ɟɝɨ ɜɟɥɢɱɢɧɚ ɦɨɧɨɬɨɧɧɨ ɫɧɢɠɚɟɬɫɹ. ɉɪɢ ɭɝɥɟ ɚɪɦɢɪɨɜɚɧɢɹ 90 ɝɪɚɞɭ-
ɫɨɜ ɜɟɥɢɱɢɧɚ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɝɨ ɞɟɤɪɟɦɟɧɬɚ ɨɫɬɚɟɬɫɹ ɜ β,η ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɩɪɢ ɭɝɥɟ 
ɚɪɦɢɪɨɜɚɧɢɹ 0 ɝɪɚɞɭɫɨɜ. 
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Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɝɨ ɞɟɤɪɟɦɟɧɬɚ ɡɚɬɭɯɚɧɢɹ ɤɨɥɟɛɚɧɢɣ (1) ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ (2) ɝɢɛɪɢɞɧɨɝɨ ɫɥɨɢɫɬɨɝɨ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɤɥɚɫɫɚ «ɚɥɸɦɢɧɢɣ–
ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɜɵɪɟɡɤɢ ɨɛɪɚɡɰɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɩɪɚɜɥɟɧɢɸ ɚɪɦɢɪɨɜɚɧɢɹ 

 
ȼ ɬɚɛɥ. 1 ɩɪɢɜɟɞɟɧɵ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɝɢɛɪɢɞɧɨɝɨ ɫɥɨɢɫɬɨɝɨ ɦɟ-

ɬɚɥɥɨɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɤɥɚɫɫɚ «ɚɥɸɦɢɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɢ ɟɝɨ ɤɨɦɩɨɧɟɧɬɨɜ – 
ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ Ⱦ1θɱ.-ȺɌ ɢ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ. 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɦɢ ɫɬɪɭɤɬɭɪɧɵɦɢ 
ɮɚɤɬɨɪɚɦɢ, ɜɥɢɹɸɳɢɦɢ ɧɚ ɭɪɨɜɟɧɶ ɞɟɦɩɮɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɝɢɛɪɢɞɧɨɝɨ ɫɥɨɢɫɬɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɤɥɚɫɫɚ «ɚɥɸɦɢɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ», ɹɜɥɹɸɬɫɹ ɨɛɴɟɦɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɫɥɨɟɜ 
ɦɟɬɚɥɥɚ ɢ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ, ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɥɨɟɜ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɥɨɟɜ ɦɟ-
ɬɚɥɥɚ, ɚ ɬɚɤɠɟ ɫɯɟɦɚ ɚɪɦɢɪɨɜɚɧɢɹ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɞɟɣɫɬɜɭɸɳɢɯ ɧɚɝɪɭɡɨɤ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɚɪɦɢɪɭɸɳɢɯ ɜɨɥɨɤɨɧ. Ⱦɟɦɩɮɢɪɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɡɚɜɢɫɹɬ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɨɫɬɢɝɚɸɬ ɩɢɤɨɜɵɯ ɡɧɚɱɟɧɢɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ  
ɜ ɫɥɨɹɯ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ. 
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Ɍɚɛɥɢɰɚ 1 
Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɝɢɛɪɢɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɤɥɚɫɫɚ 
«ɚɥɸɦɢɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ», ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ Ⱦ16ɱ.-ȺɌ  

ɢ ɩɟɪɟɤɪɟɫɬɧɨ-ɚɪɦɢɪɨɜɚɧɧɨɝɨ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ 
Ɇɚɬɟɪɢɚɥ ɋɨɫɬɚɜ ɢ ɫɬɪɭɤɬɭɪɚ ɉɥɨɬ-

ɧɨɫɬɶ, 
ɤɝ/ɦ3 

ɉɪɨɱ-
ɧɨɫɬɶ ɩɪɢ 
ɪɚɫɬɹɠɟ-
ɧɢɢ, Ɇɉɚ 

Ɇɨɞɭɥɶ 
ɭɩɪɭɝɨ-
ɫɬɢ, Ƚɉɚ 

Ʌɨɝɚɪɢɮ-
ɦɢɱɟɫɤɢɣ ɞɟɤɪɟ-
ɦɟɧɬ ɡɚɬɭɯɚɧɢɹ 
ɤɨɥɟɛɚɧɢɣ 

Ƚɢɛɪɢɞɧɵɣ ɫɥɨ-
ɢɫɬɵɣ ɦɚɬɟɪɢɚɥ  
ɤɥɚɫɫɚ  
«ɚɥɸɦɢɧɢɣ–
ɨɪɝɚɧɨɩɥɚɫɬɢɤ»  

γ ɥɢɫɬɚ ɢɡ ɫɩɥɚɜɚ Ⱦ1θɱ.-ȺɌ 
ɬɨɥɳɢɧɨɣ ɩɨ 0,47 ɦɦ  
ɢ β ɫɥɨɹ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ  
ɩɨ 0,1η ɦɦ ɧɚ ɨɫɧɨɜɟ ɬɤɚɧɢ 
ɋȼɆ ɢ ɫɜɹɡɭɸɳɟɝɨ ȼɄ-41 

2520 490 62 0,025 

β ɥɢɫɬɚ ɢɡ ɫɩɥɚɜɚ Ⱦ1θɱ.-ȺɌ 
ɬɨɥɳɢɧɨɣ ɩɨ 0,47 ɦɦ  
ɢ 1 ɫɥɨɣ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ 
0,1η ɦɦ ɧɚ ɨɫɧɨɜɟ ɬɤɚɧɢ 
ɋȼɆ ɢ ɫɜɹɡɭɸɳɟɝɨ ȼɄ-41 

2590 480 63 0,021 

Ⱥɥɸɦɢɧɢɟɜɵɣ 
ɫɩɥɚɜ Ⱦ1θɱ.-ȺɌ 

Ʌɢɫɬ ɬɨɥɳɢɧɨɣ 0,47 ɦɦ  2780 440 69 0,0065 

ɉɟɪɟɤɪɟɫɬɧɨ-
ɚɪɦɢɪɨɜɚɧɧɵɣ 
ɨɪɝɚɧɨɩɥɚɫɬɢɤ 

Ⱥɪɦɢɪɭɸɳɢɣ ɧɚɩɨɥɧɢɬɟɥɶ: 
ɪɚɜɧɨɩɪɨɱɧɚɹ ɬɤɚɧɶ ɋȼɆ; 
ɫɜɹɡɭɸɳɟɟ ȼɄ-41 

1350 700 30 0,036 

ɉɪɢɦɟɱɚɧɢɟ. ɉɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɭɩɪɭɝɨ-ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɝɢɛɪɢɞɧɨɝɨ ɫɥɨɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɤɥɚɫɫɚ «ɚɥɸɦɢɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɢ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɞɥɹ ɨɛɪɚɡɰɨɜ, ɜɵɪɟɡɚɧɧɵɯ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɚɪɦɢ-
ɪɨɜɚɧɢɹ. 

 
ɂɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɩɥɚɜɨɜ ɯɚɪɚɤɬɟɪɧɚ ɬɟɧɞɟɧɰɢɹ ɫɧɢɠɟɧɢɹ 

ɞɟɦɩɮɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɠɟɫɬɤɨɫɬɢ ɢ ɩɪɨɱɧɨɫɬɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 
ɩɪɨɛɥɟɦɚ ɨɛɟɫɩɟɱɟɧɢɹ ɫɬɨɣɤɨɫɬɢ ɤ ɜɢɛɪɨɚɤɭɫɬɢɱɟɫɤɢɦ ɧɚɝɪɭɡɤɚɦ ɢ ɫɧɢɠɟɧɢɹ ɞɢɧɚ-
ɦɢɱɟɫɤɨɣ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɚ ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɚɜɢɚɰɢɨɧɧɵɯ ɤɨɧɫɬɪɭɤ-
ɰɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ ɢɡ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɢɦɢ ɭɩɪɭɝɨ-
ɩɪɨɱɧɨɫɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. Ƚɢɛɪɢɞɧɵɟ ɫɥɨɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ ɤɥɚɫɫɚ «ɬɢɬɚɧ–
ɭɝɥɟɩɥɚɫɬɢɤ» ɢɦɟɸɬ ɩɪɟɢɦɭɳɟɫɬɜɚ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɢɬɚɧɨɜɵɦɢ ɫɩɥɚɜɚɦɢ, ɩɨ ɩɥɨɬ-
ɧɨɫɬɢ ɢ ɜɹɡɤɨɫɬɢ ɪɚɡɪɭɲɟɧɢɹ Дβ4, βηЖ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɥɢ ɜɨɡɦɨɠɧɨɫɬɶ  
ɩɨɜɵɲɟɧɢɹ ɞɟɦɩɮɢɪɭɸɳɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɩɭɬɟɦ ɢɯ ɫɨɱɟɬɚɧɢɹ ɫ 
ɜɵɫɨɤɨɩɪɨɱɧɵɦ ɚɪɚɦɢɞɧɵɦ ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɦ ɜ ɫɨɫɬɚɜɟ ɝɢɛɪɢɞɧɨɝɨ ɫɥɨɢɫɬɨɝɨ ɦɟɬɚɥ-
ɥɨɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ.  

ȼ ɬɚɛɥ. β ɩɪɟɞɫɬɚɜɥɟɧɵ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɝɢɛɪɢɞɧɨɝɨ ɫɥɨɢɫɬɨɝɨ 
ɦɟɬɚɥɥɨɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɤɥɚɫɫɚ «ɬɢɬɚɧ–ɭɝɥɟɩɥɚɫɬɢɤ», ɫɨɫɬɨɹɳɟɝɨ ɢɡ γ ɥɢɫɬɨɜ 
ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ-γη ɬɨɥɳɢɧɨɣ 0,4 ɦɦ, ɚ ɬɚɤɠɟ ɢɡ β ɫɥɨɟɜ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨ-
ɜɟ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɣ ɬɤɚɧɢ ɢɡ ɚɪɚɦɢɞɧɨɝɨ ɜɨɥɨɤɧɚ Ɋɭɫɥɚɧ ɢ ɷɩɨɤɫɢɫɭɥɶɮɨɧɨɜɨɝɨ 
ɫɜɹɡɭɸɳɟɝɨ ȼɄ-γθ. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɫɜɨɣɫɬɜɚ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ-γη ɢ 
ɚɪɚɦɢɞɧɨɝɨ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɫɨɫɬɚɜɟ ɝɢɛɪɢɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ʌɨɝɚ-
ɪɢɮɦɢɱɟɫɤɢɣ ɞɟɤɪɟɦɟɧɬ ɡɚɬɭɯɚɧɢɹ ɤɨɥɟɛɚɧɢɣ ɭ ɝɢɛɪɢɞɧɨɝɨ ɫɥɨɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɤɥɚɫɫɚ «ɬɢɬɚɧ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɜ γ,4 ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɭ ɢɫɯɨɞɧɨɝɨ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ, 
ɩɪɢ ɨɛɴɟɦɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɦɟɬɚɥɥɚ ɢ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ 7η:βη. 

ɇɚ ɪɢɫ. η ɜ ɨɛɨɛɳɟɧɧɨɦ ɜɢɞɟ ɩɨɤɚɡɚɧɵ ɞɟɦɩɮɢɪɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɧ-
ɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ: ɬɢɩɨɜɵɯ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ (ɫɬɟɤɥɨ-, ɭɝɥɟ- ɢ ɨɪɝɚɧɨɩɥɚɫɬɢɤ), ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɚɜɢɚɰɢɨɧɧɵɯ ɫɩɥɚɜɨɜ ɢ 
ɝɢɛɪɢɞɧɵɯ ɫɥɨɢɫɬɵɯ ɦɟɬɚɥɥɨɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 
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Ɍɚɛɥɢɰɚ 2 
Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɝɢɛɪɢɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɤɥɚɫɫɚ «ɬɢɬɚɧ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ»,  

ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ-35 ɢ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɝɨ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ 

Ɇɚɬɟɪɢɚɥ ɋɨɫɬɚɜ ɢ ɫɬɪɭɤɬɭɪɚ 

ɉɥɨɬ-
ɧɨɫɬɶ, 
ɤɝ/ɦ3 

ɉɪɨɱ-
ɧɨɫɬɶ ɩɪɢ 
ɪɚɫɬɹɠɟ-
ɧɢɢ, Ɇɉɚ 

Ɇɨɞɭɥɶ 
ɭɩɪɭɝɨ-
ɫɬɢ, Ƚɉɚ 

Ʌɨɝɚɪɢɮɦɢɱɟ-
ɫɤɢɣ ɞɟɤɪɟɦɟɧɬ 
ɡɚɬɭɯɚɧɢɹ ɤɨɥɟ-

ɛɚɧɢɣ 
Ƚɢɛɪɢɞɧɵɣ ɫɥɨ-
ɢɫɬɵɣ ɦɚɬɟɪɢɚɥ  
ɤɥɚɫɫɚ «ɬɢɬɚɧ–
ɨɪɝɚɧɨɩɥɚɫɬɢɤ» 

γ ɥɢɫɬɚ ɢɡ ɫɩɥɚɜɚ ȼɌ-35 
ɬɨɥɳɢɧɨɣ ɩɨ 0,4 ɦɦ  
ɢ β ɫɥɨɹ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ  
ɩɨ 0,β ɦɦ ɧɚ ɨɫɧɨɜɟ ɨɞɧɨɧɚ-
ɩɪɚɜɥɟɧɧɨɣ ɬɤɚɧɢ Ɋɭɫɥɚɧ  
ɢ ɫɜɹɡɭɸɳɟɝɨ ȼɄ-36 

3860 1175 105 0,012 

Ɍɢɬɚɧɨɜɵɣ ɫɩɥɚɜ 
ȼɌ-35 

Ʌɢɫɬ ɬɨɥɳɢɧɨɣ 0,40 ɦɦ 4700 1100 110 0,0035 

Ɉɞɧɨɧɚɩɪɚɜɥɟɧ-
ɧɵɣ ɨɪɝɚɧɨɩɥɚ-
ɫɬɢɤ  

Ⱥɪɦɢɪɭɸɳɢɣ ɧɚɩɨɥɧɢɬɟɥɶ: 
ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɚɹ ɬɤɚɧɶ 
Ɋɭɫɥɚɧ; ɫɜɹɡɭɸɳɟɟ ȼɄ-36 

1360 1400 89 0,029 

ɉɪɢɦɟɱɚɧɢɟ. ɉɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɭɩɪɭɝɨ-ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɞɥɹ ɨɛɪɚɡɰɨɜ, ɜɵɪɟɡɚɧɧɵɯ ɜ ɧɚɩɪɚɜ-
ɥɟɧɢɢ ɚɪɦɢɪɨɜɚɧɢɹ. 

 

0,02

0,03

0,04

0,05

0,06

0 50

Ⱦ
ɢɧ
ɚɦ
ɢɱ
ɟɫ
ɤɢ
ɣ 
ɦɨ

ɞɭ
ɥɶ
 ɭ
ɩɪ
ɭɝ
ɨɫ
ɬɢ
, Ƚ

ɉ
ɚ

ɍɝɨɥ ɚɪɦɢɪɨɜɚɧɢɹ, ɝɪɚɞɭɫ

2

0

0,5

1

1,5

2

2,5

3

3,5

4

20 40 60 80 100 120

Ʌ
ɨɝ
ɚɪ
ɢɮ

ɦɢ
ɱɟ
ɫɤ
ɢɣ
 ɞ
ɟɤ
ɪɟ
ɦɟ
ɧɬ

ɡɚ
ɬɭ
ɯɚ
ɧɢ
ɹ 
ɤɨ
ɥɟ
ɛɚ
ɧɢ
ɣ

Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ, Ƚɉɚ

1

2

3

4

5
6

 
Ɋɢɫ. η. ɀɟɫɬɤɨɫɬɶ ɢ ɞɟɦɩɮɢɪɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɚɡɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ – 

ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɜ ɪɚɜɧɨɩɪɨɱɧɨɝɨ (ɋȼɆ+ȼɄ-41 – 1) ɢ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɝɨ (Ɋɭɫɥɚɧ+ȼɄ-36 – 2), 
ɝɢɛɪɢɞɧɵɯ ɫɥɨɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɤɥɚɫɫɨɜ «ɚɥɸɦɢɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» (Ⱦ1θɱ.-ȺɌ+ɨɪɝɚɧɨɩɥɚɫɬɢɤ 
ɪɚɜɧɨɩɪɨɱɧɵɣ – 3) ɢ «ɬɢɬɚɧ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» (ȼɌ-γη+ɨɪɝɚɧɨɩɥɚɫɬɢɤ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɵɣ – 4), 
ɚ ɬɚɤɠɟ ɚɥɸɦɢɧɢɟɜɨɝɨ (Ⱦ1θɱ.-ȺɌ – 5) ɢ ɬɢɬɚɧɨɜɨɝɨ (ȼɌ-35 – 6) ɫɩɥɚɜɨɜ 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫ. η, ɝɢɛɪɢɞɧɵɟ ɫɥɨɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ 

ɨɛɥɚɞɚɸɬ ɜɚɠɧɵɦ ɞɥɹ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɨɱɟɬɚɧɢɟɦ ɫɜɨɣɫɬɜ – ɜɵɫɨɤɨɣ ɤɨɧ-
ɫɬɪɭɤɰɢɨɧɧɨɣ ɠɟɫɬɤɨɫɬɶɸ ɢ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɞɟɦɩɮɢɪɨɜɚɧɢɸ ɤɨɥɟɛɚɧɢɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɷɮɮɟɤɬɢɜɧɨ ɫɧɢɠɚɬɶ ɞɢɧɚɦɢɱɟɫɤɭɸ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɢɯ 
ɜɢɛɪɨɚɤɭɫɬɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɜɵɫɨɤɨ-
ɫɤɨɪɨɫɬɧɵɯ ɚɜɢɚɰɢɨɧɧɵɯ ɢɡɞɟɥɢɣ.  

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɂɫɫɥɟɞɨɜɚɧɵ ɞɟɦɩɮɢɪɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢɛɪɢɞɧɵɯ ɫɥɨɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɤɥɚɫɫɨɜ «ɚɥɸɦɢɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɢ «ɬɢɬɚɧ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ», ɫɨɫɬɨɹɳɢɯ ɢɡ ɬɨɧɤɢɯ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɥɢɫɬɨɜ ɢ ɫɥɨɟɜ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ, ɚɪɦɢɪɨɜɚɧɧɵɯ ɚɪɚɦɢɞɧɵɦɢ ɜɨɥɨɤɧɚɦɢ. 
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ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɟɦɩɮɢɪɭɸɳɢɟ ɫɜɨɣɫɬɜɚ ɝɢɛɪɢɞɧɵɯ ɫɥɨɢɫɬɵɯ ɦɟɬɚɥɥɨɩɨɥɢɦɟɪɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɜ β,η–γ,η ɪɚɡɚ ɜɵɲɟ, ɱɟɦ ɭ ɢɫɯɨɞɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɩɥɚɜɨɜ. ɗɬɨ ɹɜɥɹɟɬɫɹ 
ɫɥɟɞɫɬɜɢɟɦ ɷɮɮɟɤɬɢɜɧɨɝɨ ɝɚɲɟɧɢɹ ɤɨɥɟɛɚɧɢɣ ɫɥɨɹɦɢ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ, ɜɵɩɨɥɧɹɸɳɢɦɢ 
ɪɨɥɶ ɜɧɭɬɪɟɧɧɟɝɨ ɞɟɦɩɮɟɪɚ ɤɨɥɟɛɚɧɢɣ, ɚ ɬɚɤɠɟ ɫɥɨɢɫɬɨɫɬɢ ɫɬɪɭɤɬɭɪɵ ɝɢɛɪɢɞɧɨɝɨ ɦɚ-
ɬɟɪɢɚɥɚ ɢ ɧɚɥɢɱɢɹ ɜɧɭɬɪɟɧɧɢɯ ɝɪɚɧɢɰ ɪɚɡɞɟɥɨɜ «ɦɟɬɚɥɥ–ɩɨɥɢɦɟɪ» ɢ «ɚɪɚɦɢɞɧɨɟ ɜɨ-
ɥɨɤɧɨ–ɩɨɥɢɦɟɪ».  

ɍɪɨɜɟɧɶ ɞɟɦɩɮɢɪɭɸɳɢɯ ɫɜɨɣɫɬɜ ɝɢɛɪɢɞɧɵɯ ɫɥɨɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɤɥɚɫɫɨɜ 
«ɚɥɸɦɢɧɢɣ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɢ «ɬɢɬɚɧ–ɨɪɝɚɧɨɩɥɚɫɬɢɤ» ɡɚɜɢɫɢɬ ɨɬ ɨɛɴɟɦɧɨɝɨ ɫɨɨɬɧɨ-
ɲɟɧɢɹ ɫɥɨɟɜ ɦɟɬɚɥɥɚ ɢ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ, ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɥɨɟɜ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɨɬɧɨɫɢ-
ɬɟɥɶɧɨ ɫɥɨɟɜ ɦɟɬɚɥɥɚ ɢ ɫɯɟɦɵ ɚɪɦɢɪɨɜɚɧɢɹ.  

Ƚɢɛɪɢɞɧɵɟ ɫɥɨɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ, ɧɟ ɭɫɬɭɩɚɸɳɢɟ ɩɨ ɭɪɨɜɧɸ ɭɩɪɭɝɨ-
ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɫɩɥɚɜɚɦ, ɧɨ ɩɪɟɜɨɫɯɨɞɹɳɢɟ ɢɯ ɩɨ ɞɟɦɩɮɢɪɭɸɳɟɣ 
ɫɩɨɫɨɛɧɨɫɬɢ, ɹɜɥɹɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɞɥɹ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɚɜɢɚɰɢ-
ɨɧɧɨɣ ɬɟɯɧɢɤɢ, ɷɥɟɦɟɧɬɵ ɤɨɬɨɪɨɣ ɩɨɞɜɟɪɝɚɸɬɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɩɪɟɞɟɥɶɧɨ ɜɵɫɨɤɢɯ 
ɜɢɛɪɨɚɤɭɫɬɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ. 
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ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɟɣɫɬɜɢɹ ɞɜɭɯ ɜɢɞɨɜ ɚɧɬɢɩɢɪɟɧɨɜ – 
ɝɪɚɮɟɧɚ ɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɮɨɫɮɨɪɫɨɞɟɪɠɚɳɟɝɨ ɫɨɟɞɢɧɟɧɢɹ DOPO-THPO, ɜɜɨɞɢɦɵɯ ɜ 
ɷɩɨɤɫɢɞɧɭɸ ɫɦɨɥɭ. Ʉɨɥɢɱɟɫɬɜɨ ɜɜɨɞɢɦɵɯ ɚɧɬɢɩɢɪɟɧɨɜ ɫɨɫɬɚɜɢɥɨ 0; 2 ɢ 4% ɨɬ ɤɨɥɢɱɟ-
ɫɬɜɚ ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɵ. Ɉɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɧɬɢɩɢɪɟɧɨɜ ɩɪɨɜɟɞɟɧɚ ɦɟɬɨɞɨɦ ɤɢɫ-
ɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɞɚɧɧɨɣ ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɵ ɜɜɟɞɟɧɢɟ ɝɪɚɮɟɧɚ 
ɨɛɟɫɩɟɱɢɥɨ ɩɨɜɵɲɟɧɢɟ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ ɫ 21 ɞɨ 27%, ɚ ɜɜɟɞɟɧɢɟ ɮɨɫɮɨɪɫɨɞɟɪɠɚ-
ɳɟɝɨ ɚɧɬɢɩɢɪɟɧɚ DOPO-THPO – ɫ 21 ɞɨ 23%. ɉɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɜɜɟɞɟɧɢɢ ɝɪɚɮɟɧɚ 
(3%) ɢ DOPO-THPO (1%) ɭɞɚɥɨɫɶ ɞɨɫɬɢɝɧɭɬɶ ɩɨɜɵɲɟɧɢɹ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ  
ɞɨ 28%. 

Ключевые слова: ɩɨɠɚɪɨɛɟɡɨɩɚɫɧɨɫɬɶ, ɝɨɪɸɱɟɫɬɶ, ɤɢɫɥɨɪɨɞɧɵɣ ɢɧɞɟɤɫ, ɩɨɥɢɦɟɪɧɵɟ 
ɦɚɬɟɪɢɚɥɵ, ɚɜɢɚɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɷɩɨɤɫɢɞɧɚɹ ɫɦɨɥɚ, ɨɝɧɟɜɵɟ ɢɫɩɵɬɚɧɢɹ. 

 
S.L. Barbotko1, M.M. Bochenkov1,O.S. Volnyj1, 
O.P. Korobeinichev2, A.G. Shmakov2 
 
EVALUATION  OF  THE  EFFECTIVENESS OF  THE  FIRE  RETARDANTS, 
PROMISING FOR THE CREATION OF NEW 
POLYMER COMPOSITE MATERIALS 
INTENDED FOR AVIATION TECHNIQUES 
 

Studies have been carried out on the effectiveness of the action of two types of fire retard-
ants – graphene and an organic phosphorus-containing compound DOPO-THPO, introduced 
into an epoxy resin. The amount of fire retardants introduced was 0; 2 and 4% of the amount of 
epoxy resin. The efficiency was assessed by the oxygen index method (LOI). It was shown that 
for this epoxy resin, the introduction of graphene provided an increase in the oxygen index from 
21 to 27%, and the introduction of the phosphorus-containing fire retardant DOPO-THPO – 
from 21 to 23%. With the simultaneous introduction of graphene (3%) and DOPO-THPO (1%), 
it was possible to achieve an increase in the oxygen index up to 28%. 

Keywords: fire safety, flammability, limited oxygen index, polymeric material, aircraft  
material, epoxy resin, fire test. 
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ȼɜɟɞɟɧɢɟ 
Ɉɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɭɫɥɨɜɢɣ ɨɛɟɫɩɟɱɟɧɢɹ ɫɨɡɞɚɧɢɹ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɣ 

ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɹɜɥɹɟɬɫɹ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ (ɉɄɆ). ɉɨ ɫɜɨɟɣ ɯɢɦɢɱɟɫɤɨɣ ɩɪɢɪɨɞɟ ɩɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ ɫɩɨɫɨɛɧɵ ɤ 
ɪɟɚɤɰɢɹɦ ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɨɤɢɫɥɟɧɢɹ (ɝɨɪɟɧɢɸ), ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɨɩɪɟɞɟɥɟɧɧɭɸ ɩɨɠɚɪɧɭɸ ɨɩɚɫɧɨɫɬɶ. ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ 
ɜ ɨɬɞɟɥɤɟ ɢ ɤɨɧɫɬɪɭɤɰɢɹɯ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ, ɪɟɝɥɚɦɟɧɬɢɪɭɟɬɫɹ ɚɜɢɚɰɢɨɧɧɵɦɢ ɧɨɪ-
ɦɚɦɢ Д1, βЖ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ, ɞɥɹ ɨɝɧɟ-
ɜɵɯ ɢɫɩɵɬɚɧɢɣ ɦɚɬɟɪɢɚɥɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɨɥɶɲɨɣ ɤɨɦɩɥɟɤɫ ɦɟɬɨɞɨɜ ДγЖ. 

ɎȽɍɉ «ȼɂȺɆ» ɹɜɥɹɟɬɫɹ ɜɟɞɭɳɟɣ ɦɚɬɟɪɢɚɥɨɜɟɞɱɟɫɤɨɣ ɨɪɝɚɧɢɡɚɰɢɟɣ, ɛɨɥɟɟ  
80 ɥɟɬ ɡɚɧɢɦɚɸɳɟɣɫɹ ɪɚɡɪɚɛɨɬɤɨɣ ɢ ɜɧɟɞɪɟɧɢɟɦ ɜ ɚɜɢɚɰɢɨɧɧɭɸ ɨɬɪɚɫɥɶ ɧɨɜɵɯ ɦɚɬɟɪɢ-
ɚɥɨɜ Д4–θЖ. ɂɏɄȽ ɋɈ ɊȺɇ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɫɩɟɰɢɚɥɢɡɢɪɭɟɬɫɹ ɧɚ ɢɫɫɥɟ-
ɞɨɜɚɧɢɹɯ ɩɪɨɰɟɫɫɨɜ ɝɨɪɟɧɢɹ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɟɣɫɬɜɢɹ ɚɧɬɢɩɢɪɟɧɨɜ Д7–12]. 

ɉɥɚɧɢɪɭɟɦɨɟ ɜɜɟɞɟɧɢɟ ɜ ɚɜɢɚɰɢɨɧɧɵɟ ɧɨɪɦɵ ɧɨɜɵɯ ɬɪɟɛɨɜɚɧɢɣ ɩɨ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ Д1γ, 14Ж ɫɬɚɜɢɬ ɩɟɪɟɞ ɦɚɬɟɪɢɚɥɨɜɟɞɚɦɢ ɧɨɜɵɟ ɡɚɞɚɱɢ – ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ 
ɉɄɆ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɸɡɟɥɹɠɚ, ɬɚɤɠɟ ɞɨɥɠɧɵ ɢɫɩɵɬɵɜɚɬɶɫɹ ɧɚ 
ɜɨɫɩɥɚɦɟɧɹɟɦɨɫɬɶ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɥɚɦɟɧɢ, ɚ ɬɚɤɠɟ ɞɨɥɠɧɵ ɡɚɬɭɯɚɬɶ ɩɪɢ ɭɞɚɥɟɧɢɢ 
ɢɫɬɨɱɧɢɤɚ ɜɨɫɩɥɚɦɟɧɟɧɢɹ.  

Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɝɨɪɸɱɟɫɬɢ ɉɄɆ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɢɯ ɫɚɦɨɡɚɬɭɯɚɧɢɹ ɜ ɫɨɫɬɚɜ ɩɨɥɢ-
ɦɟɪɨɜ ɜɜɨɞɹɬ ɢɧɝɢɛɢɬɨɪɵ ɝɨɪɟɧɢɹ – ɚɧɬɢɩɢɪɟɧɵ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɞɧɢɦɢ ɢɡ ɧɚɢɛɨ-
ɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɬɢɩɨɜ ɚɧɬɢɩɢɪɟɧɨɜ ɹɜɥɹɸɬɫɹ ɝɚɥɨɝɟɧɫɨɞɟɪɠɚɳɢɟ ɫɨɟɞɢɧɟɧɢɹ 
Д1ηЖ. Ɉɞɧɚɤɨ ɩɪɨɞɭɤɬɵ ɬɟɪɦɨɞɟɫɬɪɭɤɰɢɢ ɬɚɤɢɯ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɢɦɟɸɬ ɜɵɫɨ-
ɤɢɟ ɬɨɤɫɢɱɧɨɫɬɶ ɢ ɨɩɬɢɱɟɫɤɭɸ ɩɥɨɬɧɨɫɬɶ ɞɵɦɚ, ɩɨɷɬɨɦɭ ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɜ ɭɫɥɨɜɢɹɯ ɡɚ-
ɦɤɧɭɬɨɝɨ ɨɛɴɟɦɚ (ɧɚɩɪɢɦɟɪ, ɫɚɥɨɧɚ ɫɚɦɨɥɟɬɚ) ɹɜɥɹɟɬɫɹ ɧɟɠɟɥɚɬɟɥɶɧɵɦ. 

Ⱦɪɭɝɢɦɢ ɷɮɮɟɤɬɢɜɧɵɦɢ ɚɧɬɢɩɢɪɟɧɚɦɢ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɩɪɢ ɫɨɡɞɚɧɢɢ 
ɉɄɆ ɚɜɢɚɰɢɨɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɹɜɥɹɸɬɫɹ ɮɨɫɮɨɪɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ. ɗɬɢ ɚɧɬɢ-
ɩɢɪɟɧɵ ɞɟɣɫɬɜɭɸɬ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɟ, ɢɡɦɟɧɹɹ ɦɟɯɚɧɢɡɦ ɬɟɪɦɨɞɟɫɬɪɭɤɰɢɢ, ɢ 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɛɪɚɡɨɜɚɧɢɟ ɩɟɧɨɤɨɤɫɚ, ɩɪɟɩɹɬɫɬɜɭɸɳɟɝɨ ɩɪɨɝɪɟɜɭ ɩɨɥɢɦɟɪɚ ɨɬ ɩɥɚɦɟ-
ɧɢ. ȼɫɥɟɞɫɬɜɢɟ ɞɟɣɫɬɜɢɹ ɷɬɨɝɨ ɬɢɩɚ ɚɧɬɢɩɢɪɟɧɨɜ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɟ, ɬɨɤɫɢɱ-
ɧɨɫɬɶ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ ɝɨɪɟɧɢɹ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɬɚɤɨɣ ɨɝɧɟɡɚɳɢɬɨɣ 
ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ ɜɫɥɟɞɫɬɜɢɟ ɨɬɫɭɬɫɬɜɢɹ ɝɚɥɨɝɟɧɨɜɨɞɨɪɨɞɨɜ ɢ ɦɟɧɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɭɝɚɪɧɨɝɨ ɝɚɡɚ Д1θЖ. Ɉɞɧɚɤɨ ɷɬɢ ɚɧɬɢɩɢɪɟɧɵ ɡɚɱɚɫɬɭɸ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɢɡ 
ɮɨɫɮɨɪɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɜɤɥɸɱɟɧɧɵɯ ɜ ɫɩɢɫɨɤ ɡɚɩɪɟɳɟɧɧɵɯ ɩɪɟɤɭɫɨɪɨɜ 
(ɫɩɢɫɨɤ β «Ʉɨɧɜɟɧɰɢɢ ɨ ɡɚɩɪɟɳɟɧɢɢ ɪɚɡɪɚɛɨɬɤɢ, ɧɚɤɨɩɥɟɧɢɹ ɢ ɩɪɢɦɟɧɟɧɢɹ ɯɢɦɢɱɟɫɤɨ-
ɝɨ ɨɪɭɠɢɹ ɢ ɟɝɨ ɭɧɢɱɬɨɠɟɧɢɢ») Д17Ж, ɱɬɨ ɬɪɟɛɭɟɬ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɜɢɞɨɜ (ɢɥɢ ɩɭɬɟɣ 
ɫɢɧɬɟɡɚ) ɚɧɬɢɩɢɪɟɧɨɜ ɞɚɧɧɨɝɨ ɬɢɩɚ Д18Ж. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɥɭɱɚɸɬ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɬɚɤɠɟ ɚɧɬɢɩɢɪɟɧɵ ɧɚ ɨɫɧɨɜɟ ɧɚ-
ɧɨɱɚɫɬɢɰ – ɮɭɥɥɟɪɟɧɵ, ɭɝɥɟɪɨɞɧɵɟ ɧɚɧɨɬɪɭɛɤɢ, ɧɚɧɨɫɢɥɢɤɚɬɵ ɢ ɞɪ. ɗɬɢ ɚɧɬɢɩɢɪɟɧɵ 
ɬɚɤɠɟ ɞɟɣɫɬɜɭɸɬ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɟ, ɭɜɟɥɢɱɢɜɚɹ ɨɛɪɚɡɨɜɚɧɢɟ ɭɝɥɟɪɨɞɢɫɬɨɝɨ 
ɨɫɬɚɬɤɚ ɩɪɢ ɬɟɪɦɨɞɟɫɬɪɭɤɰɢɢ. Ɉɞɧɚɤɨ ɷɬɢ ɦɚɬɟɪɢɚɥɵ ɢɦɟɸɬ ɤɪɚɣɧɟ ɜɵɫɨɤɭɸ ɫɬɨɢɦɨɫɬɶ 
ɢ ɜɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɩɨɤɚ ɧɟ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. ȼɨɡɦɨɠɧɨɣ ɚɥɶɬɟɪɧɚɬɢɜɨɣ 
ɷɬɢɦ ɚɧɬɢɩɢɪɟɧɚɦ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɫɚɠɢ, ɝɪɚɮɢɬɚ ɢ ɢɦ ɩɨɞɨɛɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɩɨ ɝɪɚɧɬɭ ɊɇɎ β0-19-
00β9η «Ɋɚɡɪɚɛɨɬɤɚ ɚɪɦɢɪɨɜɚɧɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɧɢɠɟɧɧɨɣ ɝɨɪɸɱɟɫɬɢ, 
ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɧɚ ɨɫɧɨɜɟ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ» ɢ ɪɟɚɥɢɡɚɰɢɢ ɫɬɪɚɬɟ-
ɝɢɱɟɫɤɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ β. «Ɏɭɧɞɚɦɟɧɬɚɥɶɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɤɜɚɥɢɮɢ-
ɤɚɰɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɧɟɪɚɡɪɭɲɚɸɳɢɣ ɤɨɧɬɪɨɥɶ» ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ β.β. 
«Ʉɜɚɥɢɮɢɤɚɰɢɹ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɨɜ» ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ («ɋɬɪɚɬɟɝɢ-
ɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 
β0γ0 ɝɨɞɚ») Д19, β0Ж. 
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Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 
ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɩɪɨɜɟɞɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɜɭɯ 

ɜɢɞɨɜ ɚɧɬɢɩɢɪɟɧɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɨɰɟɧɤɚ ɢɯ ɫɨɜɦɟɫɬɧɨɝɨ ɜɥɢɹɧɢɹ.  
ȼ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɨɝɨ ɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜɵɛɪɚɧɚ ɤɨɦɩɨɡɢɰɢɹ ɧɚ ɨɫɧɨɜɟ 

ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɵ ɗȾ-22. 
ȼ ɤɚɱɟɫɬɜɟ ɩɟɪɜɨɝɨ ɤɨɤɫɨɨɛɪɚɡɭɸɳɟɝɨ ɚɧɬɢɩɢɪɟɧɚ ɜɵɛɪɚɧ ɝɪɚɮɟɧ – ɞɜɭɦɟɪɧɚɹ 

ɚɥɥɨɬɪɨɩɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɭɝɥɟɪɨɞɚ, ɨɛɪɚɡɨɜɚɧɧɚɹ ɨɞɧɢɦ ɫɥɨɟɦ ɚɬɨɦɨɜ ɢ ɢɦɟɸɳɚɹ 
ɞɜɭɦɟɪɧɭɸ ɝɟɤɫɚɝɨɧɚɥɶɧɭɸ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ. ȿɝɨ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ 
ɨɞɢɧ ɫɥɨɣ ɝɪɚɮɢɬɚ, ɨɬɞɟɥɟɧɧɵɣ ɨɬ ɨɛɴɟɦɧɨɝɨ ɤɪɢɫɬɚɥɥɚ. Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ 
ɝɪɚɮɟɧɚ ɹɜɥɹɟɬɫɹ ɢɧɬɟɪɤɚɥɹɰɢɹ (ɪɚɫɳɟɩɥɟɧɢɟ) ɝɪɚɮɢɬɚ ɧɚ ɨɬɞɟɥɶɧɵɟ ɫɥɨɢ, ɬ. ɟ. ɢɧɬɟɪ-
ɤɚɥɢɪɨɜɚɧɧɵɣ ɝɪɚɮɢɬ ɹɜɥɹɟɬɫɹ, ɩɨ ɫɭɬɢ, ɚɧɚɥɨɝɨɦ ɝɪɚɮɟɧɚ. ɉɪɢɦɟɧɟɧɢɟ ɝɪɚɮɟɧɚ ɜ ɤɚ-
ɱɟɫɬɜɟ ɚɧɬɢɩɢɪɟɧɚ ɨɩɢɫɚɧɨ ɜ ɪɚɛɨɬɟ Дβ1Ж. Ƚɪɚɮɟɧ ɛɵɥ ɢɡɝɨɬɨɜɥɟɧ ɤɨɦɩɚɧɢɟɣ ɇɉɄ 
«ɊɍɋȽɊȺɎȿɇ» ДββЖ. 

ȼ ɤɚɱɟɫɬɜɟ ɮɨɫɮɨɪɨɪɝɚɧɢɱɟɫɤɨɝɨ ɚɧɬɢɩɢɪɟɧɚ ɜɵɛɪɚɧɚ ɤɨɦɩɨɡɢɰɢɹ DτPτ-THPO  
(9,10-ɞɢɝɢɞɪɨ-9-ɨɤɫɢ-10-ɮɨɫɮɚɮɟɧɚɧɬɪɟɧ-10-ɨɤɫɢɞ (DτPτ) + ɬɪɢɝɢɞɪɨɤɫɢɦɟɬɢɥɮɨɫɮɢɧɨɤɫɢɞ 
(THPτ)). Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɷɬɨɣ ɤɨɦɩɨɡɢɰɢɢ ɫɥɟɞɭɸɳɢɟ: ɜɹɡɤɚɹ ɩɪɨɡɪɚɱɧɚɹ ɫɦɨɥɚ, 
ɢɦɟɸɳɚɹ ɫɥɚɛɵɣ ɠɟɥɬɨɜɚɬɵɣ ɨɬɬɟɧɨɤ, ɢɡɝɨɬɨɜɥɟɧɚ ɜ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɜɟɞɭɳɟɣ ɥɚɛɨ-
ɪɚɬɨɪɢɢ ɩɨɠɚɪɧɵɯ ɧɚɭɤ ɍɧɢɜɟɪɫɢɬɟɬɚ ɧɚɭɤɢ ɢ ɬɟɯɧɨɥɨɝɢɢ Ʉɢɬɚɹ ɢ ɩɪɟɞɨɫɬɚɜɥɟɧɚ ɩɪɨ-
ɮɟɫɫɨɪɨɦ ɘɚɧɶ ɏɭ. Ɇɟɬɨɞ ɫɢɧɬɟɡɚ ɷɬɨɝɨ ɚɧɬɢɩɢɪɟɧɚ ɨɩɢɫɚɧ ɜ ɪɚɛɨɬɟ ДβγЖ, ɫɬɪɭɤɬɭɪɧɚɹ 
ɮɨɪɦɭɥɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1. 

 

 
Ɋɢɫ.1. ɋɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ ɤɨɦɩɨɡɢɰɢɢ ɚɧɬɢɩɢɪɟɧɚ DτPτ-THPO 

 
ȼɜɟɞɟɧɢɟ ɜ ɫɨɫɬɚɜ ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɵ 1% ɚɧɬɢɩɢɪɟɧɚ DOPO-THPO ɫɨɨɬɜɟɬɫɬɜɭ-

ɟɬ ɫɨɞɟɪɠɚɧɢɸ ɮɨɫɮɨɪɚ ɜ ɤɨɦɩɨɡɢɰɢɢ, ɪɚɜɧɨɦɭ 0,1θ%. 
ɂɡɝɨɬɨɜɥɟɧɢɟ ɨɛɪɚɡɰɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɤɨɦɩɨɡɢɰɢɸ DOPO-THPO, ɩɪɨɢɡɜɨɞɢɥɢ ɩɨ 

ɦɟɬɨɞɢɤɟ, ɚɧɚɥɨɝɢɱɧɨɣ ɢɡɥɨɠɟɧɧɨɣ ɜ ɪɚɛɨɬɟ ДβγЖ: ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɧɬɢɩɢɪɟɧɚ 
ɜɜɨɞɢɥɢ ɜ ɷɩɨɤɫɢɞɧɭɸ ɫɦɨɥɭ, ɫɨɞɟɪɠɚɳɭɸ ɚɤɬɢɜɧɵɣ ɪɚɡɛɚɜɢɬɟɥɶ, ɢ ɬɳɚɬɟɥɶɧɨ ɩɟɪɟ-
ɦɟɲɢɜɚɥɢ ɞɨ ɟɝɨ ɩɨɥɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ, ɩɨɫɥɟ ɱɟɝɨ ɞɨɛɚɜɥɹɥɢ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɨɬɜɟɪɞɢɬɟɥɹ ɌɗɌȺ, ɩɨɜɬɨɪɧɨ ɬɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜɚɥɢ ɢ ɡɚɥɢɜɚɥɢ ɜ ɮɨɪɦɭ. 

ɂɡɝɨɬɨɜɥɟɧɢɟ ɨɛɪɚɡɰɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɝɪɚɮɟɧ ɢ ɤɨɦɩɨɡɢɰɢɸ DOPO-THPO, ɩɪɨ-
ɢɡɜɨɞɢɥɢ ɩɨ ɦɟɬɨɞɢɤɟ, ɢɡɥɨɠɟɧɧɨɣ ɜ ɪɚɛɨɬɟ Дβ4Ж. ɇɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɪɚɮɟɧɚ 
ɞɢɫɩɟɪɝɢɪɨɜɚɥɢ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɜɚɧɧɟ ɜ ɚɰɟɬɨɧɟ, ɢɫɯɨɞɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ 1 ɝ ɝɪɚɮɟɧɚ ɧɚ 
100 ɦɥ ɚɰɟɬɨɧɚ, ɜ ɬɟɱɟɧɢɟ 1 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɨɫɥɟ ɷɬɨɝɨ ɜ ɞɢɫɩɟɪɫɢɸ ɝɪɚ-
ɮɟɧɚ ɜ ɚɰɟɬɨɧɟ ɞɨɛɚɜɥɹɥɢ ɷɩɨɤɫɢɞɧɭɸ ɫɦɨɥɭ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɬɟɱɟɧɢɟ β ɱ. Ⱦɚɥɟɟ ɫɦɟɫɶ 
ɧɚɝɪɟɜɚɥɢ ɧɚ ɦɚɫɥɹɧɨɣ ɛɚɧɟ ɩɪɢ 1γ0 °ɋ ɜ ɬɟɱɟɧɢɟ 0,η ɱ ɞɥɹ ɭɞɚɥɟɧɢɹ ɚɰɟɬɨɧɚ. ɉɨɫɥɟ  
ɷɬɨɝɨ ɞɨɛɚɜɥɹɥɢ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɮɨɫɮɨɪɫɨɞɟɪɠɚɳɟɝɨ ɚɧɬɢɩɢɪɟɧɚ (ɜ ɞɚɧɧɨɦ 
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ɫɥɭɱɚɟ DτPτ-THPτ) ɜ ɷɩɨɤɫɢɞɧɭɸ ɫɦɨɥɭ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 0,η ɱ, ɡɚɬɟɦ ɫɦɟɫɶ 
ɨɯɥɚɠɞɚɥɢ ɞɨ η0 °ɋ. Ⱦɚɥɟɟ ɜ ɫɦɟɫɶ ɞɨɛɚɜɥɹɥɢ ɨɬɜɟɪɠɞɚɸɳɢɣ ɚɝɟɧɬ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚ-
ɧɢɢ, ɪɚɡɥɢɜɚɥɢ ɤɨɦɩɨɡɢɰɢɸ ɜ ɮɨɪɦɵ ɢ ɨɬɜɟɪɠɞɚɥɢ. Ɉɬɜɟɪɠɞɟɧɢɟ ɩɥɚɫɬɢɧ ɩɪɨɢɡɜɨɞɢɥɢ 
ɜ ɬɟɱɟɧɢɟ η ɫɭɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ βγ˃β °ɋ. ɋɨɫɬɚɜ ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɢɜɟɞɟɧ  
ɜ ɬɚɛɥ. 1. 

 
Ɍɚɛɥɢɰɚ 1 

ɋɨɫɬɚɜ ɤɨɦɩɨɡɢɰɢɣ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɧɬɢɩɢɪɟɧɨɜ 

Ʉɨɦɩɨɧɟɧɬ ɋɨɫɬɚɜ, ɦɚɫ. ɱ., ɤɨɦɩɨɡɢɰɢɢ ɫ ɭɫɥɨɜɧɵɦ ɧɨɦɟɪɨɦ 
1 2 3 4 5 6 7 8 

ɋɦɨɥɚ ɗȾ-22 98 98 98 98 98 98 98 98 
Ⱥɤɬɢɜɧɵɣ ɪɚɡɛɚɜɢɬɟɥɶ ɗ-181 2 2 2 2 2 2 2 2 
Ɉɬɜɟɪɞɢɬɟɥɶ ɌɗɌȺ 13 13 13 13 13 13 13 13 
Ƚɪɚɮɟɧ – 2 4 – – 2 1 3 
Ⱥɧɬɢɩɢɪɟɧ DOPO-THPO – – – 2 4 2 3 1 

 
ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɰɟɧɤɭ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɟɣɫɬɜɢɹ ɚɧɬɢɩɢɪɟɧɨɜ 

ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ ɩɨ ȽɈɋɌ 21793–7θ, ȽɈɋɌ 12.1.044–89  
(ɩ. 4.14) ɢ ASTM Dβ8θγ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɢɫɩɵɬɚɧɢɣ ɹɜɥɹɟɬɫɹ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ 
ɩɪɚɤɬɢɤɨɣ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɟɣɫɬɜɢɹ ɚɧɬɢɩɢɪɟɧɨɜ, ɬɚɤ ɤɚɤ ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɱɭɜ-
ɫɬɜɢɬɟɥɶɧɨɫɬɶ ɢ ɯɨɪɨɲɭɸ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶ. 

Ⱦɥɹ ɢɫɩɵɬɚɧɢɣ ɢɡ ɨɬɥɢɬɵɯ ɢ ɨɬɜɟɪɠɞɟɧɧɵɯ ɩɥɚɫɬɢɧ ɤɨɦɩɨɡɢɰɢɣ ɛɵɥɢ ɧɚɪɟɡɚɧɵ 
ɨɛɪɚɡɰɵ ɪɚɡɦɟɪɨɦ 1γ0×10×4 ɦɦ (ɬɢɩ 1). ȼɟɥɢɱɢɧɚ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ – ɷɬɨ ɦɢɧɢ-
ɦɚɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ ɤɢɫɥɨɪɨɞ-ɚɡɨɬɫɨɞɟɪɠɚɳɟɣ ɫɦɟɫɢ, ɩɪɢ ɤɨɬɨɪɨɦ ɜɨɡ-
ɦɨɠɧɨ ɫɜɟɱɟɨɛɪɚɡɧɨɟ (ɫɜɟɪɯɭ ɜɧɢɡ) ɝɨɪɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɜ ɭɫɥɨɜɢɹɯ ɢɫɩɵɬɚɧɢɣ ɧɚ ɨɝɨɜɨ-
ɪɟɧɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɨɪɦɚɬɢɜɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɟɣ ɧɚ ɦɟɬɨɞ ɢɫɩɵɬɚ-
ɧɢɣ (ɞɥɹ ɞɚɧɧɨɝɨ ɬɢɩɚ ɨɛɪɚɡɰɨɜ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɝɨɪɟɧɢɹ ɨɛɪɚɡ-
ɰɨɜ ɩɨɫɥɟ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ ɧɟ ɦɟɧɟɟ 180 ɫ). 

ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɚɪɤɢ 
OI-9η ɮɢɪɦɵ Fire Testing Technology (ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ). Ɉɛɨɪɭɞɨɜɚɧɢɟ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɞɟɪɠɚɧɢɹ ɜ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0 ɞɨ 
100% ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɧɟ ɛɨɥɟɟ 0,β%. Ɍɨɱɧɨɫɬɶ (ɞɢɫɤɪɟɬɧɨɫɬɶ) ɡɚɞɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɫɨɫɬɚɜɥɹɟɬ 0,1%. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɹ ɨɛɪɚɡɟɰ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɜ ɞɟɪɠɚɬɟɥɶ ɨɛɪɚɡɰɚ ɢ ɱɟɪɟɡ 
ɤɜɚɪɰɟɜɭɸ ɬɪɭɛɭ ɩɪɨɞɭɜɚɸɬ ɚɡɨɬ-ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɭɸ ɫɦɟɫɶ ɡɚɞɚɧɧɨɝɨ ɫɨɫɬɚɜɚ ɫɨ 
ɫɤɨɪɨɫɬɶɸ 4˃1 ɫɦ/ɫ. Ɉɛɪɚɡɟɰ ɩɨɞɠɢɝɚɸɬ ɫɜɟɪɯɭ ɩɪɢ ɩɨɦɨɳɢ ɩɢɥɨɬɧɨɣ ɝɚɡɨɜɨɣ ɝɨɪɟɥ-
ɤɢ. Ɉɛɪɚɡɟɰ ɫɱɢɬɚɟɬɫɹ ɩɨɞɞɟɪɠɢɜɚɸɳɢɦ ɝɨɪɟɧɢɟ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɩɪɨɞɨɥɠɢɬɟɥɶ-
ɧɨɫɬɶ ɟɝɨ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɝɨɪɟɧɢɹ ɩɨɫɥɟ ɭɞɚɥɟɧɢɹ ɩɥɚɦɟɧɢ ɝɚɡɨɜɨɣ ɝɨɪɟɥɤɢ ɩɪɟɜɵ-
ɲɚɟɬ 180 ɫ ɢɥɢ ɞɥɢɧɚ ɩɪɨɝɨɪɚɧɢɹ ɩɪɟɜɵɲɚɟɬ η0 ɦɦ. ȼ ɫɥɭɱɚɟ ɟɫɥɢ ɨɛɪɚɡɟɰ ɩɨɞɞɟɪɠɢ-
ɜɚɟɬ ɝɨɪɟɧɢɟ, ɫɥɟɞɭɸɳɟɟ ɢɫɩɵɬɚɧɢɟ ɩɪɨɜɨɞɹɬ ɩɪɢ ɦɟɧɶɲɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɪɨɞɚ, ɚ 
ɟɫɥɢ ɧɟ ɩɨɞɞɟɪɠɢɜɚɟɬ – ɤɨɧɰɟɧɬɪɚɰɢɸ ɤɢɫɥɨɪɨɞɚ ɜ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɭɜɟɥɢɱɢɜɚɸɬ. ɂɫɩɵ-
ɬɚɧɢɹ ɩɪɨɜɨɞɹɬ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɛɭɞɭɬ ɩɨɥɭɱɟɧɵ ɞɜɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɪɨɞɚ, ɪɚɡ-
ɥɢɱɚɸɳɢɟɫɹ ɧɟ ɛɨɥɟɟ ɱɟɦ ɧɚ 1%, ɤɨɝɞɚ ɩɪɢ ɛɨɥɶɲɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɛɪɚɡɟɰ ɩɨɞɞɟɪɠɢ-
ɜɚɟɬ ɝɨɪɟɧɢɟ, ɚ ɩɪɢ ɦɟɧɶɲɟɣ – ɡɚɬɭɯɚɟɬ. Ɇɢɧɢɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ, ɩɪɢ 
ɤɨɬɨɪɨɣ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɟ ɫɜɟɱɟɨɛɪɚɡɧɨɟ ɝɨɪɟɧɢɟ, ɢ ɩɪɢɧɢɦɚɟɬɫɹ ɡɚ ɜɟ-
ɥɢɱɢɧɭ ɩɪɟɞɟɥɶɧɨɝɨ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ ɦɚɬɟɪɢɚɥɚ. Ȼɨɥɟɟ ɬɨɱɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɜɟɥɢ-
ɱɢɧɵ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ (ɞɨ 0,1%) ɫɱɢɬɚɟɬɫɹ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɵɦ, ɬɚɤ ɤɚɤ ɬɪɟɛɭɟɬ  
ɜ β ɪɚɡɚ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɛɪɚɡɰɨɜ ɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɣ ɪɚɡɛɪɨɫ 
ɞɚɧɧɵɯ ɦɟɠɞɭ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɢɫɩɵɬɚɧɢɹɦɢ ɩɪɢ ɦɚɥɵɯ ɢɡɦɟɧɟɧɢɹɯ ɤɨɧɰɟɧɬɪɚɰɢɢ  
ɤɢɫɥɨɪɨɞɚ. 
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Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2. 
 

Ɍɚɛɥɢɰɚ 2 
ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɡɧɚɱɟɧɢɣ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɤɨɦɩɨɡɢɰɢɣ 

ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ 
ɤɨɦɩɨɡɢɰɢɢ 

ȼɢɞ ɢ ɤɨɥɢɱɟɫɬɜɨ 
ɜɜɟɞɟɧɧɨɝɨ ɚɧɬɢɩɢɪɟɧɚ 

ȼɟɥɢɱɢɧɚ 
ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ, % 

1 Ȼɟɡ ɚɧɬɢɩɢɪɟɧɚ 21 
2 β% ɝɪɚɮɟɧɚ 26 
3 4% ɝɪɚɮɟɧɚ 27 
4 2% DOPO-THPO 22 
5 4% DOPO-THPO 23 
6 β% ɝɪɚɮɟɧɚ + β% DτPτ-THPO 26 
7 1% ɝɪɚɮɟɧɚ + γ% DτPτ-THPO 25 
8 γ% ɝɪɚɮɟɧɚ + 1% DτPτ-THPO 28 

 
ȼɧɟɲɧɢɣ ɜɢɞ ɨɛɪɚɡɰɨɜ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɜ ɭɫɥɨɜɢɹɯ 

ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 2. 
 

21 43 65 87

ɛ)

ɚ)

 
Ɋɢɫ. β. ȼɧɟɲɧɢɣ ɜɢɞ ɨɛɪɚɡɰɨɜ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɚ) ɢ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ  

ɜ ɭɫɥɨɜɢɹɯ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ (ɛ) 
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ȼ ɝɪɚɮɢɱɟɫɤɨɦ ɜɢɞɟ ɜɥɢɹɧɢɟ ɚɧɬɢɩɢɪɟɧɨɜ (ɝɪɚɮɟɧɚ ɢ ɤɨɦɩɨɡɢɰɢɢ DOPO-THPO 
ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ) ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫ. 3. Ⱦɥɹ ɜɜɨɞɢɦɨɝɨ ɚɧɬɢɩɢɪɟɧɚ DOPO-THPO ɧɚɛɥɸ-
ɞɚɟɬɫɹ ɥɢɧɟɣɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ – ɜɜɟɞɟɧɢɟ ɤɚɠɞɵɯ β% ɚɧɬɢɩɢɪɟɧɚ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟ-
ɧɢɸ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ ɧɚ 1%. ȼ ɫɥɭɱɚɟ ɜɜɟɞɟɧɢɹ ɝɪɚɮɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ 
ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ ɢɦɟɟɬ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɣ ɧɟɥɢɧɟɣɧɵɣ ɯɚɪɚɤɬɟɪ: ɜɜɟɞɟɧɢɟ ɩɟɪɜɵɯ 
β% ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɜɟɥɢɱɢɧɵ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ ɧɚ η%, ɚ ɜɜɟɞɟɧɢɟ ɫɥɟɞɭ-
ɸɳɢɯ β% – ɜɫɟɝɨ ɧɚ 1%. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ ɤɚɤ ɧɚɥɢɱɢɟ ɷɤɫɬɪɟɦɭ-
ɦɚ (ɦɚɤɫɢɦɭɦɚ), ɬɚɤ ɢ ɜɵɯɨɞ ɧɚ ɧɚɫɵɳɟɧɢɟ. ɉɟɪɟɯɨɞ ɱɟɪɟɡ ɦɚɤɫɢɦɭɦ ɞɥɹ ɫɥɭɱɚɹ ɜɜɟɞɟ-
ɧɢɹ ɚɧɬɢɩɢɪɟɧɨɜ ɜ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ ɧɟ ɹɜɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɧɵɦ,  
ɩɨɷɬɨɦɭ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɦ ɹɜɥɹɟɬɫɹ ɫɧɢɠɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ  
(ɩɨɜɵɲɟɧɢɟ ɜɟɥɢɱɢɧɵ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ ɩɪɢ ɜɜɟɞɟɧɢɢ ɬɨɣ ɠɟ ɞɨɥɢ ɚɧɬɢɩɢɪɟɧɚ)  
ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɜɵɯɨɞɨɦ ɧɚ ɧɚɫɵɳɟɧɢɟ. 

 

y = -0,5x2 + 3,5x + 21
R² = 1

21

22

23

24

25

26

27

28

0 1 2 3 4

ȼ
ɟɥ
ɢɱ
ɢɧ
ɚ 
ɤɢ
ɫɥ
ɨɪ
ɨɞ
ɧɨ
ɝɨ
 ɢ
ɧɞ
ɟɤ
ɫɚ
, %

ɋɨɞɟɪɠɚɧɢɟ ɚɧɬɢɩɢɪɟɧɚ, %

Ʉɨɦɩɨɡɢɰɢɹ 
DOPO-THPO

Ƚɪɚɮɟɧ

ɉɨɥɢɧɨɦɢɚɥɶɧɚɹ ɤɪɢɜɚɹ ɞɥɹ ɝɪɚɮɟɧɚ

 
Ɋɢɫ. γ. ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ ɨɛɪɚɡɰɨɜ ɢɡ ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɵ 

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɜɜɟɞɟɧɧɨɝɨ ɚɧɬɢɩɢɪɟɧɚ 
 

ɉɨɫɤɨɥɶɤɭ ɧɚɢɛɨɥɶɲɟɟ ɞɨɫɬɢɝɧɭɬɨɟ ɡɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɵ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ 
ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ ɞɥɹ ɤɨɦɩɨɡɢɰɢɢ, ɢɦɟɸɳɟɣ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ γ% ɝɪɚɮɟɧɚ ɢ 1% ɮɨɫɮɨ-
ɪɨɪɝɚɧɢɱɟɫɤɨɝɨ ɚɧɬɢɩɢɪɟɧɚ, ɬɨ ɢɡ ɜɫɟɝɨ ɦɚɫɫɢɜɚ ɞɚɧɧɵɯ ɜɵɛɪɚɧɵ ɤɨɦɩɨɡɢɰɢɢ, ɢɦɟɸ-
ɳɢɟ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɫɭɦɦɚɪɧɨ 4% ɚɧɬɢɩɢɪɟɧɨɜ (ɬɚɛɥ. γ), ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ ɢɡɦɟɧɟ-
ɧɢɟ ɜɟɥɢɱɢɧɵ ɩɪɟɞɟɥɶɧɨɝɨ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ (ɪɢɫ. 4). 
 

Ɍɚɛɥɢɰɚ 3 
ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ ɨɛɪɚɡɰɨɜ ɢɡ ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɵ 

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɜɜɟɞɟɧɧɨɝɨ ɚɧɬɢɩɢɪɟɧɚ 
ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ 
ɤɨɦɩɨɡɢɰɢɢ 

Ʉɨɥɢɱɟɫɬɜɨ ɜɜɟɞɟɧɧɨɝɨ ɚɧɬɢɩɢɪɟɧɚ, % ȼɟɥɢɱɢɧɚ ɤɢɫɥɨ-
ɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ, % ɝɪɚɮɟɧɚ ɤɨɦɩɨɡɢɰɢɢ DτPτ-THPO 

5 0 4 23 
7 1 3 25 
6 2 2 26 
8 3 1 28 
3 4 0 27 
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y = 0,1667x3 - 1,3571x2 + 1,7619x + 27,086
R² = 0,9θηγ

y = -1,1x + 28
R² = 0,817θ

01234

23

24

25

26

27

28

29

0 1 2 3 4

ɋɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɡɢɰɢɢ DOPO-THPO, %

ȼ
ɟɥ
ɢɱ
ɢɧ
ɚ 
ɤɢ
ɫɥ
ɨɪ
ɨɞ
ɧɨ
ɝɨ
 ɢ
ɧɞ
ɟɤ
ɫɚ
, %

ɋɨɞɟɪɠɚɧɢɟ ɝɪɚɮɟɧɚ, %  
Ɋɢɫ. 4. ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ ɤɨɦɩɨɡɢɰɢɣ 

ɢɡ ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɜɜɟɞɟɧɧɨɝɨ ɚɧɬɢɩɢɪɟɧɚ: ▬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɞɚɧɧɵɟ; ▬ ɥɢɧɟɣɧɚɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹ; ▬ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɩɨɥɢɧɨɦɨɦ ɬɪɟɬɶɟɣ ɫɬɟɩɟɧɢ 

 

ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɢ ɤɨɥɢɱɟɫɬɜɚ 
ɜɜɟɞɟɧɧɨɝɨ ɜ ɤɨɦɩɨɡɢɰɢɢ ɚɧɬɢɩɢɪɟɧɚ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɨ ɤɚɤ 
ɥɢɧɟɣɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɫ ɭɱɟɬɨɦ ɜɡɚɢɦɧɨɝɨ ɜɥɢɹɧɢɹ ɞɜɭɯ ɚɧɬɢɩɢɪɟɧɨɜ (ɭɪɚɜɧɟɧɢɟ (1ɚ)), 
ɬɚɤ ɢ ɧɚ ɨɫɧɨɜɟ ɭɪɚɜɧɟɧɢɹ, ɧɟ ɭɱɢɬɵɜɚɸɳɟɝɨ ɜɡɚɢɦɧɨɟ ɜɥɢɹɧɢɟ ɚɧɬɢɩɢɪɟɧɨɜ, ɧɨ ɩɪɢ-
ɧɢɦɚɸɳɟɝɨ ɤɜɚɞɪɚɬɢɱɧɵɣ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɜɟɥɢɱɢɧɵ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ ɨɬ ɤɨ-
ɥɢɱɟɫɬɜɚ ɝɪɚɮɟɧɚ (ɭɪɚɜɧɟɧɢɟ (2ɚ)): 

 
y=b0+b1·x1+b2·x2+b12·x1·x2 ;     (1ɚ) 
y=a0+a1·x1+a11·x1·x1+a2·x2 ,     (2ɚ) 

 
ɝɞɟ a0 ɢ b0 – ɫɜɨɛɨɞɧɵɟ ɱɥɟɧɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɟɥɢɱɢɧɟ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ ɛɟɡ ɜɜɟɞɟɧ-
ɧɵɯ ɚɧɬɢɩɢɪɟɧɨɜ; a1 ɢ b1 – ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɥɢɹɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɚɧɬɢɩɢɪɟɧɚ 1 (ɝɪɚɮɟɧ); a2 ɢ b2 – 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɥɢɹɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɚɧɬɢɩɢɪɟɧɚ β (ɤɨɦɩɨɡɢɰɢɹ DOPO-THPO); a11 – ɤɨɷɮɮɢɰɢ-
ɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɤɜɚɞɪɚɬɢɱɧɨɟ ɜɥɢɹɧɢɟ ɚɧɬɢɩɢɪɟɧɚ 1 (ɝɪɚɮɟɧ); b12 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚ-
ɸɳɢɣ ɫɨɜɦɟɫɬɧɨɟ ɜɥɢɹɧɢɟ ɚɧɬɢɩɢɪɟɧɨɜ. 

 
Ɇɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɩɪɢ ɩɨɦɨɳɢ ɜɫɬɪɨɟɧɧɨɣ ɮɭɧɤɰɢɢ Excel «ɉɨ-

ɢɫɤ ɪɟɲɟɧɢɹ» ɪɚɫɫɱɢɬɚɧɵ ɜɟɥɢɱɢɧɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ a1, a11, a2, b1, b2 ɢ b12  ɢ ɤɨɷɮɮɢɰɢ-
ɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ: 

 
y=β1+1,74·x1+0,490·x2+0,β47·x1·x2 , R2=0,959;  (1ɛ) 
y=β1+γ,18·x1-0,404·x1·x1+0,449·x2 ,  R2=0,988.  (2ɛ) 

 
ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɩɨɥɭɱɟɧɵ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ (>0,9η), 

ɧɨ ɞɥɹ ɭɪɚɜɧɟɧɢɹ, ɭɱɢɬɵɜɚɸɳɟɝɨ ɤɜɚɞɪɚɬɢɱɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɜɥɢɹɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɝɪɚ-
ɮɟɧɚ (ɭɪɚɜɧɟɧɢɟ (2ɛ)), ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɧɟɫɤɨɥɶɤɨ ɛɨɥɶɲɟ. 
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ɇɚ ɪɢɫ. η ɩɨɤɚɡɚɧɨ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɫɨɜɦɟɫɬɧɨɦɭ 
ɜɥɢɹɧɢɸ ɞɜɭɯ ɜɢɞɨɜ ɚɧɬɢɩɢɪɟɧɨɜ ɢ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨ-
ɫɨɛɚɦɢ. 
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Ɋɢɫ. η. ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ ɤɨɦɩɨɡɢɰɢɣ ɢɡ ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɵ ɜ ɡɚɜɢ-
ɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɜɜɟɞɟɧɧɨɝɨ ɚɧɬɢɩɢɪɟɧɚ: ■ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɫɨɜɦɟɫɬɧɨɦɭ ɜɜɟɞɟɧɢɸ 

ɚɧɬɢɩɢɪɟɧɨɜ; ▲ – ɜɜɟɞɟɧɢɟ ɬɨɥɶɤɨ ɝɪɚɮɟɧɚ; – ɜɜɟɞɟɧɢɟ ɬɨɥɶɤɨ ɚɧɬɢɩɢɪɟɧɚ DτPτ-THPO;  
– ɚɞɞɢɬɢɜɧɨɟ ɫɥɨɠɟɧɢɟ ɞɚɧɧɵɯ ɨɞɢɧɨɱɧɵɯ ɚɧɬɢɩɢɪɟɧɨɜ;  ▬ ɪɚɫɱɟɬ ɩɨ ɭɪɚɜɧɟɧɢɸ (1ɛ);  

▬ ɪɚɫɱɟɬ ɩɨ ɭɪɚɜɧɟɧɢɸ (βɛ) 
 
ȼɢɞɧɨ, ɱɬɨ ɪɚɫɯɨɠɞɟɧɢɟ ɦɟɠɞɭ ɷɤɫɩɟɪɢɦɟɧɬɨɦ ɢ ɪɚɫɱɟɬɨɦ ɧɟ ɩɪɟɜɵɲɚɟɬ 1% ɩɨ ɜɟ-

ɥɢɱɢɧɟ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɷɬɨɣ ɜɟɥɢɱɢɧɵ. 
 

Ɂɚɤɥɸɱɟɧɢɹ 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɥɢɱɢɹ ɢ ɜɢɞɚ ɜɜɟɞɟɧɧɨɝɨ ɚɧɬɢɩɢɪɟɧɚ ɭɫɬɚɧɨɜɥɟɧɨ  

ɫɭɳɟɫɬɜɟɧɧɨɟ ɪɚɡɥɢɱɢɟ ɜ ɜɟɥɢɱɢɧɟ ɩɪɟɞɟɥɶɧɨɝɨ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ: ɜɟɥɢɱɢɧɚ ɤɢɫ-
ɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ ɦɟɧɹɟɬɫɹ ɨɬ β1 (ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ ɛɟɡ ɚɧɬɢɩɢɪɟɧɚ) ɞɨ β8%  
(γ% ɝɪɚɮɟɧɚ + 1% DτPτ-THPO). 

Ʉɨɦɩɨɡɢɰɢɹ DτPτ-THPτ ɞɥɹ ɞɚɧɧɨɣ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɦɚɥɨ- ɷɮɮɟɤɬɢɜɧɚ: 
ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ ɩɨɜɵɲɟɧɢɟ ɜɟɥɢɱɢɧɵ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ ɜɫɟɝɨ ɧɚ 1 ɢ β% ɩɪɢ 
ɜɜɟɞɟɧɢɢ β ɢ 4% ɚɧɬɢɩɢɪɟɧɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɨɥɭɱɟɧɧɨɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɵ ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ ɞɥɹ ɜɚɪɢ-
ɚɧɬɚ ɤɨɦɩɨɡɢɰɢɢ 8 (γ% ɝɪɚɮɟɧɚ + 1% ɚɧɬɢɩɢɪɟɧɚ DτPτ-THPτ) ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧɨ 
ɤɚɤ ɜɨɡɦɨɠɧɵɦ ɫɥɚɛɵɦ ɫɢɧɟɪɝɢɡɦɨɦ ɩɨ ɫɨɜɦɟɫɬɧɨɦɭ ɜɥɢɹɧɢɸ ɚɧɬɢɩɢɪɟɧɨɜ (ɝɪɚɮɟɧ + 
DOPO-THPτ), ɬɚɤ ɢ ɜɨɡɦɨɠɧɨɫɬɶɸ ɧɚɥɢɱɢɹ ɷɤɫɬɪɟɦɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɥɢɱɢɧɵ 
ɤɢɫɥɨɪɨɞɧɨɝɨ ɢɧɞɟɤɫɚ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɜɜɟɞɟɧɧɨɝɨ ɝɪɚɮɟɧɚ, ɢɥɢ ɜɨɡɦɨɠɧɨɣ ɩɨɝɪɟɲɧɨ-
ɫɬɶɸ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. Ⱦɥɹ ɭɬɨɱɧɟɧɢɹ ɷɬɨɝɨ ɜɨɩɪɨɫɚ ɬɪɟɛɭɟɬɫɹ 
ɩɪɨɜɟɞɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

 

ɋɬɚɬɶɹ ɩɨɞɝɨɬɨɜɥɟɧɚ ɜ ɪɚɦɤɚɯ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɩɨ ɝɪɚɧɬɭ ɊɇɎ 20-19-00295 
«Ɋɚɡɪɚɛɨɬɤɚ ɚɪɦɢɪɨɜɚɧɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɧɢɠɟɧɧɨɣ ɝɨɪɸɱɟɫɬɢ, ɩɟɪ-
ɫɩɟɤɬɢɜɧɵɯ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɧɚ ɨɫɧɨɜɟ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ». 
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ȼɨ ɦɧɨɝɢɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɬɚɤɢɯ ɤɚɤ ɦɚɲɢɧɨɫɬɪɨɟɧɢɟ ɢ ɚɜɢɚɰɢɨɧɧɨ-

ɤɨɫɦɢɱɟɫɤɚɹ ɨɬɪɚɫɥɶ, ɧɚ ɫɦɟɧɭ ɬɪɚɞɢɰɢɨɧɧɵɦ ɫɩɥɚɜɚɦ ɩɪɢɲɥɢ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢ-
ɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ (ɆɄɆ), ɤɨɬɨɪɵɟ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɟɚɪɦɢɪɨɜɚɧɧɵɦɢ ɫɩɥɚɜɚɦɢ, ɯɚɪɚɤɬɟɪɢ-
ɡɭɸɬɫɹ ɩɨɜɵɲɟɧɧɵɦɢ ɩɪɨɱɧɨɫɬɶɸ ɢ ɠɟɫɬɤɨɫɬɶɸ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ. Ⱦɥɹ 
ɪɚɫɱɟɬɚ ɪɟɫɭɪɫɚ ɭɡɥɨɜ ɞɥɹ ɛɟɡɨɩɚɫɧɨɣ ɢ ɧɚɞɟɠɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɨɜɨɣ ɬɟɯɧɢɤɢ ɧɟɨɛɯɨɞɢɦɨ 
ɢɦɟɬɶ ɧɚɛɨɪ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɣ ɩɪɨɱɧɨɫɬɢ ɆɄɆ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɢ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ, ɦɚɥɨ- (Ɇɐɍ) ɢ ɦɧɨɝɨɰɢɤɥɨ-
ɜɨɣ ɭɫɬɚɥɨɫɬɢ (Ɇɧɐɍ). Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɢ 
ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ, Ɇɐɍ ɢ Ɇɧɐɍ ɞɢɫɩɟɪɫɧɨɭɩɪɨɱɧɟɧɧɨɝɨ ɆɄɆ ɦɚɪɤɢ ȼɄɆ22. 

Ключевые слова: ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ, ɚɥɸɦɢɧɢɟɜɵɣ ɫɩɥɚɜ, ɤɚɪɛɢɞ ɤɪɟɦɧɢɹ, 
ɭɩɪɨɱɧɹɸɳɢɟ ɱɚɫɬɢɰɵ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɱɧɨɫɬɢ. 
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INVESTIGATION  OF  THE  STRENGTH  CHARACTERISTICS  
DISPERSION-STRENGTHENED  METAL-CERAMIC  
COMPOSITE  MATERIAL  VKM22 
 

In many industries, such as mechanical engineering and aerospace, traditional alloys are being 
replaced by metal matrix composites (MCM). Compared to unreinforced alloys, MCM is charac-
terized by increased strength and rigidity combined with low density. To calculate the resource of 
nodes for the safe and reliable operation of new equipment, it is necessary to have a set of calcu-
lated values of the MCM strength characteristics, including the characteristics of short-term and 
long-term strength, low-cycle (LCF) and high-cycle (HCF) fatigue. The work is devoted to the 
study of the characteristics of short-term and long-term strength, LCF and MCF fatigue of disper-
sion-strengthened MKM grade VKM22. 

Keywords: composite material, aluminum alloy, silicon carbide, hardening particles, strength 
characteristics. 
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ɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal State 
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the Russian Federation]; e-mail: admin@viam.ru 

 
ȼɜɟɞɟɧɢɟ 

ɉɨɜɵɲɟɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɭɡɥɚɦ ɢ ɞɟɬɚɥɹɦ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯ-
ɧɢɤɢ ɩɪɢɜɨɞɢɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜ-
ɧɵɯ ɤɥɚɫɫɨɜ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɹɜɥɹɸɬɫɹ ɞɢɫɩɟɪɫɧɨɭɩɪɨɱ-
ɧɟɧɧɵɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ (ɆɄɆ). ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ  
ɡɚɪɭɛɟɠɧɵɦɢ ɢ ɨɬɟɱɟɫɬɜɟɧɧɵɦɢ ɦɚɬɟɪɢɚɥɨɜɟɞɱɟɫɤɢɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ ɜɟɞɭɬɫɹ ɢɫɫɥɟ-
ɞɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ ɩɨ ɫɨɡɞɚɧɢɸ ɢ ɩɪɢɦɟɧɟɧɢɸ ɬɚɤɨɝɨ ɤɥɚɫɫɚ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɵɟ, 
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ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɟɚɪɦɢɪɨɜɚɧɧɵɦɢ ɫɩɥɚɜɚɦɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɩɨɜɵɲɟɧɧɵɦɢ ɩɪɨɱɧɨ-
ɫɬɶɸ ɢ ɠɟɫɬɤɨɫɬɶɸ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ Д1–4Ж. ɉɨ ɫɬɪɭɤɬɭɪɟ ɆɄɆ ɩɨɞ-
ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɧɟɫɤɨɥɶɤɨ ɝɪɭɩɩ: ɜɨɥɨɤɧɢɫɬɵɟ, ɫɥɨɢɫɬɵɟ ɢ ɞɢɫɩɟɪɫɧɨɭɩɪɨɱɧɟɧɧɵɟ.  
ɍ ɜɨɥɨɤɧɢɫɬɵɯ ɆɄɆ ɜɨɥɨɤɧɚ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɚɩɪɚɜɥɟɧɧɨ ɫ ɡɚɞɚɧɧɵɦ ɲɚɝɨɦ ɢɥɢ ɯɚɨ-
ɬɢɱɧɨ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɛɴɟɦɧɨɣ ɞɨɥɟɣ ɚɪɦɢɪɭɸɳɟɣ ɮɚɡɵ. 
ɍ ɫɥɨɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɥɨɢ ɦɟɬɚɥɥɚ ɱɟɪɟɞɭɸɬɫɹ ɫɨ ɫɥɨɹɦɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ ɢɥɢ ɤɟɪɚ-
ɦɢɤɢ, ɚ ɭ ɞɢɫɩɟɪɫɧɨɭɩɪɨɱɧɟɧɧɵɯ − ɞɢɫɩɟɪɫɧɵɟ ɱɚɫɬɢɰɵ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ  
ɜ ɨɛɴɟɦɟ ɜɫɟɣ ɦɚɬɪɢɰɵ ДηЖ. 

ȼ ɞɢɫɩɟɪɫɧɨɭɩɪɨɱɧɟɧɧɵɯ ɆɄɆ ɦɚɬɪɢɰɚ ɹɜɥɹɟɬɫɹ ɧɟɫɭɳɢɦ ɷɥɟɦɟɧɬɨɦ ɫɬɪɭɤɬɭ-
ɪɵ, ɜ ɤɨɬɨɪɨɣ ɫ ɩɨɦɨɳɶɸ ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɢ ɨɞɧɨɪɨɞɧɨɣ ɞɢɫɥɨɤɚɰɢɨɧɧɨɣ ɫɬɪɭɤɬɭɪɵ 
ɫɨɡɞɚɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɟ ɬɨɪɦɨɠɟɧɢɟ ɞɢɫɥɨɤɚɰɢɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɜɨɣɫɬɜɚ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ 
ɦɨɝɭɬ ɩɪɨɟɤɬɢɪɨɜɚɬɶɫɹ ɡɚɪɚɧɟɟ – ɩɨɞ ɨɩɪɟɞɟɥɟɧɧɵɟ ɡɚɞɚɱɢ Дθ, 7Ж. ȼ ɬɚɤɢɟ ɦɚɬɟɪɢɚɥɵ  
ɢɫɤɭɫɫɬɜɟɧɧɨ ɜɜɨɞɹɬ ɦɟɥɶɱɚɣɲɢɟ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɬɭɝɨɩɥɚɜɤɢɟ ɱɚɫɬɢɰɵ, ɧɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɟ ɫ ɦɚɬɪɢɰɟɣ ɢ ɧɟ ɪɚɫɬɜɨɪɹɸɳɢɟɫɹ ɜ ɧɟɣ ɜɩɥɨɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɥɚɜɥɟɧɢɹ ɮɚɡ. ɑɟɦ ɦɟɥɶɱɟ ɱɚɫɬɢɰɵ ɧɚɩɨɥɧɢɬɟɥɹ ɢ ɦɟɧɶɲɟ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɧɢɦɢ, 
ɬɟɦ ɩɪɨɱɧɟɟ ɆɄɆ. ɑɚɫɬɢɰɵ ɬɭɝɨɩɥɚɜɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɭɜɟɥɢɱɢɜɚɸɬ ɬɜɟɪɞɨɫɬɶ ɦɚɬɟɪɢɚ-
ɥɚ, ɚ ɩɥɚɫɬɢɱɧɚɹ ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɦɚɬɪɢɰɚ ɩɪɢɞɚɟɬ ɟɦɭ ɜɹɡɤɨɫɬɶ ɢ ɩɥɚɫɬɢɱɧɨɫɬɶ Д8Ж. 

ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɆɄɆ ɫɧɢɠɚɸɬɫɹ ɡɧɚɱɢ-
ɬɟɥɶɧɨ ɫɥɚɛɟɟ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɟɚɪɦɢɪɨɜɚɧɧɵɦɢ ɫɩɥɚɜɚɦɢ Д9, 10Ж. Ɉɞɧɨɣ ɢɡ ɨɫɨɛɟɧɧɨ-
ɫɬɟɣ ɞɢɫɩɟɪɫɧɨɚɪɦɢɪɨɜɚɧɧɨɝɨ ɆɄɆ ɹɜɥɹɟɬɫɹ ɟɝɨ ɢɡɨɬɪɨɩɧɨɫɬɶ. ɂɡɨɬɪɨɩɧɵɟ ɆɄɆ  
ɨɛɥɚɞɚɸɬ ɨɞɢɧɚɤɨɜɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɜɨ ɜɫɟɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. 

ɂɡ ɆɄɆ ɫ ɚɥɸɦɢɧɢɟɜɨɣ ɦɚɬɪɢɰɟɣ ɢ ɭɩɪɨɱɧɹɸɳɢɦɢ ɱɚɫɬɢɰɚɦɢ ɤɚɪɛɢɞɚ ɤɪɟɦ-
ɧɢɹ (SiC) ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɷɥɟɦɟɧɬɵ ɨɛɲɢɜɤɢ ɫɚɦɨɥɟɬɚ, ɩɨɪɲɧɢ ɢ ɬɨɪɦɨɡɧɵɟ ɞɢɫɤɢ. 

Ʉɨɦɩɚɧɢɹ DWA Aluminium Cɨmposites USA, Inc. ɩɪɨɢɡɜɨɞɢɬ ɩɨɞɮɸɡɟɥɹɠɧɵɣ 
ɤɢɥɶ ɞɥɹ ɢɫɬɪɟɛɢɬɟɥɹ F-1θ ɢɡ ɞɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɡɚɦɟɧɢɜ ɢɦ ɚɥɸɦɢɧɢɟɜɵɣ ɫɩɥɚɜ. Ɂɚ-
ɦɟɧɚ ɦɚɬɟɪɢɚɥɚ ɩɨɡɜɨɥɢɥɚ ɭɜɟɥɢɱɢɬɶ ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɧɫɬɪɭɤɰɢɢ ɜ 4 ɪɚɡɚ ɩɪɢ ɫɧɢ-
ɠɟɧɢɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɫɯɨɞɨɜ ɧɚ γ0. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɦɚɫɫɵ ɫɬɚɬɨɪɧɵɯ ɥɨɩɚɬɨɤ 
ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɜɟɧɬɢɥɹɬɨɪɚ ɧɚ γ0 ɜ ɞɜɢɝɚɬɟɥɹɯ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɮɢɪɦɨɣ 
Pratt & Whitney ɞɥɹ Boeing 777, ɜɦɟɫɬɨ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɢɫɩɨɥɶɡɭɸɬ ɆɄɆ ɫɢɫɬɟɦɵ 
Al–SiC [11, 12]. 

Ʉɨɧɫɬɪɭɤɰɢɢ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɞɜɟɪɝɚɸɬɫɹ 
ɛɨɥɶɲɨɦɭ ɫɩɟɤɬɪɭ ɫɬɚɬɢɱɟɫɤɢɯ ɢ ɰɢɤɥɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚ-
ɬɭɪ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɟɣ. ɉɨɷɬɨɦɭ ɞɥɹ ɪɚɫɱɟɬɚ ɪɟɫɭɪɫɚ ɭɡɥɨɜ ɞɥɹ ɛɟɡɨɩɚɫɧɨɣ ɢ ɧɚɞɟɠɧɨɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɨɜɨɣ ɬɟɯɧɢɤɢ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɧɚɛɨɪ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɣ ɩɪɨɱɧɨɫɬɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɢ ɞɥɢ-
ɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ, ɦɚɥɨ- (Ɇɐɍ) ɢ ɦɧɨɝɨɰɢɤɥɨɜɨɣ ɭɫɬɚɥɨɫɬɢ (Ɇɧɐɍ). ɉɪɨɜɟɞɟɧɢɟ 
ɤɨɦɩɥɟɤɫɧɵɯ ɢɫɩɵɬɚɧɢɣ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɹɜɥɹɟɬɫɹ ɧɟɨɬɴ-
ɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɩɪɨɰɟɫɫɚ ɪɚɡɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɆɄɆ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ. 

ɂɫɫɥɟɞɭɟɦɵɣ ɞɢɫɩɟɪɫɧɨɭɩɪɨɱɧɟɧɧɵɣ ɆɄɆ ɦɚɪɤɢ ȼɄɆββ ɩɥɚɧɢɪɭɟɬɫɹ ɤ ɩɪɢ-
ɦɟɧɟɧɢɸ ɜ ɞɟɬɚɥɹɯ ɜɟɪɬɨɥɟɬɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɪɚɛɨɬɨɫɩɨɫɨɛɧɵɯ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 1β0 °ɋ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ β. «Ʉɜɚɥɢɮɢɤɚɰɢɹ 
ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɚɬɟɪɢɚɥɨɜ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ  
ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ») Д1γЖ. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɆɄɆ ɦɚɪɤɢ ȼɄɆββ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɟɬɨɞɵ ɩɨɪɨɲɤɨɜɨɣ ɦɟɬɚɥ-
ɥɭɪɝɢɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɪɟɫɫɨɜɚɧɢɟɦ ɢ ɝɨɪɹɱɟɣ ɷɤɫɬɪɭɡɢɟɣ. 

Ɍɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɆɄɆ ɜɤɥɸɱɚɟɬ: ɩɪɢɝɨɬɨɜɥɟɧɢɟ ɢɫɯɨɞɧɨɣ ɲɢɯɬɵ  
ɞɥɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɥɟɝɢɪɨɜɚɧɢɹ, ɦɟɯɚɧɢɱɟɫɤɨɟ ɥɟɝɢɪɨɜɚɧɢɟ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ  
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ɜ ɩɥɚɧɟɬɚɪɧɨɣ ɲɚɪɨɜɨɣ ɦɟɥɶɧɢɰɟ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɤɨɦɩɚɤɬɢɪɨɜɚɧɢɟ ɦɚɬɟɪɢɚɥɚ  
ɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɩɪɟɫɫɟ ɢ ɝɨɪɹɱɭɸ ɷɤɫɬɪɭɡɢɸ ɤɨɧɫɨɥɢɞɢɪɨɜɚɧɧɵɯ ɡɚɝɨɬɨɜɨɤ.  

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɩɪɢɦɟɧɹɥɢ ɦɟɬɚɥɥɨɩɨɪɨɲɤɨɜɭɸ ɤɨɦɩɨɡɢɰɢɸ 
ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ȼ9η ɫɢɫɬɟɦɵ AХ–Zn–Mg–CЮ ɜ ɬɟɪɦɨɨɛɪɚɛɨɬɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨ 
ɪɟɠɢɦɭ Ɍ1 (ɡɚɤɚɥɤɚ ɫ ɧɚɝɪɟɜɨɦ ɞɨ 470 °ɋ, ɨɯɥɚɠɞɟɧɢɟ ɜ ɜɨɞɟ, ɡɚɬɟɦ ɫɥɟɞɭɟɬ ɩɪɨɰɟɫɫ 
ɫɬɚɪɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 140 °ɋ ɢ ɜɵɞɟɪɠɤɟ 1η ɱ), ɩɨɥɭɱɟɧɧɭɸ ɦɟɬɨɞɨɦ ɝɚɡɨɞɢɧɚɦɢ-
ɱɟɫɤɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɧɚ ɭɫɬɚɧɨɜɤɟ HОrЦТРК 10/100 VI, ɢ ɚɪɦɢɪɭɸɳɢɣ ɩɨɪɨɲɨɤ ɤɚɪɛɢɞɚ 
ɤɪɟɦɧɢɹ ɦɚɪɤɢ θ4ɋ ɮɪɚɤɰɢɢ F1β00. ɑɚɫɬɢɰɵ ɩɨɪɨɲɤɚ ɢɡ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ȼ9η 
ɢɦɟɸɬ ɫɮɟɪɢɱɟɫɤɭɸ ɮɨɪɦɭ, ɚ ɢɯ ɪɚɡɦɟɪ ɫɨɫɬɚɜɥɹɟɬ ɨɬ η ɞɨ з70 ɦɤɦ. ɑɚɫɬɢɰɵ ɩɨɪɨɲɤɚ 
ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɨɞɧɨɪɨɞɧɵ ɩɨ ɪɚɡɦɟɪɭ, ɢɦɟɸɬ ɨɫɤɨɥɨɱɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɯɚɪɚɤɬɟɪɧɭɸ 
ɞɥɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɢɯ ɪɚɡɦɟɪ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 7 ɞɨ з10 ɦɤɦ. Ɉɛɴɟɦɧɚɹ ɞɨɥɹ 
ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ȼ9η: 77,η%, ɚ ɩɨɪɨɲɤɚ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɦɚɪɤɢ θ4ɋ: ββ,η%. Ⱦɥɹ 
ɩɨɥɭɱɟɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɝɪɚɧɭɥ ɩɪɢɦɟɧɹɥɢ ɦɟɯɚɧɢɱɟɫɤɨɟ ɥɟɝɢɪɨɜɚɧɢɟ, ɩɪɟɞɫɬɚɜ-
ɥɹɸɳɟɟ ɫɨɛɨɣ ɞɥɢɬɟɥɶɧɨɟ ɫɦɟɲɢɜɚɧɢɟ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 
ɩɥɚɧɟɬɚɪɧɨɣ ɲɚɪɨɜɨɣ ɦɟɥɶɧɢɰɟ, ɰɟɥɶɸ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɮɨɪɦɢɪɨɜɚɧɢɟ ɡɚɞɚɧɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɜ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɝɪɚɧɭɥɚɯ. ɑɚɫɬɢɰɵ ɚɪɦɢɪɭɸɳɟɝɨ 
ɤɨɦɩɨɧɟɧɬɚ ɛɥɚɝɨɞɚɪɹ ɫɜɨɢɦ ɮɨɪɦɟ ɢ ɪɚɡɦɟɪɚɦ ɥɟɝɤɨ ɜɧɟɞɪɹɸɬɫɹ ɜɧɭɬɪɶ ɩɥɚɫɬɢɱɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɦɚɬɪɢɰɵ. ɉɨɥɭɱɟɧɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɝɪɚɧɭɥɵ ɩɪɢɨɛɪɟɬɚɸɬ ɫɮɟɪɢɱɟɫɤɭɸ 
ɮɨɪɦɭ ɪɚɡɦɟɪɨɦ ɨɬ 400 ɞɨ θ00 ɦɤɦ, ɚ ɫɬɪɭɤɬɭɪɚ – ɨɞɧɨɪɨɞɧɵɣ ɯɚɪɚɤɬɟɪ. ɉɪɢɦɟɧɟɧɢɟ 
ɦɟɬɨɞɚ ɩɨɪɨɲɤɨɜɨɣ ɦɟɬɚɥɥɭɪɝɢɢ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɆɄɆ ɫ ɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɟɦ ɱɚɫɬɢɰ ɚɪɦɢɪɭɸɳɟɣ ɮɚɡɵ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ ɦɚɬɪɢɱɧɨɝɨ ɫɩɥɚɜɚ, ɢɫɤɥɸɱɚɹ ɨɛɪɚ-
ɡɨɜɚɧɢɟ ɜɬɨɪɢɱɧɨɣ ɮɚɡɵ ɧɚ ɝɪɚɧɢɰɟ «ɦɚɬɪɢɰɚ–ɭɩɪɨɱɧɢɬɟɥɶ» Д14, 1ηЖ. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɞɢɫɩɟɪɫɧɨɭɩɪɨɱɧɟɧɧɨɝɨ ɆɄɆ ɦɚɪɤɢ ȼɄɆββ ɩɨɫɥɟ ɩɪɟɫɫɨɜɚ-
ɧɢɹ ɢ ɝɨɪɹɱɟɣ ɷɤɫɬɪɭɡɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1. Ɉɫɧɨɜɭ ɫɨɫɬɚɜɥɹɟɬ ɚɥɸɦɢɧɢɟɜɵɣ 
ɫɩɥɚɜ ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɜ ɧɟɦ ɚɪɦɢɪɭɸɳɟɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɢɡ SТC. ɍɩɪɨɱɧɹɸɳɚɹ ɮɚɡɚ 
ɧɚ ɨɫɧɨɜɟ ɱɚɫɬɢɰ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɚ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ. 

 

 
Ɋɢɫ. 1. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɞɢɫɩɟɪɫɧɨɭɩɪɨɱɧɟɧɧɨɝɨ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢ-

ɚɥɚ ɦɚɪɤɢ ȼɄɆββ 
 
ɂɡ ɩɪɟɫɫɨɜɚɧɧɵɯ ɢ ɬɟɪɦɨɨɛɪɚɛɨɬɚɧɧɵɯ ɩɪɭɬɤɨɜ ɞɢɚɦɟɬɪɨɦ 18 ɦɦ ɢɡ ɆɄɆ ɦɚɪ-

ɤɢ ȼɄɆββ ɜɵɪɟɡɚɧɵ ɡɚɝɨɬɨɜɤɢ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɢɡ ɤɨɬɨɪɵɯ ɡɚɬɟɦ ɢɡɝɨɬɨɜ-
ɥɟɧɵ ɨɛɪɚɡɰɵ ɞɥɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɪɚɫɬɹɠɟɧɢɟ, ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ, Ɇɐɍ ɢ Ɇɧɐɍ. 

ɂɫɩɵɬɚɧɢɹ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɢ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪɨɜɨɞɢɥɢ ɧɚ ɝɥɚɞɤɢɯ ɰɢ-
ɥɢɧɞɪɢɱɟɫɤɢɯ ɨɛɪɚɡɰɚɯ ɞɢɚɦɟɬɪɨɦ η ɦɦ ɢ ɞɥɢɧɨɣ ɪɚɛɨɱɟɣ ɱɚɫɬɢ βη ɦɦ ɧɚ ɢɫɩɵɬɚ-
ɬɟɥɶɧɵɯ ɦɚɲɢɧɚɯ KКЩЩК η0 DS ɢ KКЩЩК η0 LA Д1θЖ ɩɨ ɦɟɬɨɞɢɤɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ȽɈɋɌ 1497–84 ɢ ȽɈɋɌ 9θη1–84 (ɞɥɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɪɚɫɬɹɠɟɧɢɟ), ɚ ɬɚɤɠɟ 
ȽɈɋɌ 10145–81 (ɞɥɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ).  
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ɂɫɩɵɬɚɧɢɹ ɧɚ Ɇɐɍ ɨɫɭɳɟɫɬɜɥɹɥɢ ɧɚ ɤɨɪɫɟɬɧɵɯ ɨɛɪɚɡɰɚɯ ɞɢɚɦɟɬɪɨɦ η ɦɦ ɢ 
ɞɥɢɧɨɣ ɪɚɛɨɱɟɣ ɱɚɫɬɢ γβ,η ɦɦ ɧɚ ɫɟɪɜɨɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɦɚɲɢɧɟ ɮɢɪɦɵ 
Walter+Bai AG (ɒɜɟɣɰɚɪɢɹ) ɫ ɱɚɫɬɨɬɨɣ 1 Ƚɰ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

ɂɫɩɵɬɚɧɢɹ ɧɚ Ɇɧɐɍ ɩɪɨɜɨɞɢɥɢ ɧɚ ɤɨɪɫɟɬɧɵɯ ɨɛɪɚɡɰɚɯ ɞɢɚɦɟɬɪɨɦ η ɦɦ ɢ ɞɥɢ-
ɧɨɣ ɪɚɛɨɱɟɣ ɱɚɫɬɢ γβ,η ɦɦ ɧɚ ɫɟɪɜɨɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɦɚɲɢɧɟ АКХЭОr+BКТ 
AG ɫ ɱɚɫɬɨɬɨɣ η0 Ƚɰ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɧɚ ɦɚɝɧɢɬɧɨ-ɪɟɡɨɧɚɧɫɧɨɣ ɢɫɩɵɬɚ-
ɬɟɥɶɧɨɣ ɦɚɲɢɧɟ RUεUδ TОsЭrШЧТɫ ɫ ɱɚɫɬɨɬɨɣ 140 Ƚɰ ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ.  

ȼɫɟ ɢɫɩɵɬɚɧɢɹ ɧɚ Ɇɐɍ ɢ Ɇɧɐɍ ɜɵɩɨɥɧɹɥɢ ɩɪɢ ɫɢɦɦɟɬɪɢɱɧɨɦ ɰɢɤɥɟ ɧɚɝɪɭɠɟ-
ɧɢɹ (R=-1) ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɮɨɪɦɵ. Ʉɨɧɬɪɨɥɢɪɭɟɦɵɦ ɩɚɪɚɦɟɬɪɨɦ ɹɜɥɹɥɚɫɶ ɧɚɝɪɭɡɤɚ 
Д17Ж. Ɇɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ ȽɈɋɌ βη.η0β–79.  

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɉɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɆɄɆ ɦɚɪɤɢ ȼɄɆββ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ β0, 
70, 1β0 ɢ 170 °ɋ. ɇɚ ɤɚɠɞɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɭɪɨɜɧɟ ɢɫɩɵɬɵɜɚɥɢ ɩɨ η ɨɛɪɚɡɰɨɜ. 

ȼ ɬɚɛɥ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ȿ, ɩɪɟɞɟɥɚ ɬɟɤɭɱɟ-
ɫɬɢ 0,2, ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɜ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ  ɆɄɆ ɦɚɪɤɢ ȼɄɆββ, ɚ ɬɚɤ-
ɠɟ ɫɩɥɚɜɚ ȼ9η-Ɍ1. ȼɫɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɭɱɟɧɵ ɧɚ ɨɛɪɚɡɰɚɯ, ɜɵɪɟɡɚɧɧɵɯ ɩɪɨɞɨɥɶɧɨ. 

 
Ɍɚɛɥɢɰɚ 1 

ɋɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ, ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ, ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ  
ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ  

ɦɚɪɤɢ ȼɄɆ22 ɢ ɫɩɥɚɜɚ ȼ95-Ɍ1 ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 

ɋɩɥɚɜ 
ȼɢɞ  

ɩɨɥɭɮɚɛɪɢɤɚɬɚ 
Ɍɟɦɩɟɪɚɬɭɪɚ  
ɢɫɩɵɬɚɧɢɹ, °ɋ 

ȿ,  
Ƚɉɚ 

ı
0,2, 

Ɇɉɚ 
ı
ɜ,  

Ɇɉɚ 
į,  
% 

ȼɄɆββ 
ɉɪɭɬɨɤ ɞɢɚɦɟɬɪɨɦ  
18 ɦɦ 

20 109 640 650 0,45 
70 110 650 660 0,95 

120 98 605 620 1,85 
170 98 550 570 5,3 

ȼ9η-Ɍ1* 

ɉɪɭɬɨɤ ɞɢɚɦɟɬɪɨɦ  
ɨɬ η ɞɨ ββ ɦɦ 

20  390 490 6 

ɉɪɟɫɫɨɜɚɧɧɵɟ  
ɩɨɥɭɮɚɛɪɢɤɚɬɵ 

125  480 520 6 

* Ⱦɚɧɧɵɟ ɩɨ ɫɩɥɚɜɭ ȼ9η-Ɍ1 ɜɡɹɬɵ ɢɡ ɫɩɪɚɜɨɱɧɢɤɚ Д18Ж. 
 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥ. 1, ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɨɱ-
ɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɆɄɆ ɦɚɪɤɢ ȼɄɆββ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 70 °ɋ. ɉɪɢ 
ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ >1β0 °ɋ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɱɧɨɫɬɢ ɫɧɢɠɚɸɬɫɹ. ɉɨɤɚɡɚɬɟɥɶ 
ɩɥɚɫɬɢɱɧɨɫɬɢ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɧɨɬɨɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ.  

Ʉɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ ɦɚɪɤɢ ȼɄɆββ ɩɪɟɜɨɫɯɨɞɢɬ ɚɥɸɦɢɧɢɟɜɵɣ ɫɩɥɚɜ 
ȼ9η-Ɍ1 ɩɨ ɫɥɟɞɭɸɳɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ: ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0 °ɋ ɡɧɚɱɟɧɢɹ ɩɪɟɞɟɥɚ 
ɩɪɨɱɧɨɫɬɢ ɜɵɲɟ ɧɚ γγ%, ɚ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ – ɧɚ θ4%. ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɬɨɝɨ, 
ɱɬɨ ɱɚɫɬɢɰɵ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɫɨɡɞɚɸɬ ɞɢɫɥɨɤɚɰɢɨɧɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɤɨɬɨɪɚɹ ɫɥɭɠɢɬ ɛɚ-
ɪɶɟɪɨɦ ɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɬɨɪɦɨɠɟɧɢɸ ɞɢɫɥɨɤɚɰɢɣ Д19Ж. 

ɂɫɩɵɬɚɧɢɹ ɆɄɆ ɦɚɪɤɢ ȼɄɆββ ɢ ɫɩɥɚɜɚ ȼ9η-Ɍ1 ɩɪɨɜɟɞɟɧɵ ɩɪɢ ɪɚɛɨɱɢɯ ɬɟɦɩɟ-
ɪɚɬɭɪɚɯ ɧɚ ɪɚɡɧɵɯ ɩɨɥɭɮɚɛɪɢɤɚɬɚɯ. Ɍɟɦɩɟɪɚɬɭɪɚ ɢɫɩɵɬɚɧɢɣ ɨɬɥɢɱɚɥɚɫɶ ɧɚ η °ɋ, ɩɨɷɬɨɦɭ 
ɩɪɟɜɨɫɯɨɞɫɬɜɨ ɆɄɆ ɩɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɩɪɨɱɧɨɫɬɢ ɛɭɞɟɬ ɤɨɫɜɟɧɧɨɟ: ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 
120–125 °ɋ ɡɧɚɱɟɧɢɹ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɜɵɲɟ ɧɚ 19%, ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ – ɧɚ βθ%. 

ɉɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɆɄɆ ɦɚɪɤɢ ȼɄɆββ ɩɪɢ ɬɟɦ-
ɩɟɪɚɬɭɪɚɯ 100 ɢ 1β0 °ɋ ɫ ɞɨɥɝɨɜɟɱɧɨɫɬɹɦɢ ɞɨ η00 ɱ. ɇɚ ɤɚɠɞɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɭɪɨɜɧɟ 
ɢɫɩɵɬɵɜɚɥɢ ɩɨ 1β ɨɛɪɚɡɰɨɜ – ɩɨ 4 ɨɛɪɚɡɰɚ ɧɚ ɤɚɠɞɭɸ ɛɚɡɭ ɢɫɩɵɬɚɧɢɣ. 
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ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɨɞɜɟɪɝɚɥɢ ɫɬɚɬɢ-
ɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɪɚɜɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɫɢɥɨɜɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
ɜɪɟɦɟɧɢ ɞɨ ɪɚɡɪɭɲɟɧɢɹ Ĳɪ [20]: 

)
ηı

exp(ıξĲ 0
ɪ RT

U
T nm   , 

ɝɞɟ Ɍ – ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ; ı – ɧɚɩɪɹɠɟɧɢɟ, Ɇɉɚ; ξ, m, n, U0, η – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ; R – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ.  
 

Ɋɚɫɱɟɬ ɩɨ ɞɚɧɧɨɦɭ ɭɪɚɜɧɟɧɢɸ ɩɨɡɜɨɥɢɥ ɨɩɪɟɞɟɥɢɬɶ ɩɪɟɞɟɥɵ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱ-
ɧɨɫɬɢ ɆɄɆ ɦɚɪɤɢ ȼɄɆββ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 100 ɢ 1β0 °ɋ (ɬɚɛɥ. β), ɚ ɬɚɤɠɟ ɩɨɫɬɪɨɢɬɶ 
ɤɪɢɜɵɟ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ (ɪɢɫ. β).  

 
Ɍɚɛɥɢɰɚ 2 

Ɂɧɚɱɟɧɢɹ ɩɪɟɞɟɥɨɜ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ  
ɦɚɬɟɪɢɚɥɚ ɦɚɪɤɢ ȼɄɆ22 ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɹɯ 

ɋɩɥɚɜ ȼɢɞ  
ɩɨɥɭɮɚɛɪɢɤɚɬɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɢɫɩɵɬɚɧɢɹ, °ɋ 

ɉɪɟɞɟɥ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ, Ɇɉɚ,  
ɩɪɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ, ɱ 

10 100 500 
ȼɄɆββ 
 

ɉɪɭɬɨɤ  
ɞɢɚɦɟɬɪɨɦ 18 ɦɦ 

100 365 295 250 
120 290 235 200 

ȼ9η-Ɍ1* Ʌɢɫɬɵ ɢ ɩɥɢɬɵ 100 – 390 – 
* Ⱦɚɧɧɵɟ ɩɨ ɫɩɥɚɜɭ ȼ9η-Ɍ1 ɜɡɹɬɵ ɢɡ ɫɩɪɚɜɨɱɧɢɤɚ Д18Ж. 
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Ɋɢɫ. β. Ʉɪɢɜɵɟ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɚɪɤɢ 

ȼɄɆββ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 100 (▲) ɢ 1β0 °ɋ (■) 
 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɬɟɦ-

ɩɟɪɚɬɭɪɚɯ 100 ɢ 1β0 °ɋ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɨɥɝɨɜɟɱɧɨɫɬɟɣ ɨɬ 10 ɞɨ η00 ɱ ɩɪɟɞɟɥɵ ɞɥɢɬɟɥɶ-
ɧɨɣ ɩɪɨɱɧɨɫɬɢ ɭɦɟɧɶɲɚɸɬɫɹ.  

Ɂɧɚɱɟɧɢɹ ɩɪɟɞɟɥɨɜ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɫɩɥɚɜɚ ȼ9η-Ɍ1, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɬɟɦ-
ɩɟɪɚɬɭɪɟ 100 °ɋ ɧɚ ɩɨɥɭɮɚɛɪɢɤɚɬɚɯ «ɥɢɫɬ» ɢ «ɩɥɢɬɚ», ɩɪɟɜɵɲɚɸɬ ɡɧɚɱɟɧɢɹ ɚɧɚɥɨɝɢɱ-
ɧɵɯ ɩɪɟɞɟɥɨɜ ɆɄɆ ɦɚɪɤɢ ȼɄɆββ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɩɨɥɭɮɚɛɪɢɤɚɬɟ «ɩɪɭɬɨɤ», ɧɚ γβ%. 
ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɢɫɩɵɬɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɧɚ ɪɚɡɧɵɯ ɩɨɥɭɮɚɛɪɢɤɚɬɚɯ, ɩɪɢ ɷɬɨɦ 
ɦɚɬɪɢɰɚ ɢ ɚɪɦɢɪɭɸɳɢɟ ɱɚɫɬɢɰɵ ɆɄɆ ɢɦɟɸɬ ɪɚɡɥɢɱɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɜɧɭɬɪɟɧɧɢɦ ɧɚɩɪɹɠɟɧɢɹɦ Дβ1Ж. 

ɉɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɆɄɆ ɦɚɪɤɢ ȼɄɆββ ɧɚ Ɇɐɍ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ β0  
ɢ 100 °ɋ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɟɞɟɥɚ ɜɵɧɨɫɥɢɜɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɜɟɪɨɹɬɧɨɫɬɢ  
ɧɟɪɚɡɪɭɲɟɧɢɹ η0%, ɢɫɩɵɬɚɧɨ 1η ɨɛɪɚɡɰɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0 °ɋ ɢ β1 ɨɛɪɚɡɟɰ − ɩɪɢ 
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ɬɟɦɩɟɪɚɬɭɪɟ 100 °ɋ ɧɚ ɛɚɡɟ 104 ɰɢɤɥɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɟɞɟɥɨɜ ɜɵɧɨɫɥɢɜɨɫɬɢ ɢ 
ɪɟɡɭɥɶɬɚɬɵ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. γ. 

 
Ɍɚɛɥɢɰɚ 3 

Ɂɧɚɱɟɧɢɹ ɩɪɟɞɟɥɨɜ ɜɵɧɨɫɥɢɜɨɫɬɢ Ɇɐɍ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ  
ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɚɪɤɢ ȼɄɆ22  

ɢ ɫɩɥɚɜɚ 7075 ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɋɩɥɚɜ ȼɢɞ  

ɩɨɥɭɮɚɛɪɢɤɚɬɚ 
Ɍɟɦɩɟɪɚɬɭɪɚ  
ɢɫɩɵɬɚɧɢɹ,  

°ɋ 

Ʉɨɷɮɮɢɰɢɟɧɬɵ 
ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ 

ɉɪɟɞɟɥ ɜɵɧɨɫɥɢɜɨɫɬɢ, 
Ɇɉɚ, ɧɚ ɛɚɡɟ  
104 ɰɢɤɥɨɜ a b 

ȼɄɆββ 
 

ɉɪɭɬɨɤ  
ɞɢɚɦɟɬɪɨɦ 18 ɦɦ 

20 53,71 -18,56 470 
100 25,67 -8,39 360 

7075* ɉɪɭɬɨɤ  
ɞɢɚɦɟɬɪɨɦ η4 ɦɦ 

20   280 

* Ⱦɚɧɧɵɟ ɩɨ ɫɩɥɚɜɭ 707η ɜɡɹɬɵ ɢɡ ɪɚɛɨɬɵ ДββЖ. 

 
ɍɪɚɜɧɟɧɢɟ ɤɪɢɜɨɣ ɭɫɬɚɥɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɬɟɩɟɧɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ımN=const, 

ɤɨɬɨɪɨɟ ɩɨɫɥɟ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɢɹ ɩɪɢɧɢɦɚɟɬ ɮɨɪɦɭ lgN=a+blgı ɢ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɩɪɹ-
ɦɨɣ ɥɢɧɢɟɣ ɜ ɫɢɫɬɟɦɟ ɞɜɨɣɧɵɯ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ ɤɨɨɪɞɢɧɚɬ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɥɨɝɚ-
ɪɢɮɦ ɧɚɩɪɹɠɟɧɢɹ ХРı ɹɜɥɹɟɬɫɹ ɧɟɡɚɜɢɫɢɦɨɣ ɩɟɪɟɦɟɧɧɨɣ, ɚ ɥɨɝɚɪɢɮɦ ɤɨɥɢɱɟɫɬɜɚ ɰɢɤ-
ɥɨɜ ɞɨ ɪɚɡɪɭɲɟɧɢɹ lgN – ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɨɣ.  

ɍ ɨɛɪɚɡɰɨɜ, ɢɫɩɵɬɚɧɧɵɯ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɤɨɷɮɮɢɰɢɟɧɬ b ɭɪɚɜɧɟɧɢɹ 
ɪɟɝɪɟɫɫɢɢ ɢɦɟɟɬ ɜ зβ ɪɚɡɚ ɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ, ɧɚɛɥɸɞɚɟ-
ɦɵɦ ɭ ɨɛɪɚɡɰɨɜ, ɢɫɩɵɬɚɧɧɵɯ ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧ-
ɬɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɪɚɜɧɨɦ ɭɦɟɧɶɲɟɧɢɢ ɚɦɩɥɢɬɭɞɵ ɧɚɩɪɹɠɟɧɢɣ ɝɨɪɚɡɞɨ ɢɧɬɟɧɫɢɜɧɟɟ 
ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɭ ɨɛɪɚɡɰɨɜ, ɢɫɩɵɬɚɧɧɵɯ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭ-
ɪɟ (ɪɢɫ. γ). Ⱦɨɥɝɨɜɟɱɧɨɫɬɶ ɩɪɢ ɜɫɟɯ ɡɧɚɱɟɧɢɹɯ ɫɢɦɦɟɬɪɢɱɧɨɝɨ ɰɢɤɥɚ «ɪɚɫɬɹɠɟɧɢɟ–ɫɠɚɬɢɟ» 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɛɥɚɫɬɢ ɦɚɥɨɰɢɤɥɨɜɨɝɨ ɭɫɬɚɥɨɫɬɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ, ɢ ɪɚɡɪɭɲɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ 
ɜ ɭɩɪɭɝɨɣ ɨɛɥɚɫɬɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ β0 ɢ 100 °ɋ ɜ ɨɛɥɚɫɬɢ ɞɨɥɝɨɜɟɱɧɨ-
ɫɬɢ ɫ ɩɪɟɞɟɥɨɦ ɜɵɧɨɫɥɢɜɨɫɬɢ ɧɚ ɛɚɡɟ η·103 ɰɢɤɥɨɜ ɜɟɪɯɧɢɣ ɭɪɨɜɟɧɶ ɚɦɩɥɢɬɭɞɵ ɧɚɩɪɹɠɟ-
ɧɢɣ ɫɨɫɬɚɜɥɹɟɬ 0,77 ɨɬ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ. ɉɪɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɫ ɩɪɟɞɟɥɨɦ ɜɵɧɨɫɥɢɜɨɫɬɢ ɧɚ 
ɛɚɡɟ 104 ɰɢɤɥɨɜ ɚɦɩɥɢɬɭɞɚ ɧɚɩɪɹɠɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ 0,7η ɨɬ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚ-
ɬɭɪɟ β0 °ɋ ɢ 0,θγ – ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 100 °ɋ. Ɂɧɚɱɟɧɢɟ ɩɪɟɞɟɥɚ ɜɵɧɨɫɥɢɜɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚ-
ɬɭɪɟ 100 °ɋ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɟɝɨ ɡɧɚɱɟɧɢɟɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0 °ɋ, ɧɚ ɛɚɡɟ ɢɫɩɵɬɚɧɢɣ  
104 ɰɢɤɥɨɜ ɫɧɢɡɢɥɨɫɶ ɧɚ βγ%. 
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Ɋɢɫ. γ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɦɚɥɨɰɢɤɥɨɜɭɸ ɭɫɬɚɥɨɫɬɶ ɨɛɪɚɡɰɨɜ  

ɢɡ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɚɪɤɢ ȼɄɆββ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ β0 (▲)  
ɢ 100 °ɋ (●) 
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Ɂɧɚɱɟɧɢɟ ɩɪɟɞɟɥɚ ɜɵɧɨɫɥɢɜɨɫɬɢ ɆɄɆ ɦɚɪɤɢ ȼɄɆββ, ɩɨɥɭɱɟɧɧɨɟ ɧɚ ɛɚɡɟ  
104 ɰɢɤɥɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0 °ɋ, ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧɢɟ ɚɧɚɥɨɝɢɱɧɨɝɨ ɩɪɟɞɟɥɚ ɫɩɥɚ-
ɜɚ 707η ɧɚ θ8%. 

ɉɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɆɄɆ ɦɚɪɤɢ ȼɄɆββ ɧɚ Ɇɧɐɍ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ β0 ɢ 
100 °ɋ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɟɞɟɥɚ ɜɵɧɨɫɥɢɜɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɜɟɪɨɹɬɧɨɫɬɢ ɧɟɪɚɡ-
ɪɭɲɟɧɢɹ η0% ɩɪɢ ɤɚɠɞɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɢɫɩɵɬɚɧɨ 1η ɨɛɪɚɡɰɨɜ ɧɚ ɛɚɡɟ β·107 ɰɢɤɥɨɜ.  
ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɟɞɟɥɨɜ ɜɵɧɨɫɥɢɜɨɫɬɢ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 4. 

 
Ɍɚɛɥɢɰɚ 4 

Ɂɧɚɱɟɧɢɹ ɩɪɟɞɟɥɨɜ ɜɵɧɨɫɥɢɜɨɫɬɢ Ɇɧɐɍ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ  
ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɚɪɤɢ ȼɄɆ22 ɢ ɫɩɥɚɜɚ ȼ95-Ɍ1  

ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɋɩɥɚɜ ȼɢɞ  

ɩɨɥɭɮɚɛɪɢɤɚɬɚ 
Ɍɟɦɩɟɪɚɬɭɪɚ  
ɢɫɩɵɬɚɧɢɹ,  

°ɋ 

Ʉɨɷɮɮɢɰɢɟɧɬɵ 
ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ 

ɉɪɟɞɟɥ ɜɵɧɨɫɥɢɜɨɫɬɢ, 
Ɇɉɚ, ɧɚ ɛɚɡɟ  
β·107 ɰɢɤɥɨɜ a b 

ȼɄɆββ 
 

ɉɪɭɬɨɤ  
ɞɢɚɦɟɬɪɨɦ 18 ɦɦ 

20 42,6 14,67 240 
100 37,25 12,76 220 

ȼ9η-Ɍ1* ɉɥɢɬɚ  
ɬɨɥɳɢɧɨɣ θ0 ɦɦ 

20 – 170 

* Ⱦɚɧɧɵɟ ɩɨ ɫɩɥɚɜɭ ȼ9η-Ɍ1 ɜɡɹɬɵ ɢɡ ɪɚɛɨɬɵ ДβγЖ. 

 
ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɵ ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ, ɩɨɫɬɪɨɟɧɧɵɟ ɩɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ  

ɞɚɧɧɵɦ ɪɚɡɪɭɲɟɧɧɵɯ ɨɛɪɚɡɰɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɟɞɢɚɧɧɨɣ ɤɪɢɜɨɣ. ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ. 
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Ɋɢɫ. 4. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɦɧɨɝɨɰɢɤɥɨɜɭɸ ɭɫɬɚɥɨɫɬɶ ɪɚɡɪɭɲɟɧ-

ɧɵɯ (▲, ●) ɢ ɧɟɪɚɡɪɭɲɟɧɧɵɯ (, ○) ɨɛɪɚɡɰɨɜ ɢɡ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɦɚɪɤɢ ȼɄɆββ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ β0 (▲, ) ɢ 100 °ɋ (●, ○) 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥ. 4, ɨɛɪɚɡɰɵ, ɢɫɩɵɬɚɧɧɵɟ ɩɪɢ ɬɟɦ-

ɩɟɪɚɬɭɪɟ β0 °ɋ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɩɪɟɞɟɥɨɦ ɜɵɧɨɫɥɢɜɨɫɬɢ, ɱɟɦ ɨɛɪɚɡɰɵ, 
ɢɫɩɵɬɚɧɧɵɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 100 °ɋ: ɩɪɟɜɵɲɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 9% ɧɚ ɛɚɡɟ 
β·107 ɰɢɤɥɨɜ. ɍ ɨɛɪɚɡɰɨɜ, ɢɫɩɵɬɚɧɧɵɯ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɧɚɛɥɸɞɚɟɬɫɹ ɧɟ-
ɫɤɨɥɶɤɨ ɛɨɥɶɲɢɣ ɭɝɨɥ ɧɚɤɥɨɧɚ ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ ɤ ɨɫɢ ɰɢɤɥɨɜ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɪɚɡ-
ɰɚɦɢ, ɢɫɩɵɬɚɧɧɵɦɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 100 °ɋ. Ʉɨɷɮɮɢɰɢɟɧɬ b ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ 
ɢɦɟɟɬ ɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɭ ɨɛɪɚɡɰɨɜ, ɢɫɩɵɬɚɧɧɵɯ ɩɪɢ 
ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ.  
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Ɂɧɚɱɟɧɢɟ ɩɪɟɞɟɥɚ ɜɵɧɨɫɥɢɜɨɫɬɢ ɆɄɆ ɦɚɪɤɢ ȼɄɆββ, ɩɨɥɭɱɟɧɧɨɟ ɧɚ ɛɚɡɟ  
β·107 ɰɢɤɥɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0 °ɋ ɧɚ ɩɨɥɭɮɚɛɪɢɤɚɬɟ «ɩɪɭɬɨɤ», ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧɢɟ 
ɚɧɚɥɨɝɢɱɧɨɝɨ ɩɪɟɞɟɥɚ ɫɩɥɚɜɚ ȼ9η-Ɍ1, ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɩɨɥɭɮɚɛɪɢɤɚɬɟ «ɩɥɢɬɚ», ɧɚ 41%. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɢɫɩɟɪɫɧɨɭɩɪɨɱɧɟɧɧɨɝɨ ɆɄɆ ɦɚɪɤɢ 
ȼɄɆββ ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɢ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ, 
ɚ ɬɚɤɠɟ Ɇɐɍ ɢ Ɇɧɐɍ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ.  

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɞɨɫɬɢɝɚɟɬ-
ɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 70 °ɋ; ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ >1β0 °ɋ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɱɧɨɫɬɢ  
ɫɧɢɠɚɸɬɫɹ.  

ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɵɬɚɧɢɣ ɫ β0 ɞɨ 100 °ɋ ɩɪɟɞɟɥ ɜɵɧɨɫɥɢɜɨɫɬɢ 
Ɇɐɍ ɫɧɢɠɚɟɬɫɹ ɧɚ βγ% ɩɪɢ ɛɚɡɟ ɢɫɩɵɬɚɧɢɣ 104 ɰɢɤɥɨɜ, ɚ ɩɪɟɞɟɥ ɜɵɧɨɫɥɢɜɨɫɬɢ Ɇɧɐɍ – 
ɧɚ 8% ɩɪɢ ɛɚɡɟ ɢɫɩɵɬɚɧɢɹ β·107 ɰɢɤɥɨɜ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɚɪɦɢɪɭɸɳɟɣ ɮɚɡɵ ɱɚɫɬɢɰ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɫ ɫɨɞɟɪ-
ɠɚɧɢɟɦ ββ,η% (ɨɛɴɟɦɧ.) ɜ ɚɥɸɦɢɧɢɟɜɵɣ ɫɩɥɚɜ ȼ9η-Ɍ1 ɩɨɡɜɨɥɢɥɨ ɩɨɜɵɫɢɬɶ ɫɥɟɞɭɸɳɢɟ 
ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɢ Ɇɐɍ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ ɛɚɡɟ 104 ɰɢɤɥɨɜ: ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ – ɧɚ γγ%, ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ – ɧɚ 
θ4%, ɩɪɟɞɟɥ ɜɵɧɨɫɥɢɜɨɫɬɢ – ɧɚ θ8%. 

 
Ȼɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɣ ɫɩɢɫɨɤ 

1. ɂɫɬɨɪɢɹ ɚɜɢɚɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ. ȼɂȺɆ – 80 ɥɟɬ: ɝɨɞɵ ɢ ɥɸɞɢ / ɩɨɞ ɨɛɳ. ɪɟɞ.  
ȿ.ɇ. Ʉɚɛɥɨɜɚ. Ɇ.: ȼɂȺɆ, β01β. η19 ɫ. 

2. Ʉɚɛɥɨɜ ȿ.ɇ. ɋɨɜɪɟɦɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ – ɨɫɧɨɜɚ ɢɧɧɨɜɚɰɢɨɧɧɨɣ ɦɨɞɟɪɧɢɡɚɰɢɢ Ɋɨɫɫɢɢ // Ɇɟ-
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ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɜɨɣɫɬɜ ɫɟɪɢɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɝ-
ɥɟɩɥɚɫɬɢɤɨɜ ɧɚ ɨɫɧɨɜɟ ɮɬɚɥɨɧɢɬɪɢɥɶɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɩɨɫɥɟ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɜ 
ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ: ɭɦɟɪɟɧɧɵɣ ɤɥɢɦɚɬ, ɭɦɟɪɟɧɧɨ ɬɟɩɥɵɣ ɤɥɢɦɚɬ ɫ ɦɹɝɤɨɣ ɡɢ-
ɦɨɣ, ɬɟɩɥɵɣ ɜɥɚɠɧɵɣ ɤɥɢɦɚɬ, ɨɱɟɧɶ ɯɨɥɨɞɧɵɣ ɤɥɢɦɚɬ. ɂɫɫɥɟɞɨɜɚɧɨ ɫɨɫɬɨɹɧɢɟ  
ɩɨɜɟɪɯɧɨɫɬɢ ɭɝɥɟɩɥɚɫɬɢɤɨɜ, ɨɩɪɟɞɟɥɟɧɵ ɢɯ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ ɢ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ. ɉɨɫɥɟ ɷɤɫ-
ɩɨɡɢɰɢɢ ɭɝɥɟɩɥɚɫɬɢɤɢ ɩɨɤɚɡɚɥɢ ɜɵɫɨɤɨɟ ɫɨɯɪɚɧɟɧɢɟ ɫɜɨɣɫɬɜ ɨɬ ɭɪɨɜɧɹ ɢɫɯɨɞɧɵɯ ɡɧɚɱɟɧɢɣ: 
80–90% – ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɣ ɢ 60–75% – ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 300 °ɋ.  

Ключевые слова: ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɭɝɥɟɩɥɚɫɬɢɤ, ɮɬɚɥɨɧɢɬɪɢɥɶɧɨɟ ɫɜɹɡɭɸɳɟɟ, 
ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɡɨɧɵ, ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ. 

 
I.N. Gulyev1, I.V. Zelenina1, E.O. Valevin1, M.A. Khaskov1 

 
INFLUENCE  OF  CLIMATIC  AGEING  ON  THE  PROPERTIES  
OF  HIGH-TEMPERATURE  CARBON  FIBER  REINFORCED  PLASTICS 

 
Presents the  results of of research of the properties of a series of high-temperature carbon 

plastics based on phthalonitrile resin after long-term exposure in various climatic zones: tem-
perate climate, moderately warm climate with mild winters, warm humid climate, very cold cli-
mate are presented. The state of the surface of carbon fiber reinforced plastics has been investi-
gated, their thermal stability and water absorption have been determined. After exposure, 
CFRPs showed high retention of properties from the level of the initial values: 80–90% at room 
temperature of tests and 60–75% Кt К tОЦpОrКtЮrО ШП 300 °ɋ. 

Keywords: high-temperature carbon plastics, phthalonitrile resin, climatic zones, strength 
characteristics, water absorption. 
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ȼɜɟɞɟɧɢɟ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɱɢɤɢ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɨ-
ɜɪɟɦɟɧɧɵɯ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɯ ɢɡɞɟɥɢɣ ɫ ɭɥɭɱɲɟɧɧɨɣ ɜɟɫɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ, ɚ 
ɬɚɤɠɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɭɪɨɜɧɹ ɢɯ ɭɩɪɭɝɨ-ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɲɢ-
ɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬ ɩɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ (ɉɄɆ) 1, 2. 

ȼɨɩɪɨɫɚɦ ɫɬɚɪɟɧɢɹ ɉɄɆ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ 
ɡɨɧ ɩɪɢɞɚɟɬɫɹ ɨɝɪɨɦɧɨɟ ɡɧɚɱɟɧɢɟ Д3–5Ж. Ʉ ɉɄɆ, ɢɫɩɨɥɶɡɭɟɦɵɦ ɜ ɢɡɞɟɥɢɹɯ ɚɜɢɚɰɢɨɧ-
ɧɨɣ ɬɟɯɧɢɤɢ, ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɤ ɤɨɦɩɥɟɤɫɭ ɫɜɨɣɫɬɜ, ɧɨ ɢ ɤ 
ɢɯ ɫɬɚɛɢɥɶɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɟɯɧɢɤɢ, ɚ ɞɥɹ ɨɫɨɛɨ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɞɟɬɚɥɟɣ ɢɡ 
ɉɄɆ – ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɫɨɯɪɚɧɟɧɢɸ ɢɯ ɡɚɞɚɧɧɨɝɨ ɭɪɨɜɧɹ ɡɧɚɱɟɧɢɣ, ɤɚɤ ɜ ɨɛɵɱɧɵɯ ɭɫɥɨɜɢ-
ɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɬɚɤ ɢ ɜ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. ɋɭɳɟɫɬɜɟɧɧɨɟ  
ɜɥɢɹɧɢɟ ɧɚ ɉɄɆ ɜ ɩɪɨɰɟɫɫɟ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡɞɟɥɢɣ ɨɤɚɡɵɜɚɸɬ ɫɥɟɞɭɸɳɢɟ 
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ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɮɚɤɬɨɪɵ: ɬɟɦɩɟɪɚɬɭɪɚ, ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɚɬɦɨɫɮɟɪɧɵɟ 
ɨɫɚɞɤɢ, ɫɨɥɧɟɱɧɚɹ ɪɚɞɢɚɰɢɹ ɢ ɰɢɤɥɢɱɟɫɤɨɟ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡ-
ɞɭɯɚ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɵɡɜɚɬɶ ɫɧɢɠɟɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ Дθ–9].  

Ɉɫɨɛɟɧɧɨ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɤ ɜɟɫɨɜɵɦ ɢ ɭɞɟɥɶɧɵɦ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɚɦ ɫɢɥɨɜɵɯ ɭɫɬɚɧɨɜɨɤ. ɋɧɢɠɟɧɢɟ ɦɚɫɫɵ ɞɜɢɝɚɬɟɥɹ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ ɜ ɪɟ-
ɡɭɥɶɬɚɬɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɪɦɢɪɨɜɚɧɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
(ɚ ɢɦɟɧɧɨ – ɢɯ ɭɧɢɤɚɥɶɧɵɯ ɫɜɨɣɫɬɜ) ɢ ɧɨɜɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ Д10–14Ж. Ⱦɚɥɶ-
ɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɞɨɥɢ ɉɄɆ ɜ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɢɡɞɟɥɢɹɯ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ 
ɩɪɨɢɫɯɨɞɢɬ ɬɚɤɠɟ ɛɥɚɝɨɞɚɪɹ ɭɜɟɥɢɱɟɧɢɸ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɞɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɜɧɟɞɪɹɬɶ ɢɯ ɜ ɬɟɩɥɨɧɚɝɪɭɠɟɧɧɵɟ ɷɥɟɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɣ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɨ 
ɜɫɟɦ ɦɢɪɟ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɜ Ɋɨɫɫɢɢ, ɫɩɪɨɫ ɧɚ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɜ ɱɚɫɬ-
ɧɨɫɬɢ ɧɚ ɭɝɥɟɩɥɚɫɬɢɤɢ, ɩɨɜɵɫɢɥɫɹ Д1η–17Ж. Ɉɞɧɢɦ ɢɡ ɩɪɢɦɟɪɨɜ ɹɜɥɹɟɬɫɹ ɡɚɦɟɧɚ ɪɚɛɨɱɟ-
ɝɨ ɤɨɥɟɫɚ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ (ɊɄɐɄ), ɜɵɩɨɥɧɟɧɧɨɝɨ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ, ɧɚ 
ɊɄɐɄ, ɢɡɝɨɬɨɜɥɟɧɧɨɟ ɢɡ ɉɄɆ, ɫ ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɦɚɫɫɵ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɜ ɜɟɪɬɨ-
ɥɟɬɧɵɯ ɞɜɢɝɚɬɟɥɹɯ ɬɪɟɬɶɟɝɨ ɩɨɤɨɥɟɧɢɹ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɝɨ ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɩɚɫɩɨɪɬɢ-
ɡɨɜɚɧɵ ɦɚɬɟɪɢɚɥɵ ɧɚ ɪɚɛɨɱɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɞɨ γ00 °ɋ ɧɚ ɨɫɧɨɜɟ ɮɬɚɥɨɧɢɬɪɢɥɶɧɨɝɨ ɫɜɹ-
ɡɭɸɳɟɝɨ: ɭɝɥɟɩɥɚɫɬɢɤ ɦɚɪɤɢ ȼɄɍ-γ8ɌɊ ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɥɨɩɚɬɨɤ ɢ ɭɝɥɟɩɥɚɫɬɢɤ ɦɚɪɤɢ 
ȼɄɍ-γ8ɀɇ ɞɥɹ ɤɨɥɶɰɟɜɵɯ ɷɥɟɦɟɧɬɨɜ 18.  

Ⱦɜɢɝɚɬɟɥɶ ɢ ɊɄɐɄ ɜ ɟɝɨ ɫɨɫɬɚɜɟ – ɷɬɨ ɨɫɨɛɨ ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɢɡɞɟɥɢɹ, ɞɥɹ ɷɤɫɩɥɭ-
ɚɬɚɰɢɢ ɤɨɬɨɪɵɯ ɧɟɞɨɫɬɚɬɨɱɧɨ ɫɜɟɞɟɧɢɣ ɨ ɫɜɨɣɫɬɜɚɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ, 
ɧɟɨɛɯɨɞɢɦɚ ɨɰɟɧɤɚ ɫɬɚɛɢɥɶɧɨɫɬɢ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɪɨɰɟɫɫɟ ɩɪɢɦɟɧɟɧɢɹ ɢɥɢ ɯɪɚ-
ɧɟɧɢɹ ɢɡɞɟɥɢɣ ɢɡ ɧɢɯ. 

Ɉɰɟɧɤɭ ɫɬɚɛɢɥɶɧɨɫɬɢ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɪɨɰɟɫɫɟ ɯɪɚɧɟɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ 
ɭɤɚɡɚɧɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɫɭɳɟɫɬɜɥɹɸɬ ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ. Ⱦɥɹ ɢɡɞɟɥɢɣ ɢ ɦɚɬɟɪɢɚɥɨɜ ɫɭɳɟɫɬɜɭɸɬ ɞɜɚ ɢɯ ɨɫɧɨɜɧɵɯ ɜɢɞɚ: 
ɥɚɛɨɪɚɬɨɪɧɵɟ ɢɫɩɵɬɚɧɢɹ ɞɥɹ ɨɰɟɧɤɢ ɫɬɨɣɤɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɨɞɧɨɝɨ ɢɥɢ 
ɧɟɫɤɨɥɶɤɢɯ ɢɫɤɭɫɫɬɜɟɧɧɨ ɫɨɡɞɚɧɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɢ ɧɚɬɭɪɧɵɟ ɢɫɩɵɬɚɧɢɹ ɧɚ 
ɨɬɤɪɵɬɵɯ ɚɬɦɨɫɮɟɪɧɵɯ ɩɥɨɳɚɞɤɚɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɪɚɡɥɢɱɧɵɯ 
ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ, ɝɞɟ ɧɚ ɦɚɬɟɪɢɚɥ ɜɨɡɞɟɣɫɬɜɭɟɬ ɩɨɥɧɵɣ ɤɨɦɩɥɟɤɫ ɤɥɢɦɚɬɢɱɟɫɤɢɯ 
ɮɚɤɬɨɪɨɜ. Ʌɚɛɨɪɚɬɨɪɧɵɟ ɢɫɩɵɬɚɧɢɹ ɞɥɹ ɨɰɟɧɤɢ ɫɬɨɣɤɨɫɬɢ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɢɫɤɭɫɫɬɜɟɧɧɨ 
ɫɨɡɞɚɧɧɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ ɩɪɨɜɨɞɹɬ ɧɚ ɫɬɚɞɢɢ ɩɚɫɩɨɪɬɢɡɚɰɢɢ ɦɚɬɟɪɢɚɥɚ, ɚ 
ɞɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɟɫɬɟɫɬɜɟɧɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɢɫɩɵɬɚɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɨɫɭ-
ɳɟɫɬɜɥɹɸɬ ɩɨɫɥɟ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ 19, 20. 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɜɨɣɫɬɜ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɦɚ-
ɪɨɤ ȼɄɍ-γ8ɌɊ ɢ ȼɄɍ-38ɀɇ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɊɄɐɄ ɧɚ ɪɚɛɨɱɭɸ ɬɟɦɩɟɪɚɬɭ-
ɪɭ ɞɨ γ00 °ɋ, ɚ ɬɚɤɠɟ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-γ8 ɧɚ ɨɫɧɨɜɟ ɮɬɚɥɨɧɢɬɪɢɥɶɧɨɝɨ ɫɜɹɡɭɸɳɟ-
ɝɨ ɩɨɫɥɟ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 1γ. «ɉɨɥɢɦɟɪɧɵɟ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ»). 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɭɝɥɟɩɥɚɫɬɢɤɢ ɫɟɪɢɢ 
ȼɄɍ-γ8 (ɬɚɛɥ. 1) ɧɚ ɨɫɧɨɜɟ ɮɬɚɥɨɧɢɬɪɢɥɶɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ȼɋɇ-γ1 ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ 
ɧɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 1θγη0–80: 

– ɭɦɟɪɟɧɧɵɣ ɤɥɢɦɚɬ (ɝ. Ɇɨɫɤɜɚ);  
– ɭɦɟɪɟɧɧɨ ɬɟɩɥɵɣ ɤɥɢɦɚɬ ɫ ɦɹɝɤɨɣ ɡɢɦɨɣ (ɝ. Ƚɟɥɟɧɞɠɢɤ); 
– ɬɟɩɥɵɣ ɜɥɚɠɧɵɣ ɤɥɢɦɚɬ (ɝ. ɋɨɱɢ);  
– ɨɱɟɧɶ ɯɨɥɨɞɧɵɣ ɤɥɢɦɚɬ (ɝ. əɤɭɬɫɤ).  
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Ɍɚɛɥɢɰɚ 1 
ɍɝɥɟɩɥɚɫɬɢɤɢ ɫɟɪɢɢ ȼɄɍ-38 ɧɚ ɨɫɧɨɜɟ ɫɜɹɡɭɸɳɟɝɨ ɦɚɪɤɢ ȼɋɇ-31 

ɍɝɥɟɩɥɚɫɬɢɤ ɇɚɩɨɥɧɢɬɟɥɶ 
ɍɤɥɚɞɤɚ 

ɧɚɩɨɥɧɢɬɟɥɹ 
Ɇɟɫɬɨ ɢ ɫɪɨɤ 
ɷɤɫɩɨɡɢɰɢɢ 

ȼɧɟɲɧɢɣ ɜɢɞ  
ɢɫɯɨɞɧɵɯ  

ɭɝɥɟɩɥɚɫɬɢɤɨɜ 
ȼɄɍ-38 
(ɩɚɫɩɨɪɬ №1887) 

Ɉɞɧɨɧɚɩɪɚɜɥɟɧɧɚɹ ɬɤɚɧɶ 
ɍɌɈȼ-300-β00 ɢɡ ɜɵɫɨɤɨɦɨ-
ɞɭɥɶɧɨɝɨ ɭɝɥɟɪɨɞɧɨɝɨ ɠɝɭɬɚ 
ɀȽȼ-430-1βɤ ɫ ɥɢɧɟɣɧɨɣ 
ɩɥɨɬɧɨɫɬɶɸ 44η ɬɟɤɫ 

Д0/90/˃4ηЖn ɝ. Ɇɨɫɤɜɚ  
ɢ ɝ. ɋɨɱɢ – η ɥɟɬ,  
ɝ. əɤɭɬɫɤ – γ ɝɨɞɚ 

 
ȼɄɍ-γ8ɀɇ 
(ɩɚɫɩɨɪɬ №1887, 
ɞɨɩɨɥɧɟɧɢɟ 1) 

ȼɵɫɨɤɨɦɨɞɭɥɶɧɵɣ ɠɝɭɬ 
ɀȽȼ-430-1βɤ ɫ ɥɢɧɟɣɧɨɣ 
ɩɥɨɬɧɨɫɬɶɸ 44η ɬɟɤɫ 

[0]n ɝ. Ɇɨɫɤɜɚ, 
ɝ. Ƚɟɥɟɧɞɠɢɤ  
ɢ ɝ. ɋɨɱɢ –  
1 ɢ η ɥɟɬ 
  

ȼɄɍ-γ8ɌɊ 
(ɩɚɫɩɨɪɬ №1887, 
ɞɨɩɨɥɧɟɧɢɟ 2) 

Ɋɚɜɧɨɩɪɨɱɧɚɹ ɬɤɚɧɶ ɍɌ-900ɂ 
ɢɡ ɫɪɟɞɧɟɦɨɞɭɥɶɧɨɝɨ ɭɝɥɟ-
ɪɨɞɧɨɝɨ ɜɨɥɨɤɧɚ Ɍ-800ɇȼ ɫ 
ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ  
β40 ɬɟɤɫ  

[0]n ɝ. Ɇɨɫɤɜɚ, 
ɝ. Ƚɟɥɟɧɞɠɢɤ 
ɢ ɝ. ɋɨɱɢ –  
1, γ ɢ η ɥɟɬ 

 

 
ɍɝɥɟɩɥɚɫɬɢɤɢ ɜɵɫɬɚɜɥɟɧɵ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɷɤɫɩɨɡɢɰɢɸ ɜ ɜɢɞɟ ɩɥɢɬ ɪɚɡɦɟɪɨɦ 

γ00×γ00 ɦɦ ɢ ɬɨɥɳɢɧɨɣ 1,8; β,β ɢ β,η ɦɦ ɛɟɡ ɥɚɤɨɤɪɚɫɨɱɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɫ ɡɚɳɢɳɟɧɧɵ-
ɦɢ ɬɨɪɰɚɦɢ. Ⱦɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɧɚ ɦɚɬɟɪɢɚɥɵ ɢɫɫɥɟɞɨɜɚɧɵ 
ɢɯ ɮɢɡɢɱɟɫɤɢɟ (ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɞɟɫɬɪɭɤɰɢɢ), ɚ ɬɚɤɠɟ ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ (ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, ɢɡɝɢɛɟ ɢ ɫɠɚɬɢɢ). 

ɉɨɫɥɟ ɫɴɟɦɚ ɢ ɧɚɪɭɠɧɨɝɨ ɨɫɦɨɬɪɚ ɩɥɢɬ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɢɡ ɧɢɯ ɜɵɪɟɡɚɧɵ ɨɛɪɚɡɰɵ 
ɢ ɩɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ. ɉɪɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɹɯ ɭɝɥɟɩɥɚɫɬɢɤɨɜ, ɨɫɭɳɟɫɬɜɥɹɟ-
ɦɵɯ ɧɚ ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɚɯ, ɨɩɪɟɞɟɥɹɥɢ ɩɪɨɱɧɨɫɬɶ: 

– ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɧɚ ɭɫɬɚɧɨɜɤɟ LFM-βη0 ɮɢɪɦɵ Walter+Bai AG (ɒɜɟɣɰɚɪɢɹ) ɩɨ 
ȽɈɋɌ 25.601–80; 

– ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɢɡɝɢɛɟ ɧɚ ɭɫɬɚɧɨɜɤɟ LFM-100 ɩɨ ȽɈɋɌ βη.θ04–83; 
– ɩɪɢ ɫɠɚɬɢɢ ɧɚ ɭɫɬɚɧɨɜɤɟ LFM-100 ɩɨ ȽɈɋɌ βη.θ0β–83. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ 
ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ (ɌȽȺ) ɩɨ ȽɈɋɌ Ɋ ηθ7β1–β01η ɧɚ ɭɫɬɚɧɨɜɤɟ ɫɢɧɯɪɨɧ-
ɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ STA 449 F3 Jupiter ɜ ɚɬɦɨɫɮɟɪɟ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɜɨɡɞɭɯɚ. 

Ɏɨɬɨɝɪɚɮɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɫɞɟɥɚɧɵ ɫ 
ɩɨɦɨɳɶɸ ɫɬɟɪɟɨɦɢɤɪɨɫɤɨɩɚ Olympus SZX16 ɫ ɭɜɟɥɢɱɟɧɢɟɦ ×1,θγ. 

ȼɨɞɨɩɨɝɥɨɳɟɧɢɟ ɨɛɪɚɡɰɨɜ ɨɩɪɟɞɟɥɹɥɢ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɧɚ ɚɧɚɥɢɬɢ-
ɱɟɫɤɢɯ ɜɟɫɚɯ ɢ ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɮɨɪɦɭɥɟ 

%,100
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ɝɞɟ ɏ – ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɜɥɚɝɢ, ɩɨɝɥɨɳɟɧɧɚɹ ɦɚɬɟɪɢɚɥɨɦ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɨɡɢɰɢɢ, %; m1 – ɢɫɯɨɞɧɚɹ 
ɦɚɫɫɚ ɨɛɪɚɡɰɚ ɞɨ ɜɵɫɬɚɜɥɟɧɢɹ ɧɚ ɷɤɫɩɨɡɢɰɢɸ, ɝ; m2 – ɦɚɫɫɚ ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɵ, ɝ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɭɝɥɟɩɥɚɫɬɢɤɨɜ 
ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɨɫɬɨɹɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɫɟɪɢɢ ȼɄɍ-γ8 ɩɨɫɥɟ 

ɩɪɨɜɟɞɟɧɢɹ ɧɚɬɭɪɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ ɪɚɡɥɢɱɧɨɟ ɫɨɫɬɨɹɧɢɟ ɥɢ-
ɰɟɜɨɣ ɢ ɨɛɨɪɨɬɧɨɣ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɛɪɚɡɰɨɜ. 

Ʌɢɰɟɜɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɨɡɢɰɢɢ ɩɨɞɜɟɪɝɚɟɬɫɹ ɜɨɡɞɟɣɫɬɜɢɸ 
ɜɫɟɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɜɨɡɞɟɣɫɬɜɢɸ ɫɨɥɧɟɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɩɵɥɢ ɢ 
ɩɟɫɤɚ, ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɦɟɟɬ ɝɨɪɚɡɞɨ ɛɨɥɶɲɟ ɩɨɜɪɟɠɞɟɧɢɣ ɜ ɨɬɥɢɱɢɟ ɨɬ 
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ɨɛɨɪɨɬɧɨɣ ɫɬɨɪɨɧɵ. ɇɚ ɥɢɰɟɜɨɣ ɫɬɨɪɨɧɟ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɧɚɛɥɸɞɚɸɬɫɹ ɤɚɤ 
ɞɟɝɪɚɞɚɰɢɹ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ, ɬɚɤ ɢ ɷɪɨɡɢɨɧɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ ɜɨɥɨɤɨɧ ɢ ɫɜɹɡɭɸɳɟɝɨ. 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɭ ɩɥɢɬ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-γ8ɀɇ ɩɪɨɢɫɯɨɞɢɬ ɤɨɪɨɛɥɟɧɢɟ 
ɦɚɬɟɪɢɚɥɚ, ɫɜɹɡɚɧɧɨɟ ɫ ɟɝɨ ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɧɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ ɩɪɨɹɜɥɹɟɦɨɟ 
ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɩɨɜɵɲɟɧɧɨɣ ɜɥɚɠɧɨɫɬɢ (ɝ. ɋɨɱɢ). 

ɇɚ ɪɢɫ. 1–γ ɩɪɢɜɟɞɟɧɵ ɮɨɬɨɝɪɚɮɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɵɯ ɭɝɥɟɩɥɚɫɬɢɤɨɜ. 
Ɏɨɬɨɝɪɚɮɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫ. 1, ɩɨɤɚɡɵɜɚɸɬ ɫɨɫɬɨɹɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɭɝ-

ɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-γ8 ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɞɨ ɜɵɫɬɚɜɥɟɧɢɹ ɧɚ ɷɤɫɩɨɡɢɰɢɸ) ɢ ɩɨ-
ɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɭɦɟɪɟɧɧɨɝɨ (ɝ. Ɇɨɫɤɜɚ), ɬɟɩɥɨɝɨ ɜɥɚɠɧɨɝɨ (ɝ. ɋɨɱɢ) ɢ ɨɱɟɧɶ 
ɯɨɥɨɞɧɨɝɨ ɤɥɢɦɚɬɚ (ɝ. əɤɭɬɫɤ).  

 
ɛ)ɚ) ɝ)ɜ)

 
 

Ɋɢɫ. 1. Ɏɨɬɨɝɪɚɮɢɢ (×1,θγ) ɥɢɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-38  
ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɚ) ɢ ɩɨɫɥɟ ɧɚɬɭɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɧɚ ɚɬɦɨɫɮɟɪɧɵɯ ɩɥɨɳɚɞɤɚɯ ɜ ɬɟɱɟɧɢɟ: 
γ ɥɟɬ – ɜ ɝ. əɤɭɬɫɤɟ (ɛ), η ɥɟɬ – ɜ ɝ. ɋɨɱɢ (ɜ) ɢ ɝ. Ɇɨɫɤɜɟ (ɝ) 

 
ȼɨɡɞɟɣɫɬɜɢɟ ɨɱɟɧɶ ɯɨɥɨɞɧɨɝɨ ɤɥɢɦɚɬɚ (ɝ. əɤɭɬɫɤ) ɜ ɬɟɱɟɧɢɟ γ ɥɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨ 

ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɞɟɝɪɚɞɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɭɝɥɟɩɥɚɫɬɢɤɚ. ɇɚɛɥɸ-
ɞɚɸɬɫɹ ɩɨɦɭɬɧɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɢ ɟɟ ɱɚɫɬɢɱɧɨɟ ɜɵɜɟɬ-
ɪɢɜɚɧɢɟ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ. ɉɪɢ ɷɬɨɦ ɨɫɧɨɜɧɨɣ ɫɥɨɣ ɫɜɹɡɭɸɳɟɝɨ ɪɚɡɪɭɲɟɧɢɸ ɧɟ 
ɩɨɞɜɟɪɝɫɹ. 

ɂɧɚɱɟ ɜɵɝɥɹɞɢɬ ɩɨɜɟɪɯɧɨɫɬɶ ɭɝɥɟɩɥɚɫɬɢɤɚ ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɭɦɟɪɟɧɧɨɝɨ 
(ɝ. Ɇɨɫɤɜɚ) ɢ ɬɟɩɥɨɝɨ ɜɥɚɠɧɨɝɨ ɤɥɢɦɚɬɚ (ɝ. ɋɨɱɢ) ɜ ɬɟɱɟɧɢɟ η ɥɟɬ. ɇɚɛɥɸɞɚɸɬɫɹ ɩɨɥɧɨɟ 
ɜɵɜɟɬɪɢɜɚɧɢɟ ɫɥɨɹ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɭɝɥɟɩɥɚɫɬɢɤɚ ɢ ɨɝɨɥɟɧɢɟ ɭɝɥɟ-
ɪɨɞɧɨɝɨ ɜɨɥɨɤɧɚ, ɚ ɬɚɤɠɟ ɱɚɫɬɢɱɧɨɟ ɜɵɜɟɬɪɢɜɚɧɢɟ ɫɜɹɡɭɸɳɟɝɨ ɢɡ ɦɟɠɜɨɥɨɤɨɧɧɨɝɨ 
ɩɪɨɫɬɪɚɧɫɬɜɚ. ɉɪɢ ɷɬɨɦ ɩɨɜɟɪɯɧɨɫɬɶ ɭɝɥɟɩɥɚɫɬɢɤɚ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɝ. ɋɨɱɢ ɜɵɝɥɹ-
ɞɢɬ ɦɚɬɨɜɨɣ ɢ ɛɨɥɟɟ ɝɥɚɞɤɨɣ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɨɛɪɚɡɰɚ, ɜɵɫɬɚɜɥɟɧɧɨɝɨ ɧɚ 
ɩɥɨɳɚɞɤɟ ɜ ɝ. Ɇɨɫɤɜɟ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɦ ɷɪɨɡɢɨɧɧɨɦ ɜɨɡɞɟɣ-
ɫɬɜɢɢ. Ɉɞɧɚɤɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɟɝɪɚɞɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɧɟ ɩɪɟ-
ɜɵɲɚɟɬ ɩɨɥɨɜɢɧɵ ɨɞɧɨɝɨ ɦɨɧɨɫɥɨɹ ɭɝɥɟɩɥɚɫɬɢɤɚ ɢ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 0,1 ɦɦ. 

Ⱥɧɚɥɨɝɢɱɧɭɸ ɤɚɪɬɢɧɭ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɢ ɞɥɹ ɪɚɜɧɨɩɪɨɱɧɨɝɨ ɭɝɥɟɩɥɚɫɬɢɤɚ 
ɦɚɪɤɢ ȼɄɍ-γ8ɌɊ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɬɟɱɟɧɢɟ η ɥɟɬ ɜ ɭɫɥɨɜɢɹɯ ɭɦɟɪɟɧɧɨ ɬɟɩɥɨɝɨ 
(ɝ. Ƚɟɥɟɧɞɠɢɤ), ɭɦɟɪɟɧɧɨɝɨ (ɝ. Ɇɨɫɤɜɚ) ɢ ɬɟɩɥɨɝɨ ɜɥɚɠɧɨɝɨ ɤɥɢɦɚɬɚ (ɝ. ɋɨɱɢ) (ɪɢɫ. β). 
ȼɢɞɧɨ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɨɬɫɭɬɫɬɜɭɟɬ 
ɩɨɥɧɨɫɬɶɸ ɧɚ ɜɫɟɣ ɩɥɨɳɚɞɢ ɨɛɪɚɡɰɨɜ. ɉɪɢ ɷɬɨɦ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɨɡɢɰɢɢ ɜ ɝ. Ɇɨɫɤɜɟ ɢ 
ɝ. ɋɨɱɢ ɫɜɹɡɭɸɳɟɟ ɨɫɬɚɟɬɫɹ ɜ ɦɟɠɜɨɥɨɤɨɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ ɩɨɜɪɟɠɞɟɧɢɣ ɭɝɥɟɪɨɞɧɨ-
ɝɨ ɧɚɩɨɥɧɢɬɟɥɹ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ, ɱɟɦ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɝ. Ƚɟɥɟɧɞɠɢɤɚ, 
ɝɞɟ ɩɨɥɢɦɟɪɧɨɟ ɫɜɹɡɭɸɳɟɟ ɱɚɫɬɢɱɧɨ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɭɟɬ ɢ ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ. Ɉɞɧɚɤɨ 
ɩɨɜɟɪɯɧɨɫɬɶ ɭɝɥɟɩɥɚɫɬɢɤɚ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɝ. Ɇɨɫɤɜɟ ɡɚɝɪɹɡɧɟɧɚ ɢ ɩɨɜɪɟɠɞɟɧɚ  
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ɝɨɪɚɡɞɨ ɫɢɥɶɧɟɟ, ɱɟɦ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɝ. ɋɨɱɢ. ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɭɝ-
ɥɟɩɥɚɫɬɢɤɨɜ ɧɚ ɨɫɧɨɜɟ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɣ ɢ ɪɚɜɧɨɩɪɨɱɧɨɣ ɬɤɚɧɢ ɜɢɞɧɨ, ɱɬɨ ɩɨɜɟɪɯ-
ɧɨɫɬɶ ɭɝɥɟɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ ɪɚɜɧɨɩɪɨɱɧɨɣ ɬɤɚɧɢ ɩɨɜɪɟɠɞɚɟɬɫɹ ɦɟɧɶɲɟ. 

 
ɛ)ɚ) ɝ)ɜ)

 
Ɋɢɫ. β. Ɏɨɬɨɝɪɚɮɢɢ (×1,θγ) ɥɢɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-γ8ɌɊ 

ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɚ) ɢ ɩɨɫɥɟ ɧɚɬɭɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɧɚ ɚɬɦɨɫɮɟɪɧɵɯ ɩɥɨɳɚɞɤɚɯ ɜ ɬɟɱɟɧɢɟ 
5 ɥɟɬ ɜ ɝɨɪɨɞɚɯ ɋɨɱɢ (ɛ), Ƚɟɥɟɧɞɠɢɤɟ (ɜ) ɢ Ɇɨɫɤɜɟ (ɝ) 

 
ɇɚ ɪɢɫ. γ ɩɪɟɞɫɬɚɜɥɟɧɵ ɮɨɬɨɝɪɚɮɢɢ ɥɢɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ 

ȼɄɍ-γ8ɌɊ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɞɨ ɜɵɫɬɚɜɥɟɧɢɹ ɧɚ ɷɤɫɩɨɡɢɰɢɸ) ɢ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ 
ɜ ɭɫɥɨɜɢɹɯ ɭɦɟɪɟɧɧɨɝɨ ɤɥɢɦɚɬɚ (ɝ. Ɇɨɫɤɜɚ) ɜ ɬɟɱɟɧɢɟ 1, γ ɢ η ɥɟɬ. ȼɢɞɧɨ, ɱɬɨ ɞɟɝɪɚɞɚ-
ɰɢɹ ɩɥɟɧɤɢ ɫɜɹɡɭɸɳɟɝɨ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɭɝɥɟɩɥɚɫɬɢɤɚ ɧɚɛɥɸɞɚɟɬɫɹ ɭɠɟ ɜ ɬɟɱɟɧɢɟ 1 ɝɨɞɚ 
ɷɤɫɩɨɡɢɰɢɢ, ɩɪɢ ɷɬɨɦ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɨɢɫɯɨɞɢɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɱɚɫɬɢɱɧɨɟ ɜɵɜɟɬɪɢɜɚ-
ɧɢɟ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɭɝɥɟɪɨɞɧɨɝɨ ɜɨɥɨɤɧɚ. 

 
ɛ)ɚ) ɝ)ɜ)

 
Ɋɢɫ. γ. Ɏɨɬɨɝɪɚɮɢɢ (×1,θγ) ɥɢɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-γ8ɌɊ 

ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɚ) ɢ ɩɨɫɥɟ ɧɚɬɭɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɧɚ ɚɬɦɨɫɮɟɪɧɨɣ ɩɥɨɳɚɞɤɟ ɜ ɝ. Ɇɨɫɤɜɟ 
ɜ ɬɟɱɟɧɢɟ 1 (ɛ), 3 (ɜ) ɢ η ɥɟɬ (ɝ) 

 
ɂɡɦɟɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɫɟɪɢɢ ȼɄɍ-γ8, ɧɚɛɥɸɞɚɟɦɵɟ ɩɪɢ ɞɥɢ-

ɬɟɥɶɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧ, ɹɜɥɹɸɬɫɹ 
ɬɢɩɢɱɧɵɦɢ ɞɥɹ ɉɄɆ. ȼ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɚɤɢɟ ɧɚɛɥɸɞɚɟɦɵɟ ɹɜɥɟɧɢɹ, 
ɤɚɤ ɷɪɨɡɢɨɧɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɢ ɟɟ ɜɵɜɟɬɪɢɜɚɧɢɟ, ɚ ɬɚɤɠɟ ɨɝɨɥɟ-
ɧɢɟ ɢ ɪɚɡɪɭɲɟɧɢɟ ɚɪɦɢɪɭɸɳɢɯ ɜɨɥɨɤɨɧ, ɨɬɫɭɬɫɬɜɭɸɬ ɛɥɚɝɨɞɚɪɹ ɥɚɤɨɤɪɚɫɨɱɧɵɦ ɩɨ-
ɤɪɵɬɢɹɦ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɡɚɳɢɬɭ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɚɜɢɚɰɢɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ 
ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ Дβ1, ββЖ. 
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Ɍɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɭɝɥɟɩɥɚɫɬɢɤɨɜ 
ɍɝɥɟɩɥɚɫɬɢɤɢ ɫɟɪɢɢ ȼɄɍ-γ8 ɧɚ ɨɫɧɨɜɟ ɬɟɪɦɨɫɬɨɣɤɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ȼɋɇ-31  

ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɬɟɤɥɨɜɚɧɢɹ ɢ ɟɳɟ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭ-
ɪɨɣ ɞɟɫɬɪɭɤɰɢɢ (ɬɚɛɥ. β) Дβγ, β4Ж. ɇɚ ɪɢɫ. 4 ɢ η ɩɪɢɜɟɞɟɧɵ ɤɪɢɜɵɟ ɩɨɬɟɪɢ ɦɚɫɫɵ ɭɝ-
ɥɟɩɥɚɫɬɢɤɨɜ ɦɚɪɨɤ ȼɄɍ-γ8ɀɇ ɢ ȼɄɍ-γ8ɌɊ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ 
ɩɨɫɥɟ η ɥɟɬ ɷɤɫɩɨɡɢɰɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ (ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɬɟɪɦɨɝɪɚɜɢ-
ɦɟɬɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɧɚ ɪɢɫɭɧɤɚɯ ɪɚɡɧɟɫɟɧɵ ɢ ɪɚɫɩɨɥɨɠɟɧɵ ɨɞɧɚ ɩɨɞ ɞɪɭɝɨɣ).  

 
Ɍɚɛɥɢɰɚ 2  

Ɍɟɦɩɟɪɚɬɭɪɚ ɷɤɫɬɪɚɩɨɥɢɪɨɜɚɧɧɨɝɨ ɧɚɱɚɥɚ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ  
ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɦɚɪɨɤ ȼɄɍ-38ɌɊ ɢ ȼɄɍ-38ɀɇ ɩɨɫɥɟ 5 ɥɟɬ ɷɤɫɩɨɡɢɰɢɢ  

ɜ ɧɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧ 
Ɇɟɫɬɨ ɷɤɫɩɨɡɢɰɢɢ  
ɭɝɥɟɩɥɚɫɬɢɤɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɞɟɫɬɪɭɤɰɢɢ, °ɋ, ɞɥɹ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɦɚɪɨɤ 
ȼɄɍ-γ8ɌɊ ȼɄɍ-γ8ɀɇ 

ȼ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ 502 550 
ɝ. Ɇɨɫɤɜɚ 489 539 

ɝ. Ƚɟɥɟɧɞɠɢɤ 499 543 
ɝ. ɋɨɱɢ  503 547 
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Ɋɢɫ. 4. Ɍɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-γ8ɀɇ ɜ ɢɫɯɨɞɧɨɦ ɫɨ-

ɫɬɨɹɧɢɢ (4) ɢ ɩɨɫɥɟ η ɥɟɬ ɷɤɫɩɨɡɢɰɢɢ ɜ ɧɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧ: 
1 – ɜ ɝ. Ɇɨɫɤɜɟ, 2 – ɜ ɝ. Ƚɟɥɟɧɞɠɢɤɟ, 3 – ɜ ɝ. ɋɨɱɢ 
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Ɋɢɫ. η. Ɍɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-γ8ɌɊ ɜ ɢɫɯɨɞɧɨɦ ɫɨ-

ɫɬɨɹɧɢɢ (4) ɢ ɩɨɫɥɟ η ɥɟɬ ɷɤɫɩɨɡɢɰɢɢ ɜ ɧɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧ: 
1 – ɜ ɝ. Ɇɨɫɤɜɟ, 2 – ɜ ɝ. Ƚɟɥɟɧɞɠɢɤɟ, 3 – ɜ ɝ. ɋɨɱɢ 
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ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɪɚɡɥɢɱɧɨɦ ɜɥɢɹ-
ɧɢɢ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɭɝɥɟɩɥɚɫɬɢɤɨɜ. ɉɪɢ ɫɪɚɜɧɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɷɤɫɬɪɚɩɨɥɢɪɨɜɚɧɧɨɝɨ ɧɚɱɚɥɚ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ ɭɝɥɟɩɥɚɫɬɢɤɨɜ, 
ɷɤɫɩɨɧɢɪɨɜɚɧɧɵɯ ɜ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ, ɧɚɢɛɨɥɶɲɟɟ ɫɧɢɠɟɧɢɟ (11–13 °ɋ) 
ɧɚɛɥɸɞɚɟɬɫɹ ɭ ɨɛɪɚɡɰɨɜ ɨɛɨɢɯ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɩɨɫɥɟ η ɥɟɬ ɷɤɫɩɨɡɢɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɭɦɟɪɟɧ-
ɧɨɝɨ ɤɥɢɦɚɬɚ (ɝ. Ɇɨɫɤɜɚ). ɍɦɟɪɟɧɧɨ ɬɟɩɥɵɣ ɤɥɢɦɚɬ ɫ ɦɹɝɤɨɣ ɡɢɦɨɣ (ɝ. Ƚɟɥɟɧɞɠɢɤ) ɟɳɟ 
ɦɟɧɶɲɟ ɜɥɢɹɟɬ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɭɝɥɟɩɥɚɫɬɢɤɨɜ (ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɫɬɪɭɤ-
ɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 4–7%), ɚ ɩɪɢɦɨɪɫɤɚɹ ɚɬɦɨɫɮɟɪɚ ɬɟɩɥɨɝɨ ɜɥɚɠɧɨɝɨ ɤɥɢɦɚɬɚ (ɝ. ɋɨɱɢ) ɩɪɚɤ-
ɬɢɱɟɫɤɢ ɧɟ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɬɟɦɩɟɪɚɬɭɪɟ ɞɟɫɬɪɭɤɰɢɢ ɭɝɥɟɩɥɚɫɬɢɤɨɜ. 

 
ȼɨɞɨɩɨɝɥɨɳɟɧɢɟ ɭɝɥɟɩɥɚɫɬɢɤɨɜ 

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɧɚ ɨɫɧɨɜɟ ɮɬɚɥɨɧɢɬɪɢɥɶɧɨɝɨ ɫɜɹ-
ɡɭɸɳɟɝɨ ȼɋɇ-γ1 ɹɜɥɹɟɬɫɹ ɢɯ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɞɟɣɫɬɜɢɸ ɜɨɞɵ, ɜɥɚɝɢ ɢ ɬɟɩɥɨɜɥɚɠɧɨɫɬ-
ɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɧɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɜɨɞɨ- ɢ ɜɥɚɝɨɩɨɝɥɨɳɟɧɢɹ, ɚ 
ɬɚɤɠɟ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɫɨɯɪɚɧɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɫɥɟ ɞɥɢɬɟɥɶ-
ɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ 25. 

Ⱦɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɫɬɚɪɟɧɢɹ ɧɚ ɫɨɪɛɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɢɫɫɥɟɞɭ-
ɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɛɪɚɡɰɵ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɫɟɪɢɢ ȼɄɍ-γ8 ɩɨɫɥɟ η ɥɟɬ ɷɤɫɩɨɡɢɰɢɢ ɨɛɟɡ-
ɠɢɪɢɥɢ, ɜɵɫɭɲɢɥɢ ɞɨ ɩɨɫɬɨɹɧɧɨɣ ɦɚɫɫɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 70 °ɋ ɢ ɜɵɫɬɚɜɢɥɢ ɧɚ ɷɤɫɩɨ-
ɡɢɰɢɸ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɹ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ. ɗɤɫɩɨɡɢɰɢɸ ɩɪɨɜɨɞɢɥɢ ɧɚ ɨɛɪɚɡɰɚɯ 
ɫ ɧɟɡɚɳɢɳɟɧɧɵɦɢ ɬɨɪɰɚɦɢ ɢ ɩɪɢ ɢɯ ɩɨɥɧɨɦ ɩɨɝɪɭɠɟɧɢɢ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɭɸ ɜɨɞɭ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ βγ˃β °ɋ.  

ɇɚ ɪɢɫ. θ–8 ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɩɨ ɜɨɞɨɩɨɝɥɨɳɟɧɢɸ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɫɟɪɢɢ ȼɄɍ-38 
ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɞɨ ɩɪɨɜɟɞɟɧɢɹ ɧɚɬɭɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ) ɢ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ  
ɜ ɭɫɥɨɜɢɹɯ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧ. 

ɂɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫ. θ, ɜɢɞɧɨ, ɱɬɨ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ  
ɨɛɪɚɡɰɵ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-γ8ɌɊ ɞɨɫɬɢɝɚɸɬ ɪɚɜɧɨɜɟɫɧɨɝɨ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ  
ɜ ɬɟɱɟɧɢɟ 65–70 ɫɭɬ. ȼɨɞɨɩɨɝɥɨɳɟɧɢɟ ɡɚ ɩɟɪɜɵɟ ɫɭɬɤɢ ɫɨɫɬɚɜɥɹɟɬ ɞɨ 0,β%, ɱɬɨ ɫɜɹɡɚɧɨ 
ɫ ɩɪɨɧɢɤɧɨɜɟɧɢɟɦ ɜɥɚɝɢ ɱɟɪɟɡ ɞɟɮɟɤɬɵ ɜ ɫɥɨɟ ɫɜɹɡɭɸɳɟɝɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɭɝɥɟɩɥɚɫɬɢ-
ɤɚ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɢɞɟɬ ɩɨɫɬɟɩɟɧɧɨɟ ɪɚɜɧɨɦɟɪɧɨɟ ɫɨɪɛɢɪɨɜɚɧɢɟ ɜɨɞɵ ɞɨ ɪɚɜɧɨɜɟɫɧɨɝɨ 
ɡɧɚɱɟɧɢɹ 0,8β%. ɉɨɫɥɟ ɧɚɬɭɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɯɚɪɚɤɬɟɪ ɤɪɢɜɵɯ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ ɫɭɳɟ-
ɫɬɜɟɧɧɨ ɦɟɧɹɟɬɫɹ: ɨɫɧɨɜɧɨɟ ɧɚɫɵɳɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ 10 ɫɭɬ ɞɨ ɭɪɨɜɧɹ 
0,85–0,9%, ɚ ɜɵɯɨɞ ɧɚ ɫɨɫɬɨɹɧɢɟ ɫɨɪɛɰɢɨɧɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɫɨɤɪɚɳɚɟɬɫɹ ɞɨ 40 ɫɭɬ. Ɍɚ-
ɤɨɟ ɢɡɦɟɧɟɧɢɟ ɯɚɪɚɤɬɟɪɚ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɫɜɹɡɚɧɨ ɫ ɞɟɝɪɚɞɚɰɢɟɣ ɩɨɜɟɪɯ-
ɧɨɫɬɧɨɝɨ ɫɥɨɹ ɦɚɬɟɪɢɚɥɚ ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɞɟɮɟɤɬɨɜ ɧɚ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ.  
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ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɷɤɫɩɨɡɢɰɢɢ, ɫɭɬ

ɝ. Ɇɨɫɤɜɚ

ɝ. Ƚɟɥɟɧɞɠɢɤ

ɝ. ɋɨɱɢ

ɂɫɯɨɞɧɨɟ ɡɧɚɱɟɧɢɟɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ

 
Ɋɢɫ. θ. ȼɨɞɨɩɨɝɥɨɳɟɧɢɟ ɨɛɪɚɡɰɨɜ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-γ8ɌɊ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ 

ɩɨɫɥɟ η ɥɟɬ ɷɤɫɩɨɡɢɰɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ: ɭɦɟɪɟɧɧɨ ɬɟɩɥɨɦ (ɝ. Ƚɟɥɟɧɞɠɢɤ), 
ɭɦɟɪɟɧɧɨɦ (ɝ. Ɇɨɫɤɜɚ) ɢ ɬɟɩɥɨɦ ɜɥɚɠɧɨɦ ɤɥɢɦɚɬɟ (ɝ. ɋɨɱɢ) 
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Ɏɨɬɨɝɪɚɮɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɧɚɬɭɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1–γ, ɝɞɟ ɨɬɱɟɬɥɢɜɨ ɜɢɞɧɵ ɨɝɨɥɟɧɢɟ ɚɪɦɢɪɭɸɳɢɯ ɜɨɥɨɤɨɧ ɢ ɜɵ-
ɜɟɬɪɢɜɚɧɢɟ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɭɜɟɥɢɱɟɧɢɢ ɞɟɮɟɤɬɧɨɫɬɢ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɷɤɫɩɨɡɢɰɢɢ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ 
ɫɨɪɛɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɞɨ 0,98–1,1%, ɩɪɢɱɟɦ ɧɚɢɛɨɥɶɲɟɟ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ (1,1%) – ɭ ɭɝ-
ɥɟɩɥɚɫɬɢɤɚ, ɷɤɫɩɨɧɢɪɨɜɚɧɧɨɝɨ ɜ ɭɫɥɨɜɢɹɯ ɭɦɟɪɟɧɧɨɝɨ ɤɥɢɦɚɬɚ (ɝ. Ɇɨɫɤɜɚ). 

Ⱥɧɚɥɨɝɢɱɧɚɹ ɤɚɪɬɢɧɚ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚ ɪɢɫ. 7: ɯɚɪɚɤɬɟɪ ɤɪɢɜɵɯ ɜɨɞɨɩɨɝɥɨɳɟ-
ɧɢɹ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-γ8ɀɇ ɢɡɦɟɧɹɟɬɫɹ. ȼ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɨɛɪɚɡɰɵ ɭɝ-
ɥɟɩɥɚɫɬɢɤɚ ȼɄɍ-γ8ɀɇ ɞɨɫɬɢɝɚɸɬ ɪɚɜɧɨɜɟɫɧɨɝɨ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ ɜ ɬɟɱɟɧɢɟ 70 ɫɭɬ.  
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ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɷɤɫɩɨɡɢɰɢɢ, ɫɭɬ

ɝ. Ɇɨɫɤɜɚ
ɝ. Ƚɟɥɟɧɞɠɢɤ
ɝ. ɋɨɱɢ
ɂɫɯɨɞɧɨɟ ɡɧɚɱɟɧɢɟɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ

 
 

Ɋɢɫ. 7. ȼɨɞɨɩɨɝɥɨɳɟɧɢɟ ɨɛɪɚɡɰɨɜ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-γ8ɀɇ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ 
ɩɨɫɥɟ η ɥɟɬ ɷɤɫɩɨɡɢɰɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ: ɭɦɟɪɟɧɧɨ ɬɟɩɥɨɦ (ɝ. Ƚɟɥɟɧɞɠɢɤ), 
ɭɦɟɪɟɧɧɨɦ (ɝ. Ɇɨɫɤɜɚ) ɢ ɬɟɩɥɨɦ ɜɥɚɠɧɨɦ ɤɥɢɦɚɬɟ (ɝ. ɋɨɱɢ) 

 
ɉɨɫɥɟ ɧɚɬɭɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɜ ɭɝɥɟɩɥɚɫɬɢɤɟ ɦɚɪɤɢ ȼɄɍ-γ8ɀɇ ɦɚɤɫɢɦɚɥɶɧɚɹ 

ɫɤɨɪɨɫɬɶ ɫɨɪɛɰɢɢ ɜɨɞɵ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ 10 ɫɭɬ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ 
ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ ɞɨ ɫɨɫɬɨɹɧɢɹ ɫɨɪɛɰɢɨɧɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, 
ɧɚɫɬɭɩɚɸɳɟɝɨ ɱɟɪɟɡ γ0–γη ɫɭɬ. Ʉɨɥɢɱɟɫɬɜɨ ɫɨɪɛɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ 
ɬɟɱɟɧɢɟ η ɥɟɬ ɜ ɚɬɦɨɫɮɟɪɟ ɭɦɟɪɟɧɧɨɝɨ ɤɥɢɦɚɬɚ (ɝ. Ɇɨɫɤɜɚ) ɜɨɡɪɚɫɬɚɟɬ ɞɨ 0,7%, ɚ ɩɨɫɥɟ 
ɷɤɫɩɨɡɢɰɢɢ ɜ ɝ. Ƚɟɥɟɧɞɠɢɤɟ ɢ ɝ. ɋɨɱɢ ɨɫɬɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɚ ɭɪɨɜɧɟ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ (0,η7–0,61%). 

ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫ. 8 ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɨɛɪɚɡɰɵ 
ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-γ8 ɞɨɫɬɢɝɚɸɬ ɪɚɜɧɨɜɟɫɧɨɝɨ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ ɜ ɬɟɱɟɧɢɟ 
30 ɫɭɬ. Ʉɨɥɢɱɟɫɬɜɨ ɫɨɪɛɢɪɨɜɚɧɧɨɣ ɜɥɚɝɢ ɡɚ ɩɟɪɜɵɟ ɧɟɫɤɨɥɶɤɨ ɫɭɬɨɤ ɫɨɫɬɚɜɥɹɟɬ ɞɨ 
0,4%, ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɢɞɟɬ ɩɨɫɬɟɩɟɧɧɨɟ ɧɚɤɨɩɥɟɧɢɟ ɜɥɚɝɢ ɜ ɦɚɬɟɪɢɚɥɟ ɞɨ ɪɚɜɧɨɜɟɫɧɨ-
ɝɨ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ (0,70%). ɉɨɫɥɟ ɧɚɬɭɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɜ ɬɟɱɟɧɢɟ η ɥɟɬ ɜ ɭɫɥɨɜɢɹɯ 
ɬɟɩɥɨɝɨ ɜɥɚɠɧɨɝɨ (ɝ. ɋɨɱɢ) ɢ ɨɱɟɧɶ ɯɨɥɨɞɧɨɝɨ ɤɥɢɦɚɬɚ (ɝ. əɤɭɬɫɤ) ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟ-
ɥɢɱɟɧɢɟ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ ɞɨ 0,9η–1,04%. ɉɪɢ ɷɬɨɦ ɨɫɧɨɜɧɨɟ ɩɨɝɥɨɳɟɧɢɟ ɜɨɞɵ ɩɪɨɢɫ-
ɯɨɞɢɬ ɜ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ 10 ɫɭɬ ɞɨ ɭɪɨɜɧɹ 0,7η–0,9γ%, ɚ ɡɚɬɟɦ ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɡɧɚɱɢ-
ɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɫɨɪɛɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɞɨ ɫɨɫɬɨɹɧɢɹ ɫɨɪɛɰɢɨɧɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, 
ɧɚɫɬɭɩɚɸɳɟɝɨ ɱɟɪɟɡ зγ0 ɫɭɬ.  

ɍɜɟɥɢɱɟɧɢɟ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ ɢ ɢɡɦɟɧɟɧɢɟ ɯɚɪɚɤɬɟɪɚ ɤɪɢɜɵɯ ɫɨɪɛɰɢɢ ɭɝɥɟɩɥɚ-
ɫɬɢɤɨɜ ɩɨɫɥɟ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫɜɹɡɚɧɵ ɫ ɢɡɦɟɧɟɧɢɟɦ ɪɟɥɶɟɮɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɧɚɥɢɱɢɟɦ ɞɟɮɟɤɬɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɜ ɩɪɨɰɟɫ-
ɫɟ ɩɪɨɜɟɞɟɧɢɹ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ 26, 27. 
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ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɷɤɫɩɨɡɢɰɢɢ, ɫɭɬ

ɝ. əɤɭɬɫɤ

ɝ. ɋɨɱɢ

ɂɫɯɨɞɧɨɟ ɡɧɚɱɟɧɢɟɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ

 
 

Ɋɢɫ. 8. ȼɨɞɨɩɨɝɥɨɳɟɧɢɟ ɨɛɪɚɡɰɨɜ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-γ8 ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɨ-
ɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɬɟɩɥɨɝɨ ɜɥɚɠɧɨɝɨ (ɝ. ɋɨɱɢ, η ɥɟɬ) ɢ ɨɱɟɧɶ ɯɨɥɨɞɧɨɝɨ ɤɥɢɦɚɬɚ 
(ɝ. əɤɭɬɫɤ, γ ɝɨɞɚ) 

 
ɉɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɭɝɥɟɩɥɚɫɬɢɤɨɜ 

ɍɝɥɟɩɥɚɫɬɢɤɢ ɦɚɪɨɤ ȼɄɍ-γ8 ɢ ȼɄɍ-γ8ɀɇ ɪɟɤɨɦɟɧɞɨɜɚɧɵ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɬɟɪɦɨɧɚɝɪɭɠɟɧɧɵɯ ɞɟɬɚɥɟɣ ɢ ɚɝɪɟɝɚɬɨɜ ɜ ɜɵɫɨɤɨ- ɢ ɫɪɟɞɧɟɧɚɝɪɭɠɟɧɧɵɯ ɚɜɢɚɰɢɨɧɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɹɯ. 

ȼ ɬɚɛɥ. γ ɩɪɢɜɟɞɟɧɵ ɫɜɨɣɫɬɜɚ ɭɝɥɟɩɥɚɫɬɢɤɚ ȼɄɍ-γ8 ɩɨɫɥɟ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɨɡɢ-
ɰɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ. 

 
Ɍɚɛɥɢɰɚ 3  

ɍɩɪɭɝɨ-ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-38 ɜ ɪɚɡɥɢɱɧɵɯ  
ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɷɤɫɩɨɡɢɰɢɢ 

Ɇɟɫɬɨ 
ɷɤɫɩɨɡɢɰɢɢ 

ɉɪɨɞɨɥɠɢ-
ɬɟɥɶɧɨɫɬɶ 
ɷɤɫɩɨɡɢɰɢɢ, 

ɝɨɞɚ 

ɉɪɨɱɧɨɫɬɶ ɩɪɢ 
ɪɚɫɬɹɠɟɧɢɢ, Ɇɉɚ 

Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 
ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, Ƚɉɚ 

ɉɪɨɱɧɨɫɬɶ ɩɪɢ 
ɫɠɚɬɢɢ, Ɇɉɚ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, °ɋ 
20 300 

ȼ ɢɫɯɨɞɧɨɦ  
ɫɨɫɬɨɹɧɢɢ  
(ɩɚɫɩɨɪɬ №1887) 

– 350 91 234 182 

ɝ. Ɇɨɫɤɜɚ 
5 

320 82 215 155 
ɝ. ɋɨɱɢ 365 86 245 210 
ɝ. əɤɭɬɫɤ 3 350 84 265 215 

 
ɂɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥ. γ, ɜɢɞɧɨ, ɱɬɨ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɝ. ɋɨɱɢ 

(5 ɥɟɬ) ɢ ɜ ɝ. əɤɭɬɫɤɟ (γ ɝɨɞɚ) ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-γ8 ɧɟ 
ɬɨɥɶɤɨ ɧɟ ɫɧɢɠɚɸɬɫɹ, ɧɨ ɢ ɧɟɫɤɨɥɶɤɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ. Ɍɚɤ, ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɫɠɚɬɢɢ ɩɨɫɥɟ 
ɷɤɫɩɨɡɢɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɯɨɥɨɞɧɨɝɨ ɤɥɢɦɚɬɚ (ɝ. əɤɭɬɫɤ) ɜɨɡɪɚɫɬɚɟɬ ɧɚ 1γ% ɩɪɢ ɬɟɦɩɟɪɚ-
ɬɭɪɟ β0 °ɋ ɢ ɧɚ 18% ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ɉɞɧɚɤɨ ɩɨɫɥɟ η ɥɟɬ ɷɤɫɩɨɡɢɰɢɢ ɜ 
ɭɫɥɨɜɢɹɯ ɭɦɟɪɟɧɧɨɝɨ ɤɥɢɦɚɬɚ (ɝ. Ɇɨɫɤɜɚ) ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ 
ɤɚɤ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ (ɧɚ 9%), ɬɚɤ ɢ ɩɪɢ ɫɠɚɬɢɢ (ɧɚ 8% – ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɣ 
20 °ɋ ɢ ɧɚ 1η% – ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ γ00 °ɋ). 

ȼ ɬɚɛɥ. 4 ɩɪɢɜɟɞɟɧɵ ɫɜɨɣɫɬɜɚ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-γ8ɀɇ ɩɨɫɥɟ ɞɥɢɬɟɥɶɧɨɣ 
ɷɤɫɩɨɡɢɰɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ.  

ɂɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥ. 4, ɜɢɞɧɨ, ɱɬɨ ɩɨɫɥɟ 1 ɝɨɞɚ ɷɤɫɩɨɡɢɰɢɢ ɜ 
ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɭ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-γ8ɀɇ ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ 
ɫɜɨɣɫɬɜ ɤɚɤ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɬɚɤ ɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ γ00 °ɋ. ȼ ɤɚɱɟɫɬɜɟ 
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ɢɫɯɨɞɧɵɯ ɡɧɚɱɟɧɢɣ ɩɪɨɱɧɨɫɬɟɣ ɩɪɢɧɹɬɵ ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ. ɋɨɯɪɚɧɟɧɢɟ ɫɜɨɣɫɬɜ ɨɬ 
ɭɪɨɜɧɹ ɢɫɯɨɞɧɵɯ ɡɧɚɱɟɧɢɣ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɢɫɩɵɬɚɧɢɣ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0 °ɋ 
ɫɨɫɬɚɜɥɹɟɬ: 80–91% – ɜ ɝ. Ɇɨɫɤɜɟ, 7γ–87% – ɜ ɝ. Ƚɟɥɟɧɞɠɢɤɟ ɢ 78–89% – ɜ ɝ. ɋɨɱɢ, 
ɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ γ00 °ɋ: θ7–69% – ɜ ɝ. Ɇɨɫɤɜɟ, η9–60% – ɜ ɝ. Ƚɟɥɟɧɞɠɢɤɟ ɢ θ0–62% – 
ɜ ɝ. ɋɨɱɢ. 

 
Ɍɚɛɥɢɰɚ 4  

ɉɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-38ɀɇ ɜ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ  
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɷɤɫɩɨɡɢɰɢɢ 

Ɇɟɫɬɨ 
ɷɤɫɩɨɡɢɰɢɢ 

ɉɪɨɞɨɥɠɢ-
ɬɟɥɶɧɨɫɬɶ 
ɷɤɫɩɨɡɢɰɢɢ, 

ɝɨɞɚ 

ɉɪɨɱɧɨɫɬɶ ɩɪɢ 
ɪɚɫɬɹɠɟɧɢɢ, Ɇɉɚ 

ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɫɬɚɬɢ-
ɱɟɫɤɨɦ ɢɡɝɢɛɟ, Ɇɉɚ 

ɉɪɨɱɧɨɫɬɶ ɩɪɢ 
ɫɠɚɬɢɢ, Ɇɉɚ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, °ɋ 
20 300 20 300 20 300 

ȼ ɢɫɯɨɞɧɨɦ  
ɫɨɫɬɨɹɧɢɢ  
(ɩɚɫɩɨɪɬ №1887, 
ɞɨɩɨɥɧɟɧɢɟ 1) 

– 1300 1320 1240  670 610  

ɝ. Ɇɨɫɤɜɚ 1 1050 – 1200 860 580 410 
5 1160 960 1230 830 550 400 

ɝ. Ƚɟɥɟɧɞɠɢɤ 1 950 – 1150 740 540 370 
5 1220 1100 1130 780 520 490 

ɝ. ɋɨɱɢ 1 1110 – 1030 750 600 380 
5 1070 1010 1120 910 530 510 

 
ɂɫɫɥɟɞɨɜɚɧɢɹ ɫɜɨɣɫɬɜ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-γ8ɀ, ɩɪɨɜɟɞɟɧɧɵɟ ɩɨɫɥɟ η ɥɟɬ 

ɷɤɫɩɨɡɢɰɢɢ, ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɩɪɨɱɧɨɫɬɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 1 ɝɨɞɨɦ 
ɷɤɫɩɨɡɢɰɢɢ. ɋɨɯɪɚɧɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɨɬ ɭɪɨɜɧɹ ɢɫɯɨɞɧɨɝɨ ɡɧɚɱɟɧɢɹ ɷɤɫ-
ɩɨɧɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-γ8ɀɇ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɣ 
20 °ɋ ɫɨɫɬɚɜɢɥɨ: 89% – ɜ ɝ. Ɇɨɫɤɜɟ, 8β% – ɜ ɝ. ɋɨɱɢ ɢ 94% – ɜ ɝ. Ƚɟɥɟɧɞɠɢɤɟ, ɚ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ γ00 °ɋ ɫɨɯɪɚɧɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ: 74% – 
ɜ ɝ. Ɇɨɫɤɜɟ, 84% – ɜ ɝ. Ƚɟɥɟɧɞɠɢɤɟ ɢ 77% – ɜ ɝ. ɋɨɱɢ.  

ɂɫɩɵɬɚɧɢɹ ɨɛɪɚɡɰɨɜ ɭɝɥɟɩɥɚɫɬɢɤɚ ɧɚ ɫɬɚɬɢɱɟɫɤɢɣ ɢɡɝɢɛ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0 °ɋ 
ɩɨɤɚɡɚɥɢ ɫɨɯɪɚɧɟɧɢɟ ɩɪɨɱɧɨɫɬɢ 8η% ɨɬ ɭɪɨɜɧɹ ɢɫɯɨɞɧɵɯ ɡɧɚɱɟɧɢɣ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ 
ɝ. ɋɨɱɢ ɢ ɝ. Ƚɟɥɟɧɞɠɢɤɟ, ɚ ɬɚɤɠɟ 9γ% − ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɝ. Ɇɨɫɤɜɟ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
ɢɫɩɵɬɚɧɢɣ γ00 °ɋ ɫɨɯɪɚɧɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɷɤɫɩɨɧɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɢɥɨ: θ7% – 
ɜ ɝ. Ɇɨɫɤɜɟ, θγ% – ɜ ɝ. Ƚɟɥɟɧɞɠɢɤɟ ɢ 7γ% – ɜ ɝ. ɋɨɱɢ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɫɠɚɬɢɢ ɩɪɢ ɬɟɦɩɟ-
ɪɚɬɭɪɟ β0 °ɋ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɨɯɪɚɧɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɨɬ ɭɪɨɜɧɹ ɢɫɯɨɞɧɨɝɨ ɡɧɚɱɟɧɢɹ 
ɷɤɫɩɨɧɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɢɥɨ: 8β% – ɜ ɝ. Ɇɨɫɤɜɟ, 77% – ɜ ɝ. Ƚɟɥɟɧɞɠɢɤɟ ɢ 
79% – ɜ ɝ. ɋɨɱɢ, ɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ γ00 °ɋ: θη% – ɜ ɝ. Ɇɨɫɤɜɟ, 80% – ɜ ɝ. Ƚɟɥɟɧɞɠɢɤɟ ɢ 
83% – ɜ ɝ. ɋɨɱɢ.  

ɋɧɢɠɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɩɨɫɥɟ 1 ɝɨɞɚ ɷɤɫɩɨɡɢɰɢɢ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ 
ɭɜɟɥɢɱɟɧɢɟ ɩɨɫɥɟ η ɥɟɬ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɩɪɨɬɟɤɚɧɢɟɦ ɩɪɨɰɟɫɫɨɜ ɪɟɥɚɤɫɚɰɢɢ ɜɧɭɬɪɟɧ-
ɧɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɦɚɬɟɪɢɚɥɟ, ɫɬɪɭɤɬɭɪɧɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɜ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɟ ɢ 
ɩɥɚɫɬɢɮɢɰɢɪɭɸɳɢɦ ɞɟɣɫɬɜɢɟɦ ɜɥɚɝɢ 28, 29. 

ɍɝɥɟɩɥɚɫɬɢɤ ɦɚɪɤɢ ȼɄɍ-γ8ɌɊ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɟɩɥɨɧɚɝɪɭɠɟɧ-
ɧɵɯ ɞɟɬɚɥɟɣ ɢ ɚɝɪɟɝɚɬɨɜ ɜ ɫɪɟɞɧɟɧɚɝɪɭɠɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɩɥɚɧɟɪɚ ɜ ɡɨɧɟ ɞɜɢɝɚɬɟɥɹ, 
ɜ ɱɚɫɬɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɥɨɩɚɬɨɤ ɊɄɐɄ. ȼ ɬɚɛɥ. η ɩɪɢɜɟɞɟɧɵ ɫɜɨɣɫɬɜɚ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪ-
ɤɢ ȼɄɍ-γ8ɌɊ ɩɨɫɥɟ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ. 
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Ɍɚɛɥɢɰɚ 5  
ɉɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ ȼɄɍ-38ɌɊ ɜ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ  

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɷɤɫɩɨɡɢɰɢɢ 

Ɇɟɫɬɨ 
ɷɤɫɩɨɡɢɰɢɢ 

ɉɪɨɞɨɥɠɢ-
ɬɟɥɶɧɨɫɬɶ 
ɷɤɫɩɨɡɢ-
ɰɢɢ, ɝɨɞɚ 

ɉɪɨɱɧɨɫɬɶ  
ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, Ɇɉɚ 

ɉɪɨɱɧɨɫɬɶ  
ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɢɡɝɢɛɟ, Ɇɉɚ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, °ɋ 
20 300 20 300 

ȼ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹ-
ɧɢɢ (ɩɚɫɩɨɪɬ №1887, 
ɞɨɩɨɥɧɟɧɢɟ β) 

– 740 700 670 580 

ɝ. Ɇɨɫɤɜɚ 3 740 660* – – 
5 740 680 740 480 

ɝ. Ƚɟɥɟɧɞɠɢɤ 1 710 – 640 500 
3 695 650* – – 
5 750 660 740 510 

ɝ. ɋɨɱɢ 1 770 – 680 475 
3 665 670* – – 
5 730 720 740 620 

* Ɉɛɪɚɡɰɵ ɢɫɩɵɬɚɧɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β00 °ɋ. 
 
ɂɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥ. η, ɜɢɞɧɨ, ɱɬɨ ɩɪɨɱɧɨɫɬɶ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɚɪɤɢ 

ȼɄɍ-γ8ɌɊ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, ɤɚɤ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɣ β0 °ɋ, ɬɚɤ ɢ ɩɪɢ ɩɨɜɵɲɟɧ-
ɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬɫɹ (ɫɨɯɪɚɧɟɧɢɟ ɨɬ ɭɪɨɜɧɹ ɢɫɯɨɞɧɵɯ ɡɧɚɱɟɧɢɣ 
94–100%) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɟɫɬɚ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɷɤɫɩɨɡɢɰɢɢ. ɉɪɨɱɧɨɫɬɶ ɩɪɢ 
ɫɬɚɬɢɱɟɫɤɨɦ ɢɡɝɢɛɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɫɥɟ 1 ɝɨɞɚ ɷɤɫɩɨɡɢɰɢɢ ɨɫɬɚɟɬɫɹ ɧɚ 
ɭɪɨɜɧɟ ɢɫɯɨɞɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɚ ɩɨɫɥɟ η ɥɟɬ ɞɚɠɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ (ɧɚ 9,η%). 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɣ γ00 °ɋ ɭɪɨɜɟɧɶ ɫɨɯɪɚɧɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɫɧɢɠɚɟɬɫɹ 
ɢ ɩɨɫɥɟ η ɥɟɬ ɷɤɫɩɨɡɢɰɢɢ ɫɨɫɬɚɜɥɹɟɬ: θ4% – ɜ ɝ. Ɇɨɫɤɜɟ, θ9% – ɜ ɝ. Ƚɟɥɟɧɞɠɢɤɟ ɢ 
84% − ɜ ɝ. ɋɨɱɢ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɨɯɪɚɧɟɧɢɸ ɭɪɨɜɧɹ ɫɜɨɣɫɬɜ ɢɫɯɨɞɧɨɝɨ ɭɝɥɟɩɥɚ-
ɫɬɢɤɚ (8θ%). 

 
Ɂɚɤɥɸɱɟɧɢɹ 

Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɜɨ ɎȽɍɉ «ȼɂȺɆ» ɭɝɥɟɩɥɚɫɬɢɤɢ ɫɟɪɢɢ ȼɄɍ-γ8 (ɩɚɫɩɨɪɬ №1887, 
ɞɨɩɨɥɧɟɧɢɹ 1 ɢ β) ɩɨɤɚɡɚɥɢ ɫɨɯɪɚɧɟɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɩɨɫɥɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɨɡ-
ɞɟɣɫɬɜɢɹ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɚɫɩɨɪɬɧɵɦɢ ɞɚɧɧɵɦɢ, ɧɚ ɭɪɨɜɧɟ 
80–90% ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɣ ɢ θ0–7η% ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɣ 
300 °ɋ. Ɍɚɤɨɣ ɭɪɨɜɟɧɶ ɫɨɯɪɚɧɟɧɢɹ ɫɜɨɣɫɬɜ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɢɯ ɫɬɨɣɤɨɫɬɢ ɤ ɜɨɡɞɟɣ-
ɫɬɜɢɸ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧ. 

ɍ ɭɝɥɟɩɥɚɫɬɢɤɨɜ, ɷɤɫɩɨɧɢɪɨɜɚɜɲɢɯɫɹ ɜ ɭɫɥɨɜɢɹɯ ɭɦɟɪɟɧɧɨɝɨ ɤɥɢɦɚɬɚ 
(ɝ. Ɇɨɫɤɜɚ), ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ ɭɝɥɟɩɥɚɫɬɢɤɚɦɢ, ɜɵɫɬɚɜɥɟɧɧɵɦɢ ɜ ɞɪɭɝɢɯ 
ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ, ɧɚɛɥɸɞɚɸɬɫɹ ɧɚɢɛɨɥɶɲɢɟ ɩɨɜɪɟɠɞɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ, 
ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɚɤɬɢɜɧɨɣ ɞɟɫɬɪɭɤɰɢɢ ɭɝɥɟɩɥɚɫɬɢɤɨɜ (ɧɚ 11–13 °ɋ) ɢ 
ɭɜɟɥɢɱɟɧɢɟ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ, ɚ ɬɚɤɠɟ ɧɚɢɦɟɧɶɲɟɟ ɫɨɯɪɚɧɟɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɣ γ00 °ɋ. 

Ⱦɟɝɪɚɞɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɭɝɥɟɩɥɚɫɬɢɤɚ ɧɚɛɥɸɞɚɟɬɫɹ ɭɠɟ ɩɨɫɥɟ 1 ɝɨɞɚ ɷɤɫɩɨɡɢ-
ɰɢɢ, ɱɬɨ ɧɟ ɹɜɥɹɟɬɫɹ ɤɪɢɬɢɱɧɵɦ, ɬɚɤ ɤɚɤ ɞɚɠɟ ɩɨɫɥɟ η ɥɟɬ ɷɤɫɩɨɡɢɰɢɢ ɫɨɯɪɚɧɟɧɢɟ 
ɫɜɨɣɫɬɜ ɨɬ ɭɪɨɜɧɹ ɢɫɯɨɞɧɵɯ ɡɧɚɱɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ ɨɬ θ0 ɞɨ 90%. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɪɟɚɥɶɧɵɯ 
ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡɞɟɥɢɹ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɪɚɛɨɬɚɸɬ ɫ ɧɚɧɟɫɟɧɧɵɦ ɥɚɤɨɤɪɚɫɨɱ-
ɧɵɦ ɩɨɤɪɵɬɢɟɦ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɡɚɳɢɬɭ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɚɜɢɚɰɢɨɧɧɵɯ ɤɨɧ-
ɫɬɪɭɤɰɢɣ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ.  
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Ȼɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɣ ɫɩɢɫɨɤ 
1. Ʉɚɛɥɨɜ ȿ.ɇ. Ɇɚɬɟɪɢɚɥɵ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ – ɨɫɧɨɜɚ ɢɧɧɨɜɚɰɢɣ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɥɢɞɟɪɫɬɜɚ 

ɢ ɧɚɰɢɨɧɚɥɶɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ Ɋɨɫɫɢɢ // ɂɧɬɟɥɥɟɤɬ ɢ ɬɟɯɧɨɥɨɝɢɢ. β01θ. №β (14). ɋ. 1θ–21. 
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ɆɂɒȿɇȿɃ  ɋɂɋɌȿɆɕ  Zr–Y  ɇȺ  ɄȺɑȿɋɌȼɈ 
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ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɩɪɢɦɟɫɟɣ ɜɧɟɞɪɟɧɢɹ ɜ ɫɩɥɚɜɚɯ ɦɢɲɟɧɟɣ ɫɢɫɬɟɦɵ Zr–Y (ɢɡɝɨɬɨɜ-

ɥɟɧɧɵɯ ɩɨ ɞɜɭɦ ɬɟɯɧɨɥɨɝɢɹɦ) ɧɚ ɤɚɱɟɫɬɜɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɬɟɪɦɨɛɚɪɶɟɪɧɨɝɨ ɫɥɨɹ ɬɟɩɥɨ-
ɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɭɫɬɚɧɨɜɤɟ ɍɈɄɋ-2 ɦɟɬɨɞɨɦ ɦɚɝɧɟɬɪɨɧɧɨɝɨ 
ɫɪɟɞɧɟɱɚɫɬɨɬɧɨɝɨ ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɝɨ ɨɫɚɠɞɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɞɟɬɚɥɟɣ, ɪɚɛɨɬɨɫɩɨ-
ɫɨɛɧɵɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ >1150 °ɋ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɩɪɢɦɟɫɟɣ ɜɧɟɞ-
ɪɟɧɢɹ ɜ ɫɩɥɚɜɚɯ ɦɢɲɟɧɟɣ >0,1% (ɩɨ ɦɚɫɫɟ), ɢɥɢ 1000 ɪɪЦ, ɫɧɢɠɚɟɬɫɹ ɫɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɚ 
ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɹ, ɤɨɬɨɪɭɸ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɡɚ ɫɱɟɬ ɩɨɜɵɲɟɧɢɹ ɷɧɟɪɝɢɢ 
ɢɨɧɨɜ ɚɪɝɨɧɚ, ɱɬɨ ɜɟɞɟɬ ɤ ɩɟɪɟɝɪɟɜɭ ɫɩɥɚɜɚ ɦɢɲɟɧɢ ɢ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɟɣ (ɩɨɞɥɨɠɤɢ), 
ɭɯɭɞɲɚɹ ɚɞɝɟɡɢɸ ɨɫɚɠɞɚɟɦɵɯ ɚɬɨɦɨɜ. 

Ключевые слова: ɫɩɥɚɜ ɫɢɫɬɟɦɵ Zr–Y, ɬɟɩɥɨɡɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ, ɩɪɢɦɟɫɢ ɜɧɟɞɪɟ-
ɧɢɹ, ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɮɚɡɨɜɵɣ ɚɧɚɥɢɡ, ɦɟɬɚɥɥɨɝɪɚɮɢɹ, ɩɟɪɢɨɞɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ 
ɪɟɲɟɬɨɤ. 

 
S.P. Konokotin1, R.M. Nazarkin1 
 
THE  INFLUENCE  OF  INTERSTITIAL  IMPURITIES  
IN  THE  Zr–Y  TARGET  ALLOYS  ON  THE  HEAT  
RESISTING  CERAMIC  COATING  QUALITY 
 

The influence of interstitial impurities in the Zr–Y target alloys (manufactured by two differ-
ent techniques) on the quality of thermal barrier ceramic layers of heat resisting coating are 
studied in this work. The heat resisting ceramic coating manufactured in the UOKS-2 devices by 
magnetron medium-feculence plasma–chemical deposition on the surface of components that 
are used at the high temperatures (above 1150 °C). It аКs found that when the content of inter-
stitial impurities in the target alloy is more than 0,1% (1000 ppm), the rate of the coating pro-
cess decreases and has to be maintained by increasing the energy of argon ions. This leads to 
overheating of the target alloy and the surface of the parts (substrate) which impairs the adhe-
sion of the deposited atoms. 

Keywords: Zr–Y alloy, heat resisting ceramic coatings, interstitial impurities, x-ray diffrac-
tion analysis, phase analysis, metallography, crystal lattice periods. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
State Unitary Enterprise «AХХ-Russian Scientific Research Institute ШП AЯТКЭТШЧ εКЭОrТКХs» State Research 
Center of the Russian Federation]; e-mail: admin@viam.ru 

 
ȼɜɟɞɟɧɢɟ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɩɪɨɛɥɟɦɚ ɩɨɜɵɲɟɧɢɹ ɪɟɫɭɪɫɚ ɪɚɛɨɬɵ ɨɯɥɚɠɞɚɟ-
ɦɵɯ ɥɨɩɚɬɨɤ ɬɭɪɛɢɧɵ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɡɚ ɫɱɟɬ ɨɝɪɚɧɢɱɟɧɢɹ ɪɟɫɭɪɫɚ ɪɚɛɨɬɵ ɠɚɪɨ-
ɫɬɨɣɤɨɝɨ ɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ >11η0 °ɋ. 

Ɋɚɡɪɚɛɨɬɤɚ ɢ ɜɧɟɞɪɟɧɢɟ ɧɨɜɨɝɨ ɬɢɩɚ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɠɚɪɨɫɬɨɣɤɨɝɨ ɩɨɤɪɵɬɢɹ 
ɦɨɝɭɬ ɥɢɲɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɪɟɫɭɪɫ ɪɚɛɨɬɵ ɥɨɩɚɬɨɤ ɬɭɪɛɢɧɵ ɜ ɫɜɹɡɢ ɫ ɨɝɪɚɧɢɱɟ-
ɧɢɹɦɢ ɩɨ ɜɵɛɨɪɭ ɦɨɞɢɮɢɰɢɪɭɸɳɢɯ ɥɟɝɢɪɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ 
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ɢ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɪɟɲɟɧɢɟɦ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɹɜɥɹɟɬɫɹ ɧɚɧɟɫɟɧɢɟ ɬɟɩɥɨɡɚɳɢɬɧɵɯ ɩɨ-
ɤɪɵɬɢɣ (ɌɁɉ) Д1, βЖ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɠɚɪɨɫɬɨɣɤɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɫɥɨɹ ɢ 
ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨɹ (Ʉɋ) ɌɁɉ. Ɍɟɩɥɨɡɚɳɢɬɧɨɟ ɩɨɤɪɵɬɢɟ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɬɟɦɩɟɪɚɬɭ-
ɪɭ ɨɯɥɚɠɞɚɟɦɵɯ ɥɨɩɚɬɨɤ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɜ 
ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ 100–150 °ɋ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɢɯ ɪɚɛɨɱɟɝɨ ɪɟɫɭɪ-
ɫɚ Дγ, 4Ж. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɫɧɨɜɧɵɟ ɪɚɛɨɬɵ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɫɜɹɡɚɧɵ ɫ ɪɚɡɪɚɛɨɬɤɨɣ 
Ʉɋ ɌɁɉ ɧɚ ɨɫɧɨɜɟ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɫ ɞɨɛɚɜɤɚɦɢ ɪɟɞɤɨɡɟɦɟɥɶ-
ɧɵɯ ɦɟɬɚɥɥɨɜ (ɊɁɆ) В, GН, σН ɢ ɬ. ɞ. – Zr–O–ɊɁɆ.  

ȼɨ ɎȽɍɉ «ȼɂȺɆ» ɞɥɹ ɧɚɧɟɫɟɧɢɹ Ʉɋ ɌɁɉ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɫɪɟɞɧɟɱɚɫɬɨɬɧɨɝɨ 
ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɝɨ ɨɫɚɠɞɟɧɢɹ (ɋɆɉɈ) ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɚɝɧɟɬɪɨɧɧɵɟ 
ɭɫɬɚɧɨɜɤɢ ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɢɩɚ ɍɈɄɋ (ɍɈɄɋ-β, ɍɈɄɋ-γ). Ⱦɚɧɧɚɹ ɬɟɯɧɨ-
ɥɨɝɢɹ ɧɚɧɟɫɟɧɢɹ Ʉɋ ɌɁɉ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɦɚɬɟɪɢɚɥɨɜ 
ɪɚɡɪɚɛɨɬɚɧɚ ɫ ɰɟɥɶɸ ɡɚɦɟɳɟɧɢɹ ɧɟ ɢɦɟɸɳɢɯ ɚɧɚɥɨɝɨɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɷɥɟɤɬɪɨɧɧɨ-
ɥɭɱɟɜɵɯ ɦɟɬɨɞɨɜ ɧɚɧɟɫɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ ɫɢɫɬɟɦɵ Zr–O–ɊɁɆ. Ⱦɥɹ ɧɚɧɟɫɟ-
ɧɢɹ ɩɨ ɦɚɝɧɟɬɪɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ Ʉɋ ɌɁɉ ɧɚ ɨɯɥɚɠɞɚɟɦɵɟ ɥɨɩɚɬɤɢ ɫ ɪɚɛɨɱɢɦ ɪɟɫɭɪɫɨɦ 
10–15 ɬɵɫ. ɱ ɬɪɟɛɭɸɬɫɹ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɦɢɲɟɧɢ ɢɡ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ  Zr–ɊɁɆ ɜɵɫɨɤɨ-
ɝɨ ɤɚɱɟɫɬɜɚ. Ɉɞɧɚɤɨ ɜɜɢɞɭ ɧɚɥɢɱɢɹ ɜ ɫɩɥɚɜɚɯ ɷɥɟɦɟɧɬɨɜ ɊɁɆ, ɚɤɬɢɜɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭ-
ɸɳɢɯ ɩɪɢ ɜɵɩɥɚɜɤɟ ɫ ɩɪɢɦɟɫɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ (ɋ, N, Si), ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɵɯ 
ɦɢɲɟɧɟɣ ɬɪɟɛɭɟɬɫɹ ɨɫɨɛɵɣ ɩɨɞɯɨɞ ɤ ɜɵɛɨɪɭ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚ-
ɸɳɢɯ ɜɵɫɨɤɭɸ ɩɥɨɬɧɨɫɬɶ ɫɩɥɚɜɚ ɢ ɧɢɡɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɩɪɢɦɟɫɟɣ ɜɧɟɞɪɟɧɢɹ Дη–8]. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɭɫɬɚɧɨɜɥɟɧɢɸ ɩɪɢɱɢɧ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɟɤɚɱɟɫɬɜɟɧɧɨɝɨ Ʉɋ 
ɌɁɉ, ɧɚɧɟɫɟɧɧɨɝɨ ɧɚ ɭɫɬɚɧɨɜɤɟ ɍɈɄɋ-2 ɦɟɬɨɞɨɦ ɫɪɟɞɧɟɱɚɫɬɨɬɧɨɝɨ ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɪɚɫ-
ɩɵɥɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɢɲɟɧɟɣ ɫɢɫɬɟɦɵ Zr–Y, ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɪɚɦɤɚɯ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ 
ɧɚɩɪɚɜɥɟɧɢɹ 17. «Ʉɨɦɩɥɟɤɫɧɚɹ ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɚɹ ɡɚɳɢɬɚ, ɭɩɪɨɱɧɹɸɳɢɟ, ɢɡɧɨɫɨɫɬɨɣɤɢɟ 
ɡɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ» ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 17.γ. «Ɇɧɨɝɨɫɥɨɣɧɵɟ ɠɚɪɨɫɬɨɣ-
ɤɢɟ ɢ ɬɟɩɥɨɡɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ, ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɟ ɭɩɪɨɱɧɹɸɳɢɟ ɷɪɨɡɢɨɧɧɵɟ ɢ ɤɨɪɪɨɡɢ-
ɨɧɧɨɫɬɨɣɤɢɟ, ɢɡɧɨɫɨɫɬɨɣɤɢɟ, ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɵɟ ɩɨɤɪɵɬɢɹ ɞɥɹ ɡɚɳɢɬɵ ɞɟɬɚɥɟɣ ɝɨɪɹɱɟɝɨ 
ɬɪɚɤɬɚ ɢ ɤɨɦɩɪɟɫɫɨɪɚ ȽɌȾ ɢ ȽɌɍ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ 
ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ») Д9Ж. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢɱɢɧɨɣ ɹɜɥɹɟɬɫɹ ɜɵɩɥɚɜɤɚ ɧɟɤɚɱɟɫɬɜɟɧɧɵɯ ɦɢɲɟɧɟɣ ɢɡ 
ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Zr–Y ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɧɟɞɨɩɭɫɬɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɪɢɦɟɫɟɣ ɜɧɟɞɪɟɧɢɹ 
(ɋ, N, Si), ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɧɚɪɭɲɟɧɢɸ ɩɪɨɰɟɫɫɚ ɨɫɚɠɞɟɧɢɹ. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɢɲɟɧɟɣ ɢɡ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Zr–Y, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɦɟ-
ɬɨɞɚɦɢ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɨɝɨ ɩɟɪɟɩɥɚɜɚ (ȼȾɉ) ɢ ɜɚɤɭɭɦɧɨ-ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɥɚɜɤɢ (ȼɂɉ). 
Ɇɢɲɟɧɶ ɢɡ ɫɩɥɚɜɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ Zr–1β,1% (ɩɨ ɦɚɫɫɟ) Y ɜɵɩɥɚɜɥɹɥɢ ɦɟɬɨɞɨɦ 
ȼȾɉ ɫ ɝɪɚɮɢɬɨɜɵɦ ɤɚɬɨɞɨɦ ɜ ɩɪɨɬɨɱɧɨɣ ɫɪɟɞɟ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ. ɉɨɪɰɢɸ ɲɢɯɬɵ ɡɚɝɪɭ-
ɠɚɥɢ ɜ ɤɚɦɟɪɭ ɩɥɚɜɢɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɧɚ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ ɞɢɚɦɟɬɪɨɦ 1η0 ɦɦ ɢ ɪɚɫɩɥɚɜ-
ɥɹɥɢ. ɉɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɪɚɫɩɥɚɜɚ ɜ ɤɚɦɟɪɭ ɛɟɡ ɢɡɜɥɟɱɟɧɢɹ ɦɟɬɚɥɥɚ ɫɜɟɪɯɭ ɡɚɝɪɭɠɚɥɢ 
ɧɨɜɭɸ ɩɨɪɰɢɸ ɤɭɫɤɨɜɨɣ ɲɢɯɬɵ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɜɨɞɢɥɢ ɩɪɨɰɟɫɫ ɩɥɚɜɥɟɧɢɹ. ɐɢɤɥ ɪɚɫ-
ɩɥɚɜɥɟɧɢɹ ɲɢɯɬɵ ɩɨɜɬɨɪɹɥɢ 7–8 ɪɚɡ. ɉɨɥɭɱɟɧɧɵɣ ɫɥɢɬɨɤ ɞɢɚɦɟɬɪɨɦ 1η0 ɦɦ, ɜɵɫɨɬɨɣ 
1θ0 ɦɦ ɢ ɦɚɫɫɨɣ 1η ɤɝ ɩɨɞɜɟɪɝɚɥɢ ɬɪɨɟɤɪɚɬɧɨɦɭ ɩɟɪɟɩɥɚɜɭ ɦɟɬɨɞɨɦ ȼȾɉ ɞɥɹ ɭɫɪɟɞɧɟ-
ɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɩɥɚɜɚ, ɚ ɡɚɬɟɦ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɧɚ ɬɨɤɚɪɧɨɦ ɫɬɚɧɤɟ ɫ 
ɰɟɥɶɸ ɭɞɚɥɟɧɢɹ ɨɤɫɢɞɧɵɯ ɩɥɟɧɨɤ ɫ ɩɨɜɟɪɯɧɨɫɬɢ. ɉɨɫɥɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɪɚɡ-
ɦɟɪɵ ɫɥɢɬɤɚ ɫɨɫɬɚɜɥɹɥɢ: ɞɢɚɦɟɬɪ 140 ɦɦ, ɜɵɫɨɬɚ 1η0 ɦɦ ɢ ɦɚɫɫɚ 14 ɤɝ. Ⱦɚɥɟɟ ɫɥɢɬɨɤ 
ɨɛɪɟɡɚɥɢ ɧɚ ɦɟɯɚɧɢɱɟɫɤɨɦ ɫɬɚɧɤɟ ɫ ɥɟɧɬɨɱɧɨɣ ɩɢɥɨɣ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɩɪɹɦɨ-
ɭɝɨɥɶɧɨɣ ɮɨɪɦɵ ɪɚɡɦɟɪɨɦ 10η×10η×1η0 ɦɦ, ɢɡ ɤɨɬɨɪɨɣ ɡɚɬɟɦ ɜɵɪɟɡɚɥɢ ɩɥɚɫɬɢɧɵ ɬɨɥ-
ɳɢɧɨɣ з1γ ɦɦ. ɉɨɥɭɱɟɧɧɵɟ ɩɥɚɫɬɢɧɵ ɩɨɞɜɟɪɝɚɥɢ ɱɢɫɬɨɜɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɧɚ 
ɮɪɟɡɟɪɧɨɦ ɫɬɚɧɤɟ ɞɨ ɩɨɥɭɱɟɧɢɹ ɪɚɡɦɟɪɚ 100×100×1β ɦɦ, ɚ ɡɚɬɟɦ ɢɡ ɧɢɯ ɫɨɛɢɪɚɥɢ β ɫɨ-
ɫɬɚɜɧɵɟ ɦɢɲɟɧɢ. Ɋɚɡɦɟɪ ɤɚɠɞɨɣ ɦɢɲɟɧɢ: η00×100×1β ɦɦ (ɪɢɫ. 1, ɚ). Ɇɚɫɫɚ ɫɨɫɬɚɜɧɨɣ 
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ɦɢɲɟɧɢ ɫɨɫɬɚɜɥɹɥɚ ɨɬ 4,0 ɞɨ 4,β ɤɝ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɡ ɫɥɢɬ-
ɤɚ ɦɚɫɫɨɣ з1η ɤɝ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɞɜɟ ɫɨɫɬɚɜɧɵɟ ɦɢɲɟɧɢ. Ʉɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɦɚɬɟɪɢɚɥɚ (ɄɂɆ) ɩɨ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɫɨɫɬɚɜɥɹɥ зηγ%. 

 

ɛ)

ɚ)

 
Ɋɢɫ. 1. ɋɨɫɬɚɜɧɚɹ ɦɢɲɟɧɶ ɢɡ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Zr–Y ɯɢɦɢɱɟɫɤɢɯ ɫɨɫɬɚɜɨɜ: Zr–1β,1% (ɩɨ ɦɚɫ-

ɫɟ) Y (ɚ) ɢ Zr–8,8% (ɩɨ ɦɚɫɫɟ) Y (ɛ) 
 
Ɇɢɲɟɧɢ ɢɡ ɫɩɥɚɜɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ Zr–8,8% (ɩɨ ɦɚɫɫɟ) Y ɩɨɥɭɱɚɥɢ ɫ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ȼɂɉ ɜ ɚɬɦɨɫɮɟɪɟ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ Д10Ж ɜɨ ɜɫɬɚɜɧɨɦ ɩɥɚɜɢɥɶɧɨɦ 
ɬɢɝɥɟ ɢɡ ɨɤɫɢɞɚ ɢɬɬɪɢɹ ɟɦɤɨɫɬɶɸ зβη ɤɝ. ɉɨɫɥɟ ɪɚɫɩɥɚɜɥɟɧɢɹ ɨɫɧɨɜɧɨɣ ɦɚɫɫɵ ɲɢɯɬɵ ɜ 
ɪɚɫɩɥɚɜ ɢɡ ɞɨɡɚɬɨɪɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɩɥɚɜɢɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɨɛɚɜɥɹɥɢ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨ-
ɥɢɱɟɫɬɜɨ ɧɨɜɨɣ ɩɨɪɰɢɢ ɲɢɯɬɵ. Ⱦɚɥɟɟ ɫɩɥɚɜ ɫɥɢɜɚɥɢ ɜ ɤɟɪɚɦɢɱɟɫɤɭɸ ɩɪɹɦɨɭɝɨɥɶɧɭɸ 
ɮɨɪɦɭ ɪɚɡɦɟɪɨɦ β00×β00×η0 ɦɦ (ɛɟɡ ɭɱɟɬɚ ɩɪɢɛɵɥɶɧɨɣ ɱɚɫɬɢ ɨɬɥɢɜɤɢ). Ɇɚɫɫɚ ɩɨɥɭ-
ɱɟɧɧɨɣ ɨɬɥɢɜɤɢ ɫɨɫɬɚɜɥɹɥɚ ββ ɤɝ. ɉɨɫɥɟ ɨɛɪɟɡɤɢ ɩɪɢɛɵɥɶɧɨɣ ɱɚɫɬɢ ɦɚɫɫɚ ɥɢɬɨɣ ɡɚɝɨ-
ɬɨɜɤɢ ɫɨɫɬɚɜɥɹɥɚ ɨɬ 1γ ɞɨ 14 ɤɝ. Ⱦɚɥɟɟ ɥɢɬɭɸ ɡɚɝɨɬɨɜɤɭ ɩɨɞɜɟɪɝɚɥɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪ-
ɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɜɨɡɞɭɯɟ ɩɪɢ 9η0 °ɋ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɩɨɥɨɫɵ, ɢɡ ɤɨɬɨɪɨɣ ɦɟɬɨɞɨɦ 
ɝɢɞɪɨɷɪɨɡɢɨɧɧɨɣ ɪɟɡɤɢ ɜɵɪɟɡɚɥɢ β ɡɚɝɨɬɨɜɤɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɢɲɟɧɟɣ. ɉɨɫɥɟ ɡɚɜɟɪɲɚ-
ɸɳɟɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ ɮɪɟɡɟɪɧɨɦ ɫɬɚɧɤɟ ɪɚɡɦɟɪ ɦɢɲɟɧɟɣ ɫɨɫɬɚɜɥɹɥ 
η00×100×1β ɦɦ (ɪɢɫ. 1, ɛ). ɉɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɡ ɫɥɢɬɤɚ ɦɚɫɫɨɣ зββ ɤɝ ɢɡɝɨ-
ɬɚɜɥɢɜɚɥɢ β ɦɢɲɟɧɢ, ɦɚɫɫɚ ɤɚɠɞɨɣ ɢɡ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɥɚ ɨɬ 4,0 ɞɨ 4,β ɤɝ. ɉɨ ɞɚɧɧɨɣ 
ɬɟɯɧɨɥɨɝɢɢ ɄɂɆ ɫɨɫɬɚɜɥɹɥ 40ޒ%. 

ɇɚ ɪɢɫ. β ɩɪɟɞɫɬɚɜɥɟɧɨ ɢɡɨɛɪɚɠɟɧɢɟ ɦɢɲɟɧɢ ɢɡ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Zr–Y ɩɨɫɥɟ ɷɤɫ-
ɩɥɭɚɬɚɰɢɢ – ɧɚɧɟɫɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨɹ ɌɁɉ ɧɚ ɭɫɬɚɧɨɜɤɟ ɍɈɄɋ-β. əɪɤɨ ɜɵɪɚɠɟɧɚ 
ɡɨɧɚ ɷɪɨɡɢɨɧɧɨɝɨ ɢɡɧɨɫɚ ɷɥɥɢɩɫɨɢɞɧɨɣ ɮɨɪɦɵ. 

 

 
Ɋɢɫ. β. ɋɨɫɬɚɜɧɚɹ ɦɢɲɟɧɶ ɢɡ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Zr–Y ɩɨɫɥɟ ɷɤɫɩɥɭɚɬɚɰɢɢ 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɷɥɟɦɟɧɬɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɦɢɲɟɧɟɣ ɢɡ 
ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Zr–Y ɩɪɨɜɨɞɢɥɢ ɧɚ ɫɥɟɞɭɸɳɢɯ ɭɫɬɚɧɨɜɤɚɯ:  

– ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɢɬɬɪɢɹ – ɧɚ ɭɫɬɚɧɨɜɤɟ 7γ0ES ɮɢɪɦɵ 
Varion;  

– ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ ɢ ɚɡɨɬɚ – ɧɚ ɭɫɬɚɧɨɜɤɟ Ɍɋθ00 
ɮɢɪɦɵ Leco; 
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– ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɝɚɡɨɨɛɪɚɡɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ – ɧɚ ɭɫɬɚɧɨɜɤɟ CSθ00 ɮɢɪɦɵ 
Leco. 

Ɇɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ 
ɦɢɤɪɨɫɤɨɩɢɢ (ɊȿɆ) ɧɚ ɦɢɤɪɨɫɤɨɩɟ Inspect Fη0 ɮɢɪɦɵ FEI, ɚ ɦɢɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶ-
ɧɵɣ ɚɧɚɥɢɡ (ɆɊɋȺ) – ɫ ɩɨɦɨɳɶɸ ɩɪɢɫɬɚɜɤɢ EDAX. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɟɪɢɨɞɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɨɤ ɮɚɡ, ɚ ɬɚɤɠɟ ɪɟɧɬɝɟɧɨ-
ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɢ ɩɨɥɭɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ ɩɪɢɦɟɧɹɥɢ ɪɟɧɬ-
ɝɟɧɨɜɫɤɢɣ ɞɢɮɪɚɤɬɨɦɟɬɪ Empyrean Panalytical. ɋɴɟɦɤɭ ɪɟɧɬɝɟɧɨɝɪɚɦɦ ɩɪɨɜɨɞɢɥɢ ɧɚ 
ɞɚɧɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɝɟɨɦɟɬɪɢɢ Ȼɪɷɝɝɚ–Ȼɪɟɧɬɚɧɨ. ɍɬɨɱɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɩɟɪɢɨɞɨɜ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɨɤ ɜɵɹɜɥɟɧɧɵɯ ɮɚɡ ɜɵɩɨɥɧɹɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ 
PowderCell [11, 12]. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɢɲɟɧɢ ɢɡ ɫɩɥɚɜɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ  
Zr–12,1% (ɩɨ ɦɚɫɫɟ) Y, ɢɡɝɨɬɨɜɥɟɧɧɨɣ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɜɵɩɥɚɜɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟ-
ɬɨɞɚ ȼȾɉ, ɭɫɬɚɧɨɜɥɟɧɨ ɧɚɥɢɱɢɟ ɩɪɢɦɟɫɟɣ ɜɧɟɞɪɟɧɢɹ ɜ ɤɨɥɢɱɟɫɬɜɟ, % (ɩɨ ɦɚɫɫɟ): 
0,007 ɭɝɥɟɪɨɞɚ; 0,0θ4 ɤɢɫɥɨɪɨɞɚ ɢ 0,0γ0 ɚɡɨɬɚ (ɫɭɦɦɚɪɧɨ 0,101% (ɩɨ ɦɚɫɫɟ), ɢɥɢ 
1010 ppm). ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɚ ɦɢɲɟɧɢ ɢɡ ɞɚɧɧɨɝɨ ɫɩɥɚɜɚ ɦɟɬɨɞɨɦ 
ɊɗɆ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ ɜɵɞɟɥɹɟɬɫɹ ɛɨɥɟɟ ɥɟɝɤɨɩɥɚɜɤɚɹ ɮɚɡɚ (ɪɢɫ. γ, ɚ). 
ɒɢɪɢɧɚ ɝɪɚɧɢɰ ɫɨɫɬɚɜɥɹɟɬ ɨɬ γ ɞɨ 10 ɦɤɦ. ȼ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɜɢɞɧɵ ɨɞɢɧɨɱɧɵɟ ɬɟɦɧɵɟ 
ɜɤɥɸɱɟɧɢɹ ɩɪɢɦɟɫɟɣ ɜɧɟɞɪɟɧɢɹ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɤɚɤ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɧɚ, ɬɚɤ ɢ ɜ ɟɝɨ 
ɨɛɴɟɦɟ. ɉɪɢɫɭɬɫɬɜɭɸɬ ɬɚɤɠɟ ɢ ɦɟɥɤɢɟ ɫɜɟɬɥɵɟ ɜɤɥɸɱɟɧɢɹ ɨɤɪɭɝɥɨɣ ɮɨɪɦɵ ɪɚɡɦɟɪɨɦ 
ɨɬ 1 ɞɨ θ ɦɤɦ. 

Ɇɟɬɨɞɨɦ ɆɊɋȺ ɨɩɪɟɞɟɥɟɧɨ ɨɛɳɟɟ ɫɨɞɟɪɠɚɧɢɟ ɩɪɢɦɟɫɧɵɯ ɜɤɥɸɱɟɧɢɣ ɜ ɫɬɪɭɤɬɭ-
ɪɟ ɫɩɥɚɜɚ: 4,β–4,θ% (ɨɛɴɟɦɧ.), ɚ ɩɨ ɟɝɨ ɪɟɡɭɥɶɬɚɬɚɦ ɭɫɬɚɧɨɜɥɟɧɨ ɫɥɟɞɭɸɳɟɟ ɫɨɞɟɪɠɚɧɢɟ 
ɷɥɟɦɟɧɬɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɨɛɪɚɡɰɚ ɢɡ ɫɩɥɚɜɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ Zr–1β% (ɩɨ ɦɚɫ-
ɫɟ) Y (ɪɢɫ. γ, ɛ):  

– ɜ ɨɛɴɟɦɟ ɡɟɪɧɚ (ɨɛɥɚɫɬɢ ɫɟɪɨɝɨ ɰɜɟɬɚ 1, 3), ɜ ɮɚɡɟ ɧɚ ɨɫɧɨɜɟ ɰɢɪɤɨɧɢɹ, % (ɩɨ ɦɚɫ-
ɫɟ): 8γ,8 Zr; 3,7 Y ɢ ɩɪɢɦɟɫɢ (η,θ ɋ ɢ β,γ Ɉ); 

– ɜɨ ɜɤɥɸɱɟɧɢɹɯ ɩɨ ɝɪɚɧɢɰɚɦ ɢ ɨɛɴɟɦɭ ɡɟɪɟɧ ɪɚɡɦɟɪɨɦ ɨɬ γ ɞɨ 10 ɦɤɦ (ɨɛɥɚɫɬɢ ɬɟɦ-
ɧɨɝɨ ɰɜɟɬɚ 4, 13), ɜ ɮɚɡɟ ɧɚ ɨɫɧɨɜɟ ɰɢɪɤɨɧɢɹ, % (ɩɨ ɦɚɫɫɟ): 79,8 Zr; 7,3 Y ɢ ɩɪɢɦɟɫɢ 
(10,8 ɋ ɢ β,β Ɉ); 

– ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ (ɨɛɥɚɫɬɢ ɫɜɟɬɥɨɝɨ ɰɜɟɬɚ 9, 10), ɜ ɮɚɡɟ ɧɚ ɨɫɧɨɜɟ ɢɬɬɪɢɹ, % (ɩɨ 
ɦɚɫɫɟ): 88,1 Y; 3,9 Zr ɢ ɩɪɢɦɟɫɢ (η,8 ɋ ɢ β,β Ɉ);  

– ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ (ɨɛɥɚɫɬɢ ɫɜɟɬɥɨ-ɫɟɪɨɝɨ ɰɜɟɬɚ 5, 6, 8), ɜ ɮɚɡɟ ɧɚ ɨɫɧɨɜɟ ɢɬɬɪɢɹ, 
% (ɩɨ ɦɚɫɫɟ): 78,γ Y; 2,2 Zr ɢ ɩɪɢɦɟɫɢ (7,7 ɋ ɢ 1β,7 Ɉ). 

 
ɛ)ɚ)

 
Ɋɢɫ. γ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (ɚ – ×η00; ɛ – ×4000) ɦɢɲɟɧɢ ɢɡ ɫɩɥɚɜɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ  

Zr–1β,1% (ɩɨ ɦɚɫɫɟ) Y 
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ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɢ ɩɨɥɭɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ 
(SemiQuant) ɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ (ɬɚɛɥ. 1 ɢ ɪɢɫ. 4) ɨɛɪɚɡɰɚ ɢɡ ɫɩɥɚɜɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 
Zr–1β% (ɩɨ ɦɚɫɫɟ) Y ɨɩɪɟɞɟɥɟɧɨ ɧɚɥɢɱɢɟ ɜ ɧɟɦ 70–8η% (ɨɛɴɟɦɧ.) ɮɚɡɵ ɧɚ ɨɫɧɨɜɟ ɰɢɪ-
ɤɨɧɢɹ ɢ з(1η–γ0)% (ɨɛɴɟɦɧ.) ɮɚɡɵ ɧɚ ɨɫɧɨɜɟ ɢɬɬɪɢɹ [7, 8]. ɉɪɢɦɟɫɧɵɟ ɮɚɡɵ ɧɟ ɜɵɹɜɥɟ-
ɧɵ ɜɜɢɞɭ ɢɯ ɦɚɥɨɝɨ ɤɨɥɢɱɟɫɬɜɚ.  

 
Ɍɚɛɥɢɰɚ 1 

Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɦɢɲɟɧɢ, ɩɨɥɭɱɟɧɧɨɣ ɦɟɬɨɞɨɦ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɨɣ ɩɥɚɜɤɢ 

Ɍɢɩ ɮɚɡɵ 
ɋɨɞɟɪɠɚɧɢɟ ɮɚɡɵ,  

% (ɨɛɴɟɦɧ.) 
ɉɟɪɢɨɞ ɪɟɲɟɬɤɢ, ɧɦ 
ɚ ɫ 

Ƚɟɤɫɚɝɨɧɚɥɶɧɚɹ  
ɧɚ ɨɫɧɨɜɟ ɰɢɪɤɨɧɢɹ 

70–85 0,32505 0,51944 

Ƚɟɤɫɚɝɨɧɚɥɶɧɚɹ  
ɧɚ ɨɫɧɨɜɟ ɢɬɬɪɢɹ 

15–30 0,36536 0,58081 

 

2ș, ɝɪɚɞɭɫ

ɂ
ɧɬ
ɟɧ
ɫɢ
ɜɧ
ɨɫ
ɬɶ
, ɢ
ɦɩ

.

 
Ɋɢɫ. 4. Ɋɟɧɬɝɟɧɨɝɪɚɦɦɚ ɨɛɪɚɡɰɚ ɢɡ ɫɩɥɚɜɚ  

ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ Zr–12% (ɩɨ ɦɚɫɫɟ) Y (Cu Kα-ɢɡɥɭɱɟɧɢɟ) 
 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɛɪɚɡɰɚ ɦɢɲɟɧɢ ɢɡ ɫɩɥɚɜɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ Zr–8,8% (ɩɨ ɦɚɫ-
ɫɟ) Y, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɚ ȼɂɉ, ɩɨɤɚɡɚɥɨ ɩɪɢɫɭɬɫɬɜɢɟ ɩɪɢɦɟɫɟɣ 
ZrO2 ɢ ZrYɈ2, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɪɚɫɩɥɚɜɚ ɫ ɮɭɬɟɪɨɜɤɨɣ ɩɥɚɜɢɥɶɧɨɝɨ 
ɬɢɝɥɹ. Ɉɛɪɚɡɨɜɚɧɢɟ ɨɤɫɢɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɨ ɫɥɟɞɭɸɳɢɦ ɪɟɚɤɰɢɹɦ: 

 

3Zr+2Y2O3=3ZrO2+4Y, 
4Zr+2Y2O3+Ɉ2=4ZrYO2. 

ȼɵɩɥɚɜɥɟɧɧɵɣ ɦɟɬɚɥɥ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 19η0 °ɋ ɫɥɢɜɚɥɢ ɜ ɤɟɪɚɦɢɱɟɫɤɭɸ ɮɨɪɦɭ 
ɢɡ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. Ɍɟɦɩɟɪɚɬɭɪɚ ɮɨɪɦɵ ɧɚ ɦɨɦɟɧɬ ɟɟ ɡɚɥɢɜɤɢ ɦɟɬɚɥɥɨɦ ɫɨɫɬɚɜɥɹɥɚ 
500 °ɋ. ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɩɪɨɰɟɫɫɚ ɩɪɨɢɫɯɨɞɢɥɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɫɩɥɚɜɚ (Y, Zr) ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɫɥɨɟɦ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɨɤɫɢɞɨɜ. 

ɉɨɫɥɟ ɨɬɞɟɥɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ ɨɬ ɨɬɥɢɜɤɢ ɧɚ ɟɟ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɮɢɤɫɢɪɨɜɚɧ 
ɯɢɦɢɱɟɫɤɢɣ ɩɪɢɝɚɪ ɪɨɡɨɜɨɝɨ ɰɜɟɬɚ, ɬɪɭɞɧɨ ɭɞɚɥɹɟɦɵɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɪɨɛɟɫɬɪɭɣɧɨɣ 
ɨɛɪɚɛɨɬɤɢ. Ⱦɚɥɟɟ ɥɢɬɭɸ ɡɚɝɨɬɨɜɤɭ ɩɨɞɜɟɪɝɚɥɢ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɜɨɡɞɭɯɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
950 °ɋ, ɱɬɨ ɜɟɥɨ ɤ ɧɚɫɵɳɟɧɢɸ ɫɩɥɚɜɚ ɨɤɫɢɞɧɵɦɢ ɢ ɧɢɬɪɢɞɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɛɪɚɡɰɚ ɢɡ ɫɩɥɚɜɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ Zr–8,8% (ɩɨ ɦɚɫɫɟ) Y, ɩɨ-
ɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ȼɂɉ, ɜɵɹɜɢɥɨ ɜ ɧɟɦ ɧɚɥɢɱɢɟ ɫɥɟɞɭɸɳɢɯ ɩɪɢɦɟɫɟɣ ɜɧɟɞɪɟɧɢɹ, 
% (ɩɨ ɦɚɫɫɟ): 0,11 ɭɝɥɟɪɨɞɚ; 0,ββ ɤɢɫɥɨɪɨɞɚ; 0,07η ɚɡɨɬɚ (ɫɭɦɦɚɪɧɨ 0,40η% (ɩɨ ɦɚɫɫɟ), 
ɢɥɢ 40η0 ppm). 
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ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɟɬɨɞɨɦ ɊɗɆ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ 
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɩɥɚɜɚ (ɪɢɫ. η, ɚ) ɜɵɪɚɠɟɧɧɵɯ ɝɪɚɧɢɰ ɦɟɠɞɭ ɤɪɢɫɬɚɥɥɚɦɢ ɡɟɪɟɧ ɧɟ 
ɧɚɛɥɸɞɚɟɬɫɹ. ȼɢɞɧɵ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨ-ɧɚɩɪɚɜɥɟɧɧɵɟ ɩɪɢɦɟɫɧɵɟ ɜɤɥɸɱɟɧɢɹ ɬɟɦɧɨɝɨ 
ɰɜɟɬɚ ɪɚɡɦɟɪɨɦ ɨɬ 0,γ ɞɨ β0,0 ɦɤɦ, ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɫɬɪɭɤɬɭɪɟ ɫɩɥɚɜɚ, 
ɜ ɤɨɬɨɪɨɣ ɩɪɢɫɭɬɫɬɜɭɸɬ ɤɪɭɩɧɵɟ ɬɟɦɧɵɟ ɜɤɥɸɱɟɧɢɹ ɨɤɪɭɝɥɨɣ ɮɨɪɦɵ ɪɚɡɦɟɪɨɦ ɨɬ η ɞɨ 
γ0 ɦɤɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɨɬ η0 ɞɨ 100 ɦɤɦ ɞɪɭɝ ɨɬ ɞɪɭɝɚ.  

 
ɛ)ɚ)

 
Ɋɢɫ. η. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (ɚ – ×η00; ɛ – ×1γ000) ɦɢɲɟɧɢ ɢɡ ɫɩɥɚɜɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ  

Zr–8,8% (ɩɨ ɦɚɫɫɟ) Y 
 
Ɇɟɬɨɞɨɦ ɆɊɋȺ ɨɩɪɟɞɟɥɟɧɨ ɨɛɳɟɟ ɫɨɞɟɪɠɚɧɢɟ ɩɪɢɦɟɫɧɵɯ ɜɤɥɸɱɟɧɢɣ ɜ ɫɬɪɭɤ-

ɬɭɪɟ ɫɩɥɚɜɚ: θ,8–7,2% (ɨɛɴɟɦɧ.), ɚ ɩɨ ɟɝɨ ɪɟɡɭɥɶɬɚɬɚɦ ɭɫɬɚɧɨɜɥɟɧɨ ɫɥɟɞɭɸɳɟɟ ɫɨɞɟɪ-
ɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɨɛɪɚɡɰɚ ɦɢɲɟɧɢ ɢɡ ɫɩɥɚɜɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 
Zr–8,8% (ɩɨ ɦɚɫɫɟ) Y (ɪɢɫ. η): 

– ɜ ɨɛɥɚɫɬɢ ɫɟɪɨɝɨ ɰɜɟɬɚ (5), ɜ ɮɚɡɟ ɧɚ ɨɫɧɨɜɟ ɰɢɪɤɨɧɢɹ, % (ɩɨ ɦɚɫɫɟ): 79,8 Zr; 5 Y ɢ 
ɩɪɢɦɟɫɢ (10,η ɋ; η,0 Ɉ; 1,4 Si ɢ 1,β Al) (ɪɢɫ. η, ɛ); 

– ɜ ɨɤɪɭɝɥɵɯ ɬɟɦɧɵɯ ɜɤɥɸɱɟɧɢɹɯ (ɨɛɥɚɫɬɢ 1–4), ɜ ɮɚɡɟ ɧɚ ɨɫɧɨɜɟ ɢɬɬɪɢɹ, % (ɩɨ ɦɚɫ-
ɫɟ): ηβ,0 Y; 6,5 Zr ɢ ɩɪɢɦɟɫɢ (18,0 ɋ ɢ βγ,η Ɉ) (ɪɢɫ. η, ɛ); 

– ɜ ɬɨɱɤɚɯ ɬɟɦɧɨ-ɫɟɪɨɝɨ ɰɜɟɬɚ (ɨɛɥɚɫɬɢ 3, 7, 8), ɜ ɮɚɡɟ ɧɚ ɨɫɧɨɜɟ ɰɢɪɤɨɧɢɹ, % (ɩɨ 
ɦɚɫɫɟ): 7β,0 Zr; 9,0 Y ɢ ɩɪɢɦɟɫɢ (1β,0 ɋ ɢ 7,0 Ɉ) (ɪɢɫ. η, ɜ); 

– ɜ ɬɟɦɧɵɯ ɬɨɱɤɚɯ (ɨɛɥɚɫɬɢ 1, 4, 5, 9, 10, 14, 17), ɜ ɮɚɡɟ ɧɚ ɨɫɧɨɜɟ ɢɬɬɪɢɹ, % (ɩɨ ɦɚɫ-
ɫɟ): ηγ,0 Y, 19,0 Zr ɢ ɩɪɢɦɟɫɢ (1β,η ɋ ɢ 1η,η Ɉ) (ɪɢɫ. η, ɜ). 

ɍɫɬɚɧɨɜɥɟɧɨ ɩɪɢɫɭɬɫɬɜɢɟ ɩɪɢɦɟɫɟɣ ɭɝɥɟɪɨɞɚ (ɜɨɡɦɨɠɧɨ ɩɨɩɚɞɚɧɢɟ ɬɨɤɨɩɪɨɜɨ-
ɞɹɳɟɣ ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɵ ɜ ɩɨɪɵ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɲɥɢɮɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ), ɚ ɬɚɤɠɟ ɨɤɫɢɞɧɵɯ ɩɥɟɧɨɤ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɢ ɩɨɥɭɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ 
ɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ (ɬɚɛɥ. β, ɪɢɫ. θ) ɨɛɪɚɡɰɚ ɢɡ ɫɩɥɚɜɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ Zr–8,8% (ɩɨ 
ɦɚɫɫɟ) Y ɭɫɬɚɧɨɜɥɟɧɨ ɧɚɥɢɱɢɟ 90–9η% (ɨɛɴɟɦɧ.) ɮɚɡɵ ɧɚ ɨɫɧɨɜɟ ɰɢɪɤɨɧɢɹ ɢ  
5–10% (ɨɛɴɟɦɧ.) ɮɚɡɵ ɧɚ ɨɫɧɨɜɟ ɢɬɬɪɢɹ. 

 
Ɍɚɛɥɢɰɚ 2 

Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɦɢɲɟɧɢ, ɩɨɥɭɱɟɧɧɨɣ ɦɟɬɨɞɨɦ ɜɚɤɭɭɦɧɨ-ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɥɚɜɤɢ 

 
Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɩɪɢ ɜɵɩɥɚɜɤɟ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Zr–Y ɹɜɥɹɥɨɫɶ ɩɨɥɭɱɟɧɢɟ ɡɚ-

ɝɨɬɨɜɨɤ ɫ ɧɚɢɦɟɧɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɩɪɢɦɟɫɟɣ ɜɧɟɞɪɟɧɢɹ ɜ ɮɚɡɚɯ ɧɚ ɨɫɧɨɜɟ ɰɢɪɤɨɧɢɹ ɢ 
ɢɬɬɪɢɹ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɨɥɭɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ ɭɫɬɚɧɨɜɥɟɧɨ: 

Ɏɚɡɚ ɋɨɞɟɪɠɚɧɢɟ ɮɚɡɵ,  
% (ɨɛɴɟɦɧ.) 

ɉɟɪɢɨɞ ɪɟɲɟɬɤɢ, ɧɦ 
ɚ ɫ 

Ƚɟɤɫɚɝɨɧɚɥɶɧɚɹ  
ɧɚ ɨɫɧɨɜɟ ɰɢɪɤɨɧɢɹ 

90–95 0,32462 0,51848 

Ƚɟɤɫɚɝɨɧɚɥɶɧɚɹ  
ɧɚ ɨɫɧɨɜɟ ɢɬɬɪɢɹ 

5–10 0,36512 0,57817 
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ɜ ɫɩɥɚɜɟ, ɩɨɥɭɱɟɧɧɨɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ȼȾɉ, ɤɨɥɢɱɟɫɬɜɨ ɬɭɝɨɩɥɚɜɤɨɣ ɮɚɡɵ ɧɚ 
ɨɫɧɨɜɟ ɰɢɪɤɨɧɢɹ ɫ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɪɟɲɟɬɤɨɣ ɫɨɫɬɚɜɥɹɟɬ 70–8η% (ɨɛɴɟɦɧ.); ɜ ɫɩɥɚɜɟ, 
ɩɨɥɭɱɟɧɧɨɦ ɦɟɬɨɞɨɦ ȼɂɉ, – ɞɨ 90–9η% (ɨɛɴɟɦɧ.). ɋɨɞɟɪɠɚɧɢɟ ɥɟɝɤɨɩɥɚɜɤɨɣ ɮɚɡɵ ɧɚ 
ɨɫɧɨɜɟ ɢɬɬɪɢɹ ɫ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɪɟɲɟɬɤɨɣ ɜ ɫɩɥɚɜɟ, ɩɨɥɭɱɟɧɧɨɦ ɦɟɬɨɞɨɦ ȼȾɉ, ɫɨɫɬɚɜ-
ɥɹɟɬ 1η–γ0% (ɨɛɴɟɦɧ.), ɚ ɜ ɫɩɥɚɜɟ, ɩɨɥɭɱɟɧɧɨɦ ɦɟɬɨɞɨɦ ȼɂɉ, η–10% (ɨɛɴɟɦɧ.). ɍɜɟɥɢ-
ɱɟɧɢɟ ɡɧɚɱɟɧɢɣ ɩɟɪɢɨɞɨɜ ɪɟɲɟɬɤɢ ɚ ɢ ɫ ɜ ɫɩɥɚɜɟ, ɢɡɝɨɬɨɜɥɟɧɧɨɦ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɫ ɩɪɢ-
ɦɟɧɟɧɢɟɦ ɦɟɬɨɞɚ ȼȾɉ, ɜɵɡɜɚɧɨ ɩɪɢɫɭɬɫɬɜɢɟɦ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɮɚɡɵ ɧɚ ɨɫɧɨɜɟ 
ɢɬɬɪɢɹ (1η–γ0% (ɨɛɴɟɦɧ.)) ɢ ɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɩɪɢɦɟɫɟɣ ɜɧɟɞɪɟɧɢɹ (0,101% (ɩɨ 
ɦɚɫɫɟ), ɢɥɢ 1010 ppm). ȼ ɫɩɥɚɜɟ, ɢɡɝɨɬɨɜɥɟɧɧɨɦ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɚ 
ȼɂɉ, ɭɦɟɧɶɲɟɧɢɟ ɜɟɥɢɱɢɧ ɩɟɪɢɨɞɨɜ ɪɟɲɟɬɤɢ ɚ ɢ ɫ ɜɵɡɜɚɧɨ ɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɮɚɡɵ 
ɧɚ ɨɫɧɨɜɟ ɢɬɬɪɢɹ (η–10% (ɨɛɴɟɦɧ.)) ɢ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɩɪɢɦɟɫɟɣ ɜɧɟɞɪɟɧɢɹ 
(0,40η% (ɩɨ ɦɚɫɫɟ), ɢɥɢ 40η0 ppm).  

 

2ș, ɝɪɚɞɭɫ
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Ɋɢɫ. θ. Ɋɟɧɬɝɟɧɨɝɪɚɦɦɚ ɨɛɪɚɡɰɚ ɢɡ ɫɩɥɚɜɚ  

ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ Zr–8,8% (ɩɨ ɦɚɫɫɟ) Y (Cu Kα-ɢɡɥɭɱɟɧɢɟ) 
 
ȼ ɪɚɛɨɬɟ Д1γЖ ɨɬɦɟɱɟɧɨ, ɱɬɨ ɜ ɦɚɝɧɟɬɪɨɧɧɵɯ ɪɚɫɩɵɥɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɷɧɟɪ-

ɝɢɹ ɢɨɧɨɜ (ɤɚɤ ɩɪɚɜɢɥɨ, ɚɪɝɨɧɚ), ɛɨɦɛɚɪɞɢɪɭɸɳɢɯ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɦɢɲɟɧɶ, ɧɚɯɨɞɢɬɫɹ ɜ 
ɞɢɚɩɚɡɨɧɟ ɨɬ γ00 ɞɨ θ00 ɷȼ. Ɉɫɧɨɜɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢɨɧɨɜ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɫɩɥɚɜɚ ɦɢɲɟɧɢ ɹɜɥɹɟɬɫɹ ɢɨɧɧɨɟ ɪɚɫɩɵɥɟɧɢɟ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɪɚɫɩɵ-
ɥɟɧɢɹ. ɂɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥ. γ, ɜɢɞɧɨ, ɱɬɨ ɟɫɬɶ ɧɟɤɨɬɨɪɚɹ ɫɜɹɡɶ ɦɟɠɞɭ ɤɨɷɮ-
ɮɢɰɢɟɧɬɨɦ ɡɚɩɨɥɧɟɧɢɹ ɤɪɢɫɬɚɥɥɚ ɚɬɨɦɚɦɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɪɚɫɩɵɥɟɧɢɹ. ɉɪɢ ɜɵɫɨɤɢɯ 
ɡɧɚɱɟɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɨɥɧɟɧɢɹ ɤɪɢɫɬɚɥɥɚ ɚɬɨɦɚɦɢ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɵɥɟɧɢɹ ɜɵɲɟ, 
ɱɟɦ ɭ ɦɟɬɚɥɥɨɜ ɫ ɧɢɡɤɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɨɥɧɟɧɢɹ ɤɪɢɫɬɚɥɥɚ ɚɬɨɦɚɦɢ.  

ȼ ɬɚɛɥ. γ ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɩɵɥɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɢɨɧɚɦɢ ɚɪɝɨɧɚ ɩɪɢ ɬɢɩɢɱɧɵɯ ɞɥɹ ɦɚɝɧɟɬɪɨɧɧɵɯ ɪɚɫɩɵɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɡɧɚɱɟɧɢɹɯ ɷɧɟɪ-
ɝɢɢ. ɇɚɩɪɢɦɟɪ, ɭɝɥɟɪɨɞ, ɢɦɟɹ ɫɚɦɭɸ ɧɢɡɤɭɸ ɜɟɥɢɱɢɧɭ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɩɵɥɟɧɢɹ, ɨɛɥɚɞɚ-
ɟɬ ɫɚɦɵɦ ɧɢɡɤɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɨɥɧɟɧɢɹ ɤɪɢɫɬɚɥɥɚ ɚɬɨɦɚɦɢ, ɞɢɚɦɟɬɪ ɤɨɬɨɪɨɝɨ ɡɧɚɱɢ-
ɬɟɥɶɧɨ ɦɟɧɶɲɟ ɞɢɚɦɟɬɪɨɜ ɞɪɭɝɢɯ ɦɟɬɚɥɥɨɜ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɨɧ ɩɪɢ ɜɧɟɞɪɟɧɢɢ ɜ ɤɪɢ-
ɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ ɦɟɬɚɥɥɨɜ ɧɚɪɭɲɚɟɬ ɟɟ ɫɬɪɭɤɬɭɪɭ. ɑɟɦ ɜɵɲɟ ɢ «ɪɚɡɧɨɨɛɪɚɡɧɟɟ» 
ɭɪɨɜɟɧɶ ɩɪɢɦɟɫɟɣ ɜɧɟɞɪɟɧɢɹ (ɋ, Si, N, Ɉ), ɬɟɦ ɛɨɥɶɲɟ ɞɟɮɨɪɦɚɰɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟ-
ɲɟɬɤɢ ɚɬɨɦɨɜ ɦɟɬɚɥɥɚ, ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɵɥɟɧɢɹ ɫɩɥɚɜɚ ɦɢɲɟɧɢ ɦɟɧɶɲɟ.  

ɋ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɩɵɥɟɧɢɹ ɬɪɟɛɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɷɧɟɪ-
ɝɢɹ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɪɚɡɪɹɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɛɨɦɛɚɪɞɢɪɨɜɤɢ ɢɨɧɚɦɢ ɚɪɝɨɧɚ.  
Ɉɞɧɚɤɨ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɝɪɟɜɭ ɫɩɥɚɜɚ ɦɢɲɟɧɢ ɢ ɩɨɞɥɨɠɤɢ ɞɟɬɚɥɢ, ɜɟɞɭɳɟɣ ɤ ɟɟ 
ɨɤɢɫɥɟɧɢɸ ɢ ɭɯɭɞɲɟɧɢɸ ɚɞɝɟɡɢɢ ɨɫɚɠɞɚɟɦɨɝɨ ɫɥɨɹ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɹ. 
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Ɍɚɛɥɢɰɚ 3 
Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɵɥɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɨɧɚɦɢ ɚɪɝɨɧɚ  

ɩɪɢ ɧɢɡɤɢɯ ɡɧɚɱɟɧɢɹɯ ɢɯ ɷɧɟɪɝɢɢ Д13Ж 

 
ȼ ɫɥɭɱɚɟ ɛɨɦɛɚɪɞɢɪɨɜɚɧɢɹ ɦɢɲɟɧɢ ɫ ɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɩɪɢɦɟɫɟɣ (≤0,1% (ɩɨ 

ɦɚɫɫɟ), ɢɥɢ ≤1000 ɪɪm) ɩɪɨɰɟɫɫ ɪɚɫɩɵɥɟɧɢɹ ɩɪɨɬɟɤɚɟɬ ɫɬɚɛɢɥɶɧɨ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɩɵ-
ɥɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɦɢɲɟɧɢ ɚɬɨɦɚɦɢ ɪɟɚɤɬɢɜɧɨɝɨ ɝɚɡɚ (ɤɢɫɥɨɪɨɞɚ, ɚɪɝɨɧɚ) ɧɚ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɩɨɞɥɨɠɤɢ ɮɨɪɦɢɪɭɟɬɫɹ ɤɚɱɟɫɬɜɟɧɧɵɣ ɫɥɨɣ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɹ ɬɪɟɛɭɟɦɨɝɨ 
ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ (ɪɢɫ. 7, ɚ). 

 
ɛ)ɚ)

 
Ɋɢɫ. 7. ɉɟɪɨ ɨɯɥɚɠɞɚɟɦɨɣ ɥɨɩɚɬɤɢ ɬɭɪɛɢɧɵ ɫ ɬɟɩɥɨɡɚɳɢɬɧɵɦ ɩɨɤɪɵɬɢɟɦ ɢ ɤɟɪɚɦɢɱɟɫɤɢɦ 

ɫɥɨɟɦ, ɧɚɧɟɫɟɧɧɵɦ ɦɚɝɧɟɬɪɨɧɧɵɦ ɪɚɫɩɵɥɟɧɢɟɦ ɦɢɲɟɧɢ ɢɡ ɫɩɥɚɜɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɨ ɬɟɯɧɨɥɨɝɢɢ 
ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɨɜ ȼȾɉ (ɚ) ɢ ȼɂɉ (ɛ) 

 
Ɍɨɥɳɢɧɚ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨɹ ɬɟɩɥɨɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɫɨɫɬɚɜɥɹɟɬ ɨɬ η0 ɞɨ 

100 ɦɤɦ ɩɪɢ ɪɚɫɩɵɥɟɧɢɢ ɦɢɲɟɧɢ ɜ ɬɟɱɟɧɢɟ η–8 ɱ. ɉɪɢ ɧɚɥɢɱɢɢ ɩɨɜɵɲɟɧɧɨɝɨ ɫɨɞɟɪɠɚ-
ɧɢɹ ɩɪɢɦɟɫɟɣ ɜɧɟɞɪɟɧɢɹ ɜ ɫɩɥɚɜɟ ɦɢɲɟɧɢ (>0,1% (ɩɨ ɦɚɫɫɟ), ɢɥɢ >1000 ɪɪm) ɫɬɚɛɢɥɶ-
ɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɪɚɫɩɵɥɟɧɢɹ ɧɚɪɭɲɚɟɬɫɹ. ȿɫɥɢ ɨɤɫɢɞɧɵɟ, ɧɢɬɪɢɞɧɵɟ ɢ ɤɚɪɛɢɞɧɵɟ ɩɪɢ-
ɦɟɫɢ ɜɧɟɞɪɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɫɩɥɚɜɟ ɦɢɲɟɧɢ, ɨɬɪɢɰɚɬɟɥɶɧɨ ɜɥɢɹɸɬ ɬɨɥɶɤɨ ɧɚ ɩɪɨ-
ɰɟɫɫ ɪɚɫɩɵɥɟɧɢɹ ɦɢɲɟɧɢ, ɭɯɭɞɲɚɹ ɚɞɝɟɡɢɸ ɩɨɤɪɵɬɢɹ, ɬɨ ɚɬɨɦɵ ɤɪɟɦɧɢɹ ɢ ɩɪɨɱɢɟ 
ɩɪɢɦɟɫɢ, ɨɤɢɫɥɹɹɫɶ ɜ ɩɨɬɨɤɟ ɤɢɫɥɨɪɨɞɚ, ɨɛɪɚɡɭɸɬ ɨɤɫɢɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɤɨɬɨɪɵɟ 
ɭɱɚɫɬɜɭɸɬ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨɹ ɩɨɤɪɵɬɢɹ, ɧɚɪɭɲɚɹ ɟɝɨ ɯɢɦɢɱɟɫɤɢɣ 
ɫɨɫɬɚɜ. ȼ ɩɪɨɰɟɫɫɟ ɨɯɥɚɠɞɟɧɢɹ ɞɟɬɚɥɟɣ ɩɪɢɦɟɫɧɵɟ ɨɤɫɢɞɵ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɫɥɨɟ ɤɟɪɚ-
ɦɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɹ, ɨɛɪɚɡɭɸɬ ɜɧɭɬɪɟɧɧɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɜɜɢɞɭ ɪɚɡɧɢɰɵ ɡɧɚɱɟ-
ɧɢɣ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɌɄɅɊ) (ɬɚɛɥ. 4) Д14, 1ηЖ ɜ 
ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɟɬɚɥɟɣ ɫ ɌɁɉ ɜɟɞɭɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɬɪɟɳɢɧ, ɫɤɨɥɨɜ ɢ ɨɬɫɥɨɟ-
ɧɢɸ ɩɨɤɪɵɬɢɹ. 

Ɇɚɬɟ-
ɪɢɚɥ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɵɥɟɧɢɹ  
ɩɪɢ ɷɧɟɪɝɢɢ ɢɨɧɨɜ ɚɪɝɨɧɚ, ɷȼ 

Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚɹ  
ɫɬɪɭɤɬɭɪɚ  
ɦɟɬɚɥɥɨɜ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɡɚɩɨɥɧɟɧɢɹ ɤɪɢɫ-
ɬɚɥɥɚ ɚɬɨɦɚɦɢ 

Ⱥɬɨɦɧɵɣ 
ɞɢɚɦɟɬɪ, 

ɧɦ 400 600 
Ag 2,5 3,0 Ƚɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɚɹ 

ɤɭɛɢɱɟɫɤɚɹ 

0,74 

0,2883 
Cu 1,8 2,2 0,2551 
Ni 1,0 2,0 Ƚɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɚɹ 

ɤɭɛɢɱɟɫɤɚɹ Ȗ-Ni 
0,2457 

Al 0,8 1,25 Ƚɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɚɹ 
ɤɭɛɢɱɟɫɤɚɹ 

0,2800 

Zr 0,6 0,9 Ɉɛɴɟɦɧɨɰɟɧɬɪɢɪɨɜɚɧ-
ɧɚɹ ɤɭɛɢɱɟɫɤɚɹ β-Zr 

0,3220 

Ti 0,4 0,6 Ɉɛɴɟɦɧɨɰɟɧɬɪɢɪɨɜɚɧ-
ɧɚɹ ɤɭɛɢɱɟɫɤɚɹ β-Ti 

0,68 0,2960 

C 0,09 0,15 Ʉɭɛɢɱɟɫɤɚɹ ɝɟɤɫɚɝɨ-
ɧɚɥɶɧɚɹ ɧɟɤɨɦɩɚɤɬɧɚɹ  

0,34 0,1540 
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Ɍɚɛɥɢɰɚ 4 
ɋɜɨɣɫɬɜɚ ɨɤɫɢɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20–800 °ɋ 

ɋɜɨɣɫɬɜɚ Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɨɤɫɢɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 
Al2O3 SiɈ2 Y2O3 ZrO2 

ɉɥɨɬɧɨɫɬɶ, ɤɝ/ɦ3 3500 2300 4840 5680 
ɌɄɅɊ, α·106, Ʉ-1 13,3 2,0 8,4 10 
Ɇɢɤɪɨɬɜɟɪɞɨɫɬɶ, Ɇɉɚ 2100 1100 2800 1200 

 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɪɚɫɩɵɥɟɧɢɢ ɦɢɲɟɧɢ, ɢɡɝɨɬɨɜɥɟɧɧɨɣ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɚ ȼɂɉ, ɜ ɬɟɱɟɧɢɟ ޓθ ɱ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɥɨɠɤɢ ɩɪɟɜɵɲɚɥɚ θ00 °ɋ, 
ɱɬɨ ɫɤɚɡɵɜɚɥɨɫɶ ɧɚ ɤɚɱɟɫɬɜɟ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɹ ɬɨɥɳɢɧɨɣ з(γ0–η0) ɦɤɦ. ɉɨɫɥɟ 
ɨɯɥɚɠɞɟɧɢɹ ɞɟɬɚɥɟɣ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɢɡɴɹɬɢɹ ɢɡ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɭɫɬɚɧɨɜ-
ɤɢ ɍɈɄɋ-β ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɧɚɪɭɠɢɜɚɥɢ ɫɤɨɥɵ, ɪɚɡɪɭɲɟɧɢɹ ɢ ɨɫɵɩɚɧɢɟ ɤɟɪɚɦɢɱɟ-
ɫɤɨɝɨ ɫɥɨɹ (ɪɢɫ. 7, ɛ). 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ: 
– ɦɢɲɟɧɶ ɢɡ ɫɩɥɚɜɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ Zr–1β,1% (ɩɨ ɦɚɫɫɟ) Y, ɩɨɥɭɱɟɧɧɚɹ ɫ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ȼȾɉ, ɫɨɞɟɪɠɢɬ ɩɪɢɦɟɫɢ ɜɧɟɞɪɟɧɢɹ ɜ ɤɨɥɢɱɟɫɬɜɟ 0,101% (ɩɨ ɦɚɫ-
ɫɟ), ɢɥɢ 1010 ppm, ɚ ɦɢɲɟɧɶ ɢɡ ɫɩɥɚɜɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ Zr–8,8% (ɩɨ ɦɚɫɫɟ) Y, ɢɡɝɨ-
ɬɨɜɥɟɧɧɚɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ȼɂɉ, ɫɨɞɟɪɠɢɬ ɩɪɢɦɟɫɢ ɜɧɟɞɪɟɧɢɹ ɜ ɤɨɥɢɱɟɫɬɜɟ 
0,40η% (ɩɨ ɦɚɫɫɟ), ɢɥɢ 40η0 ppm; 

– ɩɪɢ ɪɚɫɩɵɥɟɧɢɢ ɦɢɲɟɧɢ ɢɡ ɫɩɥɚɜɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ Zr–1β,1% (ɩɨ ɦɚɫɫɟ) Y, 
ɩɨɥɭɱɟɧɧɨɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ȼȾɉ, ɩɪɨɰɟɫɫ ɨɫɚɠɞɟɧɢɹ ɩɨɤɪɵɬɢɹ ɩɪɨɬɟɤɚɟɬ ɛɟɡ 
ɧɚɪɭɲɟɧɢɣ, ɚ ɩɪɢ ɪɚɫɩɵɥɟɧɢɢ ɦɢɲɟɧɢ ɢɡ ɫɩɥɚɜɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ Zr–8,8% (ɩɨ ɦɚɫ-
ɫɟ) Y, ɢɡɝɨɬɨɜɥɟɧɧɨɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɚ ȼɂɉ, ɜ ɬɟɱɟɧɢɟ ޓθ ɱ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɥɨɠ-
ɤɢ ɩɪɟɜɵɲɚɥɚ θ00 °ɋ, ɱɬɨ ɫɤɚɡɵɜɚɥɨɫɶ ɧɚ ɤɚɱɟɫɬɜɟ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɹ. ɉɨɫɥɟ 
ɨɯɥɚɠɞɟɧɢɹ ɞɟɬɚɥɟɣ ɫ ɌɁɉ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɢɡɴɹɬɢɹ ɢɯ ɢɡ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ 
ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɧɚɪɭɠɢɜɚɥɢɫɶ ɫɤɨɥɵ ɢ ɨɫɵɩɚɧɢɟ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨɹ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɞɨɪɨɝɨɫɬɨɹɳɟɝɨ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Zr–Y, ɩɨ-
ɥɭɱɟɧɧɨɝɨ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ȼȾɉ, ɫɨɫɬɚɜɥɹɟɬ ηγ%, ɚ ɫ ɩɪɢɦɟɧɟ-
ɧɢɟɦ ɦɟɬɨɞɚ ȼɂɉ <40%;  

– ɦɟɬɨɞ ȼɂɉ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɦɢɲɟɧɟɣ ɢɡ ɫɩɥɚɜɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɯɢɦɢɱɟɫɤɢ ɚɤ-
ɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɊɁɆ, ɧɟ ɫɩɨɫɨɛɟɧ ɨɛɟɫɩɟɱɢɬɶ ɩɨɜɬɨɪɹɟɦɨɫɬɶ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 
ɜɜɢɞɭ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɥɚɜɢɥɶɧɨɝɨ ɬɢɝɥɹ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɢɡ ɨɤɫɢɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɚɤ-
ɬɢɜɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɫ ɊɁɆ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɜɵɩɥɚɜɤɢ ɫɩɥɚɜɨɜ ɫ ɷɥɟɦɟɧɬɚɦɢ ɊɁɆ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɦɢɲɟɧɟɣ ɞɥɹ ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ Ʉɋ ɌɁɉ, ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ȼȾɉ 
ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ. ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɨɡɜɨɥɢɬ ɩɨɥɭ-
ɱɚɬɶ ɤɚɱɟɫɬɜɟɧɧɵɟ ɫɩɥɚɜɵ ɫ ɛɨɥɟɟ ɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɩɪɢɦɟɫɟɣ ɜɧɟɞɪɟɧɢɹ, ɱɬɨ ɩɨ-
ɥɨɠɢɬɟɥɶɧɨ ɨɬɪɚɡɢɬɫɹ ɧɚ ɤɚɱɟɫɬɜɟ Ʉɋ ɌɁɉ. 
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ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɩɨɜɵɲɟɧɢɸ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɫɬɢ ɬɢ-

ɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ɢɡ ɨɪɬɨɪɨɦɛɢɱɟɫɤɨɝɨ ɚɥɸɦɢɧɢɞɚ ɬɢɬɚɧɚ Ti2AlNb ɩɭɬɟɦ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɹ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɛɚɪɶɟɪɧɨɝɨ ɢ ɜɧɟɲɧɟɝɨ ɫɥɨɟɜ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɩɪɨɦɵɲɥɟɧɧɨɣ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɆȺɉ-3. ɍɫɬɚɧɨɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɨɛɳɟɝɨ 
ɢɡɧɨɫɚ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ Ti2AlNb ɫ ɩɨɤɪɵɬɢɟɦ ɢ ɛɟɡ ɧɟɝɨ ɜ ɩɚɪɟ 
ɫ ɤɨɧɬɪɬɟɥɨɦ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɨɝɨ ɫɜɚɪɢɜɚɟɦɨɝɨ ɞɢɫɩɟɪɫɧɨɬɜɟɪɞɟɸɳɟɝɨ ɫɩɥɚɜɚ ɩɪɢ ɢɫ-
ɩɵɬɚɧɢɹɯ ɧɚ ɮɪɟɬɬɢɧɝɨɩɨɜɪɟɠɞɚɟɦɨɫɬɶ ɜ ɭɫɥɨɜɢɹɯ ɤɨɦɧɚɬɧɨɣ (20 °ɋ) ɢ ɩɨɜɵɲɟɧɧɨɣ 
(700 °ɋ) ɬɟɦɩɟɪɚɬɭɪ. ɉɨɤɚɡɚɧɚ ɤɢɧɟɬɢɤɚ ɧɚɫɵɳɟɧɢɹ ɤɢɫɥɨɪɨɞɨɦ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ 
ɢɡ ɫɩɥɚɜɚ Ti2AlNb ɫ ɩɨɤɪɵɬɢɟɦ ɢ ɛɟɡ ɧɟɝɨ ɩɪɢ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɩɥɚɜɚ ɧɚ ɛɚɡɟ 200 ɱ. 
ɂɫɫɥɟɞɨɜɚɧɵ ɮɚɡɨɜɵɣ ɢ ɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜɵ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɝɨ ɩɨɤɪɵɬɢɹ ɩɨɫɥɟ ɜɵ-
ɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɜɵɞɟɪɠɤɢ. 

Ключевые слова: ɨɪɬɨɪɨɦɛɢɱɟɫɤɢɣ ɚɥɸɦɢɧɢɞ ɬɢɬɚɧɚ Ti2AlNb, ɞɢɫɩɟɪɫɧɨ-
ɬɜɟɪɞɟɸɳɢɣ ɫɩɥɚɜ, ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɟ ɩɨɤɪɵɬɢɟ, ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɫɬɶ, ɮɪɟɬɬɢɧɝɨ-
ɩɨɜɪɟɠɞɚɟɦɨɫɬɶ, ɠɚɪɨɫɬɨɣɤɨɫɬɶ, ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ, ɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ. 

 
D.S. Gorlov1, O.V. Zaklyakova1, D.A. Aleksandrov1, S.A. Budinovskii1 
 
IMPROVING  OF  FRETTING  RESISTANCE  
INTERMETALLIC  Ti2AlNb  ALLOY 

 
The results of research on improving the fretting resistance of a titanium alloy made of or-

thorhombic titanium aluminide Ti2AlNb by forming a coating consisting of a barrier and an 
outer layer on the surface using an industrial vacuum-arc installation MAP-3 are presented. 
The dependences of the total wear and the coefficient of friction of samples made of Ti2AlNb al-
loy with and without coating in combination with a counterbody made of high-strength welded 
dispersed-hardening alloy during fretting damage tests at room (20 °C) КЧН ОХОЯКtОН (700 °C) 
temperatures are established. The kinetics of oxygen saturation of the surface of samples made 
of Ti2AlNb alloy with and without coating at the operating temperature of the alloy based on 
200 h is shown. The phase and elemental compositions of the fretting-resistant coating after 
high-temperature exposure are investigated. 

Keywords: orthorhombic titanium aluminide Ti2AlNb, dispersion-hardening alloy,  
ion-plasma coating, fretting resistance, fretting damage, heat resistance, phase composition,  
element composition. 
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ȼɜɟɞɟɧɢɟ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɮɪɟɬɬɢɧɝ – ɨɞɧɚ ɢɡ ɩɪɨɛɥɟɦ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɥɨɩɚɬɨɤ  
ɫɨɜɪɟɦɟɧɧɵɯ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ (ȽɌȾ). Ʉɨɧɬɚɤɬɧɵɣ ɢɡɧɨɫ ɡɚɦɤɨɜɵɯ ɫɨɟɞɢɧɟ-
ɧɢɣ ɥɨɩɚɬɨɤ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɢɯ ɪɚɡɪɭɲɟɧɢɸ. ɋɭɳɟɫɬɜɭɸɬ ɪɚɡɧɵɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ  
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ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɡɚɳɢɬɵ ɡɚɦɤɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɨɬ ɮɪɟɬɬɢɧɝɚ Д1Ж, ɫɪɟɞɢ ɤɨɬɨ-
ɪɵɯ ɨɞɧɢɦ ɢɡ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɹɜɥɹɟɬɫɹ ɧɚɧɟɫɟɧɢɟ ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɫɧɢɠɚɸ-
ɳɟɝɨ ɤɨɧɬɚɤɬɧɵɣ ɢɡɧɨɫ ɩɨɜɟɪɯɧɨɫɬɟɣ ɡɚɦɤɨɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. Ɏɪɟɬɬɢɧɝɨɫɬɨɣɤɨɟ ɩɨɤɪɵ-
ɬɢɟ ɞɨɥɠɧɨ ɜɵɞɟɪɠɢɜɚɬɶ ɫɞɜɢɝɨɜɵɟ ɧɚɝɪɭɡɤɢ ɛɟɡ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɢɡɧɨɫɚ ɢ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɡɚɳɢɬɭ ɨɬ ɧɚɫɵɳɟɧɢɹ ɤɢɫɥɨɪɨɞɨɦ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɞɜɢɝɚɬɟɥɟɫɬɪɨ-
ɢɬɟɥɶɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɩɪɢɦɟɧɹɸɬɫɹ ɩɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ ɫɟɪɟɛɪɚ, ɮɨɪɦɢɪɭɟɦɵɟ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ ɝɚɥɶɜɚɧɢɤɢ ɢ ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɪɟɫɭɪɫɚ ɡɚɦɤɨɜ 
ɜɟɧɬɢɥɹɬɨɪɧɵɯ ɥɨɩɚɬɨɤ ȽɌȾ, ɚ ɬɚɤɠɟ ɬɜɟɪɞɨɫɦɚɡɨɱɧɵɟ ɩɨɤɪɵɬɢɹ ɬɢɩɚ ȼȺɉ ɧɚ ɨɫɧɨɜɟ 
ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɵ ɞɥɹ ɫɧɢɠɟɧɢɹ ɢɡɧɨɫɚ ɡɚɦɤɨɜ ɥɨɩɚɬɨɤ ɤɨɦɩɪɟɫɫɨɪɚ ДβЖ. Ⱦɚɧɧɵɟ ɩɨ-
ɤɪɵɬɢɹ ɩɨɤɚɡɚɥɢ ɫɜɨɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɡɚɦɤɨɜ ɥɨɩɚɬɨɤ 
ɤɨɦɩɪɟɫɫɨɪɚ ɜ ɭɫɥɨɜɢɹɯ ɮɪɟɬɬɢɧɝɚ ɜ 1,η–β ɪɚɡɚ.  

ɉɪɢɦɟɧɹɸɬɫɹ ɬɚɤɠɟ ɝɚɥɶɜɚɧɢɱɟɫɤɢɟ ɩɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ ɢ ɤɚɞɦɢɹ. Ɉɰɟ-
ɧɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɢɯ ɩɨɤɪɵɬɢɣ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɥɨ-
ɩɚɬɨɤ ɦɨɠɧɨ ɩɨ ɨɬɫɭɬɫɬɜɢɸ ɫɥɟɞɨɜ ɢɡɧɨɫɚ ɜ ɩɨɫɚɞɨɱɧɨɦ ɝɧɟɡɞɟ ɞɢɫɤɚ ɢ ɦɢɧɢɦɚɥɶɧɨɦɭ 
ɢɡɧɨɫɭ ɫɚɦɨɝɨ ɩɨɤɪɵɬɢɹ. ɋɢɫɬɟɦɚ ɬɚɤɨɝɨ ɩɨɤɪɵɬɢɹ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɬɶ ɫɧɢɠɟɧɢɟ ɥɨ-
ɤɚɥɶɧɨɝɨ ɬɪɟɧɢɹ ɢ ɡɚɳɢɳɚɬɶ ɦɚɬɟɪɢɚɥ ɨɬ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɢ ɮɪɟɬɬɢɧɝ-
ɤɨɪɪɨɡɢɢ. ɇɚɲɟɞɲɢɟ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɢɟ ɩɨɤɪɵɬɢɹ ɪɚɛɨɬɚɸɬ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɣ βη0–300 °ɋ ДγЖ.  

ɋɨɜɪɟɦɟɧɧɵɦ ɢ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɡɚɳɢɬɵ ɢ ɭɩɪɨɱɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ 
ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ Д4Ж, ɩɨɥɭɱɢɜɲɢɯ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɢɟ ɜ ɚɜɢɚɰɢɨɧɧɨɣ ɨɬɪɚɫɥɢ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɪɟɫɭɪɫɚ ɪɚɛɨɬɵ ɥɨɩɚɬɨɤ ɝɚɡɨɜɵɯ ɬɭɪ-
ɛɢɧ ɢ ɞɪɭɝɢɯ ɨɫɨɛɨ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɞɟɬɚɥɟɣ ȽɌȾ ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ, ɧɢɤɟɥɟɜɵɯ ɢ 
ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɭɫɥɨɜɢɹɯ ɚɝɪɟɫɫɢɜɧɨɣ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɢɥɢ ɤɨɪɪɨɡɢ-
ɨɧɧɨɣ ɚɬɦɨɫɮɟɪɵ ɩɪɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ ɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ γη0 ɞɨ 
1150 °ɋ Дη–8Ж. ȼɨ ɎȽɍɉ «ȼɂȺɆ» ɪɚɡɪɚɛɨɬɚɧɚ ɢ ɨɬɪɚɛɨɬɚɧɚ ɜɚɤɭɭɦɧɨ-ɩɥɚɡɦɟɧɧɚɹ ɬɟɯ-
ɧɨɥɨɝɢɹ ɜɵɫɨɤɢɯ ɷɧɟɪɝɢɣ, ɪɟɚɥɢɡɨɜɚɧɧɚɹ ɧɚ ɦɚɲɢɧɚɯ ɫɟɪɢɢ ɆȺɉ, ɤɨɬɨɪɚɹ ɭɫɩɟɲɧɨ 
ɜɧɟɞɪɟɧɚ ɧɚ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢ ɡɚɪɭɛɟɠɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ Д9, 10Ж. 

ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɝɪɭɩɩɨɣ ɫɩɥɚɜɨɜ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɥɨɩɚɬɨɤ ɢ ɞɪɭɝɢɯ 
ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɞɟɬɚɥɟɣ ɚɜɢɚɰɢɨɧɧɵɯ ȽɌȾ ɬɢɩɚ «ɛɥɢɫɤ» ɢ «ɛɥɢɧɝ» ɫ ɪɚɛɨɱɢɦɢ ɬɟɦɩɟɪɚ-
ɬɭɪɚɦɢ ɨɬ θη0 ɞɨ 700°ɋ ɹɜɥɹɸɬɫɹ ɞɟɮɨɪɦɢɪɭɟɦɵɟ ɫɩɥɚɜɵ ɢɡ ɨɪɬɨɪɨɦɛɢɱɟɫɤɨɝɨ ɚɥɸɦɢ-
ɧɢɞɚ ɬɢɬɚɧɚ TТ2AХσЛ, ɤɨɬɨɪɵɣ ɨɬɥɢɱɚɟɬɫɹ ɜɵɫɨɤɢɦ ɩɨɤɚɡɚɬɟɥɟɦ ɩɪɨɱɧɨɫɬɢ ɢ ɛɨɥɟɟ ɧɢɡ-
ɤɨɣ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɚɥɹɦɢ ɢ ɠɟɥɟɡɨɧɢɤɟɥɟɜɵɦɢ ɫɩɥɚɜɚɦɢ, ɩɥɨɬɧɨɫɬɶɸ Д11, 1βЖ. 
ɋɩɟɰɢɚɥɢɫɬɚɦɢ ȼɂȺɆ ɪɚɡɪɚɛɨɬɚɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɪɬɨ-ɫɩɥɚɜɵ Д1γЖ. Ɉɤɢɫɥɟɧɢɟ 
ɞɟɬɚɥɟɣ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 700 °ɋ ɢ ɛɨɥɟɟ ɩɪɢɜɟɞɟɬ ɤ ɭɫɭɝɭɛɥɟɧɢɸ 
ɩɪɨɰɟɫɫɨɜ ɮɪɟɬɬɢɧɝɚ ɡɚ ɫɱɟɬ ɞɟɝɪɚɞɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɚɥɶɮɢɪɨɜɚɧɧɨɝɨ 
ɫɥɨɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɟ ɩɨɤɪɵɬɢɟ ɞɨɥɠɧɨ ɡɚɳɢɳɚɬɶ ɬɢɬɚɧɨɜɵɣ ɫɩɥɚɜ 
ɨɬ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɤɢɫɥɨɪɨɞɚ. Ɉɞɧɢɦ ɢɡ ɜɚɪɢɚɧɬɨɜ ɬɚɤɨɣ ɡɚɳɢɬɵ ɦɨɠɟɬ ɛɵɬɶ ɫɨɡɞɚɧɢɟ 
ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɜɟɪɯɧɟɝɨ ɠɚɪɨɫɬɨɣɤɨɝɨ ɫɥɨɹ ɢ ɛɚɪɶɟɪɧɨɝɨ ɩɨɞ-
ɫɥɨɹ ɧɚ ɨɫɧɨɜɟ ɬɜɟɪɞɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɧɢɬɪɢɞɨɜ, ɨɤɫɢɞɨɜ ɢɥɢ ɤɚɪɛɢɞɨɜ) Д14, 1ηЖ. Ȼɚɪɶɟɪ-
ɧɵɣ ɫɥɨɣ ɫɨɡɞɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɡɚɳɢɬɭ ɨɬ ɨɤɢɫɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɪɟɩɹɬɫɬɜɭɟɬ ɞɢɮɮɭ-
ɡɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨɤɪɵɬɢɹ (ɧɚɩɪɢɦɟɪ, ɧɢɤɟɥɹ ɢ ɯɪɨɦɚ) ɜ ɬɢɬɚɧɨɜɵɣ ɫɩɥɚɜ, ɤɨɬɨɪɵɟ 
ɦɨɝɭɬ ɫɨɡɞɚɬɶ ɜ ɡɨɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɯɪɭɩɱɢɜɚɸɳɢɟ ɮɚɡɵ. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɞɟɦɨɧɫɬɪɚɰɢɹ ɞɨɫɬɢɝɧɭɬɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ 
ɩɨɜɵɲɟɧɢɸ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɫɬɢ ɬɢɬɚɧɨɜɨɝɨ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɩɥɚɜɚ TТ2AХσЛ ɩɭɬɟɦ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɹ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɛɚɪɶɟɪɧɨɝɨ ɢ ɜɧɟɲɧɟɝɨ ɫɥɨɟɜ, 
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɦɵɲɥɟɧɧɨɣ ɜɚɤɭɭɦɧɨ-ɩɥɚɡɦɟɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɆȺɉ-3 [16]. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 17. «Ʉɨɦ-
ɩɥɟɤɫɧɚɹ ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɚɹ ɡɚɳɢɬɚ, ɭɩɪɨɱɧɹɸɳɢɟ, ɢɡɧɨɫɨɫɬɨɣɤɢɟ ɡɚɳɢɬɧɵɟ ɢ ɬɟɩɥɨɡɚ-
ɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ» ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 17.γ. «Ɇɧɨɝɨɫɥɨɣɧɵɟ ɠɚɪɨɫɬɨɣɤɢɟ 
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ɢ ɬɟɩɥɨɡɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ, ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɟ ɭɩɪɨɱɧɹɸɳɢɟ ɷɪɨɡɢɨɧɧɵɟ ɢ ɤɨɪɪɨɡɢɨɧ-
ɧɨɫɬɨɣɤɢɟ, ɢɡɧɨɫɨɫɬɨɣɤɢɟ, ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɵɟ ɩɨɤɪɵɬɢɹ ɞɥɹ ɡɚɳɢɬɵ ɞɟɬɚɥɟɣ ɝɨɪɹɱɟɝɨ 
ɬɪɚɤɬɚ ɢ ɤɨɦɩɪɟɫɫɨɪɚ ȽɌȾ ɢ ȽɌɍ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ 
ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ») [17]. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

ɋɥɨɢɫɬɨɟ ɩɨɤɪɵɬɢɟ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɪɟɫɭɪɫɚ ɪɚɛɨɬɵ ɡɚɦɤɨɜ ɥɨɩɚɬɨɤ ɤɨɦɩɪɟɫɫɨɪɚ 
ɢ ɡɚɳɢɬɵ ɨɬ ɮɪɟɬɬɢɧɝ-ɤɨɪɪɨɡɢɢ ɫɮɨɪɦɢɪɨɜɚɧɨ ɧɚ ɭɫɬɚɧɨɜɤɟ ɆȺɉ-γ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɫ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɦ ɤɨɧɬɪɨɥɟɦ ɜɫɟɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬ-
ɪɨɜ ɧɚɧɟɫɟɧɢɹ. Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɣ 
ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɜɚɪɶɢɪɨɜɚɧɢɹ ɬɨɥɳɢɧɵ ɢ ɬɜɟɪɞɨɫɬɢ ɫɥɨɟɜ (ɩɪɢ ɩɨɦɨɳɢ ɪɟɝɭɥɹɰɢɢ ɩɨ-
ɞɚɱɢ ɪɟɚɤɬɢɜɧɨɝɨ ɝɚɡɚ), ɫɨɯɪɚɧɹɹ ɩɪɢ ɷɬɨɦ ɩɨɱɬɢ 99%-ɸ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶ ɩɨ ɡɚɞɚɧ-
ɧɵɦ ɫɜɨɣɫɬɜɚɦ. 

ɇɚ ɨɛɪɚɡɰɵ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɩɥɚɜɚ TТ2AХσЛ ɧɚɧɨɫɢɥɢ ɦɧɨɝɨ-
ɫɥɨɣɧɨɟ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɟ ɩɨɤɪɵɬɢɟ. Ȼɚɪɶɟɪɧɵɣ ɫɥɨɣ ɫɨɫɬɨɢɬ ɢɡ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɧɢɬ-
ɪɢɞɚ ɬɢɬɚɧɚ, ɤɨɬɨɪɵɣ ɫɨɡɞɚɟɬ ɛɚɪɶɟɪ ɞɥɹ ɞɢɮɮɭɡɢɢ ɦɚɬɟɪɢɚɥɨɜ ɩɨɤɪɵɬɢɹ ɜɝɥɭɛɶ  
ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ, ɚ ɢɦɟɧɧɨ ɫɩɥɚɜɚ TТ2AХσЛ. ȼɧɟɲɧɢɣ ɫɥɨɣ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɝɨ  
ɩɨɤɪɵɬɢɹ ɩɪɟɞɨɯɪɚɧɹɟɬ ɩɨɜɟɪɯɧɨɫɬɶ ɢɡ ɫɩɥɚɜɚ TТ2AХσЛ ɨɬ ɮɪɟɬɬɢɧɝɨɩɨɜɪɟɠɞɚɟɦɨɫɬɢ, 
ɩɪɟɞɫɬɚɜɥɹɹ ɫɨɛɨɣ ɠɚɪɨ- ɢ ɢɡɧɨɫɨɫɬɨɣɤɭɸ ɦɚɬɪɢɰɭ ɫ ɧɢɬɪɢɞɧɵɦ ɭɩɪɨɱɧɟɧɢɟɦ ɢɡ ɧɢɤɟ-
ɥɟɜɨɝɨ ɫɩɥɚɜɚ ɬɢɩɚ ɧɢɯɪɨɦ. 

ɂɫɩɵɬɚɧɢɹ ɧɚ ɮɪɟɬɬɢɧɝɨɩɨɜɪɟɠɞɚɟɦɨɫɬɶ ɩɪɨɜɨɞɢɥɢ ɧɚ ɫɩɟɰɢɚɥɶɧɨ ɩɨɞɝɨɬɨɜ-
ɥɟɧɧɵɯ ɨɛɪɚɡɰɚɯ ɜ ɜɢɞɟ ɩɥɚɫɬɢɧ ɪɚɡɦɟɪɨɦ βη×4γ×10 ɦɦ ɢɡ ɫɩɥɚɜɚ TТ2AХσЛ ɫ ɧɚɧɟɫɟɧ-
ɧɵɦ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɢɦ ɩɨɤɪɵɬɢɟɦ ɢ ɛɟɡ ɧɟɝɨ. ȼ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɬɟɥɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɛ-
ɪɚɡɰɵ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɨɝɨ ɫɜɚɪɢɜɚɟɦɨɝɨ ɞɢɫɩɟɪɫɧɨɬɜɟɪɞɟɸɳɟɝɨ ɫɩɥɚɜɚ ȼɀ17β ɜ ɜɢɞɟ 
ɩɚɥɶɰɚ ɫ ɨɤɨɧɱɚɧɢɟɦ ɭ ɨɫɧɨɜɚɧɢɹ ɜ ɮɨɪɦɟ ɩɨɥɭɫɮɟɪɵ ɢ ɪɚɞɢɭɫɨɦ 1,η ɦɦ. 

ȼɵɛɪɚɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɠɢɦɵ ɢɫɩɵɬɚɧɢɹ: ɩɟɪɟɦɟɳɟɧɢɟ ɨɛɪɚɡɰɚ γ00 ɦɤɦ, ɬɟɦɩɟ-
ɪɚɬɭɪɧɵɟ ɭɫɥɨɜɢɹ β0 ɢ 700 °ɋ, ɞɚɜɥɟɧɢɟ γ ɇ, ɱɚɫɬɨɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɟɪɟɦɟɳɟɧɢɹ 
13 Ƚɰ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɫɩɵɬɚɧɢɹ 105 ɰɢɤɥɨɜ, ɢɥɢ 1β8 ɦɢɧ. 

ɂɫɩɵɬɚɧɢɹ ɧɚ ɫɬɨɣɤɨɫɬɶ ɤ ɧɚɫɵɳɟɧɢɸ ɤɢɫɥɨɪɨɞɨɦ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɨɛɪɚɡ-
ɰɨɜ ɢɡ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɩɥɚɜɚ TТ2AХσЛ ɫ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɢɦ ɩɨɤɪɵɬɢɟɦ ɩɪɢ ɬɟɦɩɟɪɚ-
ɬɭɪɟ 700 °ɋ ɧɚ ɛɚɡɟ β00 ɱ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɩɥɚɜɚ ɛɟɡ ɩɨɤɪɵɬɢɹ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɦɭɮɟɥɶ-
ɧɨɣ ɚɬɦɨɫɮɟɪɧɨɣ ɩɟɱɢ δE 14/11 ɮɢɪɦɵ σɚЛОrСЭОrЦ ɫɨɝɥɚɫɧɨ ȽɈɋɌ θ1γ0–71. ȼ ɤɚɱɟɫɬɜɟ 
ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɪɭɝɢ ɞɢɚɦɟɬɪɨɦ 1η ɦɦ ɢ ɬɨɥɳɢɧɨɣ γ,η ɦɦ ɢɡ  
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɩɥɚɜɚ TТ2AlNb. 

Ⱥɧɚɥɢɡ ɮɪɟɬɬɢɧɝɨɩɨɜɪɟɠɞɚɟɦɨɫɬɢ ɩɨ ɜɧɟɲɧɟɦɭ ɜɢɞɭ ɦɨɪɮɨɥɨɝɢɢ ɦɟɫɬ ɤɨɧɬɚɤ-
ɬɨɜ ɨɛɪɚɡɰɨɜ ɢ ɤɨɧɬɪɬɟɥ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɧɜɟɪɬɢɪɭɟɦɨɝɨ ɨɩɬɢɱɟɫɤɨɝɨ 
ɦɢɤɪɨɫɤɨɩɚ τХyЦЩЮs GБ η1 ɫ ɫɢɫɬɟɦɨɣ ɚɧɚɥɢɡɚ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ×β00. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɨɛɪɚɡɰɚɯ ɢɡ ɞɟ-
ɮɨɪɦɢɪɭɟɦɨɝɨ ɫɩɥɚɜɚ TТ2AХσЛ ɜ ɞɜɭɯ ɫɨɫɬɨɹɧɢɹɯ (ɩɨɫɥɟ ɧɚɧɟɫɟɧɢɹ ɢ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ 
ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɜ ɭɫɥɨɜɢɹɯ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ (700 °ɋ) ɧɚ ɛɚɡɟ 
200 ɱ) ɜɵɩɨɥɧɹɥɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɢɮɪɚɤɬɨɦɟɬɪɚ EЦЩвrОКЧ ɜ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɨɦ 
Cu Kα-ɢɡɥɭɱɟɧɢɢ (λ=0,1η418 ɧɦ) ɜ ɞɢɚɩɚɡɨɧɟ ɭɝɥɨɜ βș=β0–1β0 ɝɪɚɞɭɫɨɜ ɫ ɲɚɝɨɦ 
Δβș=0,01θ ɝɪɚɞɭɫɚ ɢ ɜɵɞɟɪɠɤɨɣ η0 ɫ. Ɋɚɫɲɢɮɪɨɜɤɭ ɞɢɮɪɚɤɬɨɝɪɚɦɦ ɩɪɨɜɨɞɢɥɢ М ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ HТРСSМШrО ɢ ɛɚɡɵ ɞɚɧɧɵɯ PDF-2. 

Ʌɨɤɚɥɶɧɵɣ ɷɥɟɦɟɧɬɧɵɣ ɚɧɚɥɢɡ ɨɛɪɚɡɰɨɜ ɢɡ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɩɥɚɜɚ TТ2AХσЛ ɫ 
ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɢɦ ɩɨɤɪɵɬɢɟɦ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɫɥɟ ɧɚɧɟɫɟɧɢɹ ɢ ɩɨɫɥɟ ɩɪɨɜɟɞɟ-
ɧɢɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɜ ɭɫɥɨɜɢɹɯ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ (700 °ɋ) ɧɚ ɛɚɡɟ 
β00 ɱ ɨɫɭɳɟɫɬɜɥɹɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɢɤɪɨɫɤɨɩɚ JSε-θ490 δV ɮɢɪɦɵ Jeol (əɩɨɧɢɹ)  
М ɩɪɢɫɬɚɜɤɨɣ ɞɥɹ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɦɢɤɪɨɚɧɚɥɢɡɚ IσCA б-sТРСЭ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ  
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ɫ ȽɈɋɌ Ɋ ɂɋɈ ββγ09–β01η. Ʉɨɧɬɪɚɫɬ ɢɡɨɛɪɚɠɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɜ ɨɬɪɚɠɟɧɧɵɯ ɷɥɟɤɬɪɨ-
ɧɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɪɟɞɧɢɦ ɚɬɨɦɧɵɦ ɧɨɦɟɪɨɦ ɮɚɡɵ: ɱɟɦ ɜɵɲɟ ɚɬɨɦɧɵɣ ɧɨɦɟɪ, ɬɟɦ 
ɫɜɟɬɥɟɟ ɞɚɧɧɵɣ ɭɱɚɫɬɨɤ. Ⱥɧɚɥɢɡ ɢ ɨɛɪɚɛɨɬɤɭ ɞɚɧɧɵɯ ɜɵɩɨɥɧɹɥɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ  
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ AГЭОМ β.γ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɂɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɜɟɞɟɧɧɵɟ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɎȽɍɉ «ȼɂȺɆ», ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɥɨɢɫɬɨɝɨ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɝɨ ɩɨɤɪɵɬɢɹ ɞɥɹ ɡɚɳɢɬɵ ɨɛɪɚɡ-
ɰɨɜ ɢɡ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɩɥɚɜɚ TТ2AХσЛ ɨɬ ɢɡɧɚɲɢɜɚɧɢɹ ɩɪɢ ɮɪɟɬɬɢɧɝɟ ɢ ɞɥɹ ɩɨɜɵɲɟɧɢɹ 
ɫɬɨɣɤɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɨɤɢɫɥɟɧɢɸ ɩɪɢ ɪɚɛɨɱɟɦ ɪɟɠɢɦɟ ɷɤɫɩɥɭ-
ɚɬɚɰɢɢ. ɉɪɟɞɥɨɠɟɧɚ ɤɨɧɫɬɪɭɤɰɢɹ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɝɨ ɩɨɤɪɵɬɢɹ, ɜɤɥɸɱɚɸɳɚɹ ɩɪɨɦɟɠɭ-
ɬɨɱɧɵɣ ɢ ɜɧɟɲɧɢɣ ɫɥɨɢ, ɩɨɥɭɱɚɟɦɵɟ ɜɚɤɭɭɦɧɨ-ɩɥɚɡɦɟɧɧɵɦ ɦɟɬɨɞɨɦ ɧɚɧɟɫɟɧɢɹ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɮɪɟɬɬɢɧɝɨɩɨɜɪɟɠɞɚɟɦɨɫɬɢ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɩɥɚɜɚ TТ2AlNb  
ɫ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɵɦ ɫɥɨɢɫɬɵɦ ɩɨɤɪɵɬɢɟɦ ɢ ɛɟɡ ɧɟɝɨ ɜ ɩɚɪɟ ɫ ɤɨɧɬɪɬɟɥɨɦ ɢɡ ɜɵɫɨɤɨ-
ɩɪɨɱɧɨɝɨ ɫɜɚɪɢɜɚɟɦɨɝɨ ɞɢɫɩɟɪɫɧɨɬɜɟɪɞɟɸɳɟɝɨ ɫɩɥɚɜɚ ȼɀ17β ɩɪɨɜɟɞɟɧɵ ɬɪɢɛɨɥɨɝɢɱɟ-
ɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɢ ɭɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɩɨɤɪɵɬɢɹ ɧɚ ɨɛɳɢɣ ɢɡɧɨɫ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ. 

Ɋɟɡɭɥɶɬɚɬɵ ɜɥɢɹɧɢɹ ɩɨɤɪɵɬɢɹ ɧɚ ɨɛɳɢɣ ɢɡɧɨɫ ɨɛɪɚɡɰɨɜ ɢɡ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ 
ɫɩɥɚɜɚ Ti2AlNb ɫ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɵɦ ɩɨɤɪɵɬɢɟɦ ɢ ɛɟɡ ɧɟɝɨ ɜ ɩɚɪɟ ɫ ɤɨɧɬɪɬɟɥɨɦ  
ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɨɝɨ ɫɜɚɪɢɜɚɟɦɨɝɨ ɞɢɫɩɟɪɫɧɨɬɜɟɪɞɟɸɳɟɝɨ ɫɩɥɚɜɚ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɧɚ 
ɮɪɟɬɬɢɧɝɨɩɨɜɪɟɠɞɚɟɦɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1, ɚ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɛɳɢɣ ɢɡɧɨɫ ɨɛɪɚɡɰɨɜ ɢɡ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɩɥɚɜɚ TТ2AlNb c 
ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɢɦ ɩɨɤɪɵɬɢɟɦ ɜ ɩɚɪɟ ɫ ɤɨɧɬɪɬɟɥɨɦ ɢɡ ɫɩɥɚɜɚ ȼɀ17β ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ 
ɧɚ ɮɪɟɬɬɢɧɝɨɩɨɜɪɟɠɞɚɟɦɨɫɬɶ ɫɧɢɠɚɟɬɫɹ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɪɚɡɰɚɦɢ ɛɟɡ ɩɨɤɪɵɬɢɹ, ɢ 
ɫɨɫɬɚɜɥɹɟɬ 10 ɦɤɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0 °ɋ ɢ γ0 ɦɤɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 700 °ɋ, ɚ ɨɛɳɢɣ 
ɢɡɧɨɫ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ TТ2AХσЛ ɛɟɡ ɩɨɤɪɵɬɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ γ0 ɢ 40 ɦɤɦ. 

Ɋɟɡɭɥɶɬɚɬɵ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ 
ɫɩɥɚɜɚ Ti2AlNb ɫ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɵɦ ɩɨɤɪɵɬɢɟɦ ɢ ɛɟɡ ɧɟɝɨ ɜ ɩɚɪɟ ɫ ɤɨɧɬɪɬɟɥɨɦ ɢɡ  
ɜɵɫɨɤɨɩɪɨɱɧɨɝɨ ɫɜɚɪɢɜɚɟɦɨɝɨ ɞɢɫɩɟɪɫɧɨɬɜɟɪɞɟɸɳɟɝɨ ɫɩɥɚɜɚ ȼɀ17β ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ 
ɧɚ ɮɪɟɬɬɢɧɝɨɩɨɜɪɟɠɞɚɟɦɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1, ɛ. 
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Ɋɢɫ. 1. Ɋɟɡɭɥɶɬɚɬɵ ɜɥɢɹɧɢɹ ɩɨɤɪɵɬɢɹ ɧɚ ɨɛɳɢɣ ɢɡɧɨɫ (ɚ) ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ (ɛ) ɨɛɪɚɡɰɨɜ 

ɢɡ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ Ti2AlNb ɫ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɵɦ ɩɨɤɪɵɬɢɟɦ (■) ɢ ɛɟɡ ɧɟɝɨ (■) ɜ ɩɚɪɟ 
ɫ ɤɨɧɬɪɬɟɥɨɦ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɨɝɨ ɫɜɚɪɢɜɚɟɦɨɝɨ ɞɢɫɩɟɪɫɢɨɧɧɨ-ɬɜɟɪɞɟɸɳɟɝɨ ɫɩɥɚɜɚ ɩɪɢ ɢɫɩɵ-
ɬɚɧɢɹɯ ɧɚ ɮɪɟɬɬɢɧɝɨɩɨɜɪɟɠɞɚɟɦɨɫɬɶ 

 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɩɥɚɜɚ 

Ti2AХσЛ ɫ ɩɨɤɪɵɬɢɟɦ ɢ ɛɟɡ ɧɟɝɨ ɜ ɩɚɪɟ ɫ ɤɨɧɬɪɬɟɥɨɦ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɨɝɨ ɫɜɚɪɢɜɚɟɦɨɝɨ 
ɞɢɫɩɟɪɫɧɨɬɜɟɪɞɟɸɳɟɝɨ ɫɩɥɚɜɚ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɮɪɟɬɬɢɧɝɨɩɨɜɪɟɠɞɚɟɦɨɫɬɶ ɫɨɫɬɚɜɢɥ 
0,4β ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0 °ɋ, ɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 700 °ɋ: 0,β9 ɞɥɹ ɫɩɥɚɜɚ ɛɟɡ ɩɨɤɪɵɬɢɹ  
ɢ 0,γ1 – ɫ ɩɨɤɪɵɬɢɟɦ. 



ǵащȖȠțȩе Ȗ ȢȡțȘцȖȜțаșȪțȩе ȝȜȘȞȩȠȖя  

 

 

66                                                                                             ȀǾȁДЫ  ВǶАǺ  №2 (96) 2021    

 

ȼɧɟɲɧɢɣ ɜɢɞ ɦɨɪɮɨɥɨɝɢɢ ɦɟɫɬ ɤɨɧɬɚɤɬɨɜ ɨɛɪɚɡɰɨɜ ɢɡ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ  
ɫɩɥɚɜɚ Ti2AlNb ɫ ɩɨɤɪɵɬɢɟɦ ɢ ɛɟɡ ɧɟɝɨ ɜ ɩɚɪɟ ɫ ɤɨɧɬɪɬɟɥɨɦ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɨɝɨ ɫɜɚɪɢ-
ɜɚɟɦɨɝɨ ɞɢɫɩɟɪɫɧɨɬɜɟɪɞɟɸɳɟɝɨ ɫɩɥɚɜɚ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɮɪɟɬɬɢɧɝɨɩɨɜɪɟɠɞɚɟɦɨɫɬɶ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ β0 ɢ 700 °ɋ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. β. 

 

ɛ)ɚ)

ɝ)ɜ)

 
Ɋɢɫ. β. ȼɧɟɲɧɢɣ ɜɢɞ ɦɨɪɮɨɥɨɝɢɢ ɦɟɫɬ ɤɨɧɬɚɤɬɨɜ ɨɛɪɚɡɰɨɜ ɢɡ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ 

Ti2AlNb ɫ ɩɨɤɪɵɬɢɟɦ (ɜ) ɢ ɛɟɡ ɧɟɝɨ (ɚ) ɜ ɩɚɪɟ ɫ ɤɨɧɬɪɬɟɥɨɦ (ɛ, ɝ) ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɨɝɨ ɫɜɚɪɢɜɚɟ-
ɦɨɝɨ ɞɢɫɩɟɪɫɧɨɬɜɟɪɞɟɸɳɟɝɨ ɫɩɥɚɜɚ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɮɪɟɬɬɢɧɝɨɩɨɜɪɟɠɞɚɟɦɨɫɬɶ ɩɪɢ ɬɟɦɩɟ-
ɪɚɬɭɪɚɯ β0 (ɚ, ɛ) ɢ 700 °ɋ (ɜ, ɝ) 

 
Ⱥɧɚɥɢɡ ɦɨɪɮɨɥɨɝɢɢ ɦɟɫɬ ɤɨɧɬɚɤɬɚ ɨɛɪɚɡɰɚ ɢɡ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɩɥɚɜɚ TТ2AХσЛ ɫ 

ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɢɦ ɩɨɤɪɵɬɢɟɦ ɢ ɛɟɡ ɧɟɝɨ, ɚ ɬɚɤɠɟ ɜ ɩɚɪɟ ɫ ɤɨɧɬɪɬɟɥɨɦ ɢɡ ɜɵɫɨɤɨɩɪɨɱ-
ɧɨɝɨ ɫɜɚɪɢɜɚɟɦɨɝɨ ɞɢɫɩɟɪɫɧɨɬɜɟɪɞɟɸɳɟɝɨ ɫɩɥɚɜɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɹɬɧɨ ɤɨɧɬɚɤɬɚ ɨɬ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚ ɨɛɪɚɡɰɟ ɫ ɩɨɤɪɵɬɢɟɦ ɢ ɤɨɧɬɪɬɟɥɟ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɮɪɟɬɬɢɧɝɨ-
ɩɨɜɪɟɠɞɚɟɦɨɫɬɶ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɫɥɟ ɢɫ-
ɩɵɬɚɧɢɣ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɨɣɤɨɫɬɢ ɫɢɫɬɟɦɵ «ɫɩɥɚɜ–ɩɨɤɪɵɬɢɟ» ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɜɵɫɨ-
ɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɨɫɭɳɟɫɬɜɥɟɧɵ ɢɫɩɵɬɚɧɢɹ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɨɛɪɚɡɰɨɜ  
ɢɡ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɩɥɚɜɚ TТ2AХσЛ ɫ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɢɦ ɩɨɤɪɵɬɢɟɦ ɢ ɛɟɡ ɧɟɝɨ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 700 °ɋ ɧɚ ɛɚɡɟ β00 ɱ. 

Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɭɞɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɦɚɫɫɵ ɨɛɪɚɡɰɨɜ ɢɡ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨ-
ɝɨ ɫɩɥɚɜɚ Ti2AlNb ɫ ɩɨɤɪɵɬɢɟɦ ɢ ɛɟɡ ɧɟɝɨ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɩɪɢ ɬɟɦ-
ɩɟɪɚɬɭɪɟ 700 °ɋ ɧɚ ɛɚɡɟ β00 ɱ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɢɫɩɵɬɚɧɢɹ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. γ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɤɪɵɬɢɟ ɡɚɳɢɳɚɟɬ ɞɟɮɨɪɦɢɪɭɟɦɵɣ ɫɩɥɚɜ TТ2AХσЛ ɨɬ ɜɵɫɨ-
ɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɨɤɢɫɥɟɧɢɹ. ɂɡɦɟɧɟɧɢɟ ɦɚɫɫɵ ɨɛɪɚɡɰɨɜ ɢɡ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɩɥɚɜɚ ɫ 
ɩɨɤɪɵɬɢɟɦ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 700 °ɋ ɧɚ ɛɚɡɟ β00 ɱ 
ɫɨɫɬɚɜɢɥɨ γ,78 ɝ/ɦ2, ɚ ɛɟɡ ɩɨɤɪɵɬɢɹ θ,ββ ɝ/ɦ2. 

ɉɪɨɜɟɞɟɧ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɨɛɪɚɡɰɨɜ ɢɡ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ 
Ti2AlNb ɫ ɩɨɤɪɵɬɢɟɦ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɫɥɟ ɧɚɧɟɫɟɧɢɹ ɢ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚ-
ɪɨɫɬɨɣɤɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 700 °ɋ ɧɚ ɛɚɡɟ β00 ɱ. Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɵ ɢ ɲɬɪɢɯ-
ɪɟɧɬɝɟɧɨɝɪɚɦɦɵ ɬɚɤɢɯ ɨɛɪɚɡɰɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 4. 
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ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɫɩɵɬɚɧɢɣ , ɱ  
Ɋɢɫ. γ. Ɂɚɜɢɫɢɦɨɫɬɶ ɭɞɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɦɚɫɫɵ ɨɛɪɚɡɰɨɜ ɢɡ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ 

Ti2AlNb ɫ ɩɨɤɪɵɬɢɟɦ (■) ɢ ɛɟɡ ɧɟɝɨ (■) ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
700 °ɋ ɧɚ ɛɚɡɟ β00 ɱ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɢɫɩɵɬɚɧɢɹ 
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Ɋɢɫ. 4. Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɚ ɢ ɲɬɪɢɯ-ɪɟɧɬɝɟɧɨɝɪɚɦɦɚ ɨɛɪɚɡɰɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ 

Ti2AlNb ɫ ɩɨɤɪɵɬɢɟɦ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɫɥɟ ɧɚɧɟɫɟɧɢɹ (ɚ) ɢ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ 
ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ (ɛ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 700 °ɋ ɧɚ ɛɚɡɟ β00 ɱ 

 
ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɨɛɪɚɡɰɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ Ti2AlNb ɫ 

ɩɨɤɪɵɬɢɟɦ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɨɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɮɚɡɵ: ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ ɧɚ ɨɫɧɨ-
ɜɟ ɧɢɤɟɥɹ (ɨɫɧɨɜɚ), ɧɢɬɪɢɞ ɬɢɬɚɧɚ ɢ, ɜɟɪɨɹɬɧɨ, ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ ɧɚ ɨɫɧɨɜɟ ɮɚɡɵ Cr2Ti. 

Ʉɪɨɦɟ ɬɨɝɨ, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɩɨɞɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɜɵɩɨɥɧɟɧ-
ɧɵɯ ɢɫɩɵɬɚɧɢɣ ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɜɵɹɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɮɚɡɵ: ɬɜɟɪɞɵɣ ɪɚɫ-
ɬɜɨɪ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ (ɨɫɧɨɜɚ), ɨɤɫɢɞ ɯɪɨɦɚ III, ɚ ɬɚɤɠɟ ɧɢɬɪɢɞɵ ɬɢɬɚɧɚ ɢ ɷɥɟɦɟɧɬɵ ɬɢɬɚ-
ɧɚ. ȼ ɩɪɨɰɟɫɫɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɵɞɟɪɠɢɜɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɨɤɫɢɞɚ 
ɯɪɨɦɚ, ɡɚɳɢɬɧɚɹ ɩɥɟɧɤɚ ɤɨɬɨɪɨɝɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɞɚɥɶɧɟɣɲɟɦɭ ɨɤɢɫɥɟɧɢɸ ɨɛɪɚɡɰɚ, ɱɬɨ ɩɨɞ-
ɬɜɟɪɠɞɚɟɬɫɹ ɡɧɚɱɟɧɢɹɦɢ ɭɞɟɥɶɧɵɯ ɩɪɢɜɟɫɨɜ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɡɚɳɢɬɧɨɝɨ ɷɮɮɟɤɬɚ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɢɫɫɥɟ-
ɞɨɜɚɧ ɦɟɫɬɧɵɣ ɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɩɨɤɪɵɬɢɹ ɧɚ ɞɟɮɨɪɦɢɪɭɟɦɨɦ ɫɩɥɚɜɟ TТ2AХσЛ ɜ ɢɫ-
ɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
700 °ɋ ɧɚ ɛɚɡɟ β00 ɱ. ɂɡɨɛɪɚɠɟɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ Ti2AlNb 
ɫ ɩɨɤɪɵɬɢɟɦ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɫɥɟ ɧɚɧɟɫɟɧɢɹ ɢ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɧɚ 
ɠɚɪɨɫɬɨɣɤɨɫɬɶ, ɩɨɥɭɱɟɧɧɨɟ ɜ ɪɟɠɢɦɟ ɨɬɪɚɠɟɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. η, 
ɚ ɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɨɛɪɚɡɰɨɜ – ɜ ɬɚɛɥ. 1 ɢ β.  
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Ɋɢɫ. η. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (×10000) ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ Ti2AlNb ɫ ɩɨɤɪɵɬɢɟɦ ɜ ɢɫɯɨɞ-

ɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɫɥɟ ɧɚɧɟɫɟɧɢɹ (ɚ) ɢ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ (ɛ) ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 700 °ɋ ɧɚ ɛɚɡɟ β00 ɱ 

 

Ɍɚɛɥɢɰɚ 1 
Ʌɨɤɚɥɶɧɵɣ ɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɨɛɪɚɡɰɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ Ti2AlNb  

ɫ ɩɨɤɪɵɬɢɟɦ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɫɥɟ ɧɚɧɟɫɟɧɢɹ 

Ɇɟɫɬɨ ɚɧɚɥɢɡɚ ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ) 
N Al Ti Cr Ni Zr Nb Ta W 

Ɂɨɧɚ 1 0,7 ɇ/ɨ* 7,1 23,2 69,0 ɇ/ɨ ɇ/ɨ ɇ/ɨ ɇ/ɨ 
Ɂɨɧɚ 2 11,9 0,6 85,0 0,4 0,7 ɇ/ɨ 1,6 ɇ/ɨ ɇ/ɨ 
Ɉɫɧɨɜɧɨɣ ɦɚɬɟɪɢɚɥ (0 ɦɤɦ) ɇ/ɨ 10,1 43,4 ɇ/ɨ 0,3 2,7 42,2 0,8 0,6 
Ɉɫɧɨɜɧɨɣ ɦɚɬɟɪɢɚɥ (+10 ɦɤɦ) ɇ/ɨ 10,3 45,7 0,1 0,3 2,5 39,6 0,8 0,5 
Ɉɫɧɨɜɧɨɣ ɦɚɬɟɪɢɚɥ (+β0 ɦɤɦ) ɇ/ɨ 10,4 44,7 ɇ/ɨ 0,2 2,4 40,8 0,9 0,6 
Ɉɫɧɨɜɧɨɣ ɦɚɬɟɪɢɚɥ ɜ ɰɟɧɬɪɟ ɨɛɪɚɡɰɚ ɇ/ɨ 10,4 44,9 ɇ/ɨ ɇ/ɨ 2,2 40,7 1,1 0,8 
Ɍɨɱɤɚ 1 ɇ/ɨ 13,2 57,2 ɇ/ɨ ɇ/ɨ 2,2 26,6 0,6 0,3 
*ɇ/ɨ – ɧɟ ɨɛɧɚɪɭɠɟɧɨ. 

 
Ɍɚɛɥɢɰɚ 2 

Ʌɨɤɚɥɶɧɵɣ ɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɨɛɪɚɡɰɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ Ti2AlNb   
ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 700 °ɋ ɧɚ ɛɚɡɟ 200 ɱ 

Ɇɟɫɬɨ ɚɧɚɥɢɡɚ 
ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ) 

O Al Ti Cr Ni Zr Nb Ta W 
Ɍɨɱɤɚ 1 29,1 2,2 4,3 36,0 28,4 ɇ/ɨ* ɇ/ɨ ɇ/ɨ ɇ/ɨ 
Ɍɨɱɤɚ β ɇ/ɨ 2,3 6,1 16,4 74,4 ɇ/ɨ ɇ/ɨ 0,4 0,5 
Ɍɨɱɤɚ γ ɇ/ɨ 1,5 90,8 1,2 4,3 ɇ/ɨ 2,2 ɇ/ɨ ɇ/ɨ 
Ɍɨɱɤɚ 4 ɇ/ɨ 1,8 92,8 0,4 1,6 ɇ/ɨ 3,5 ɇ/ɨ ɇ/ɨ 
Ɂɨɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ  ɇ/ɨ 8,9 56,1 0,1 0,7 2,6 31,0 0,5 0,3 
Ɉɫɧɨɜɧɨɣ ɦɚɬɟɪɢɚɥ (0 ɦɤɦ) ɇ/ɨ 10,8 42,6 ɇ/ɨ 0,4 2,2 42,4 1,1 0,5 
Ɉɫɧɨɜɧɨɣ ɦɚɬɟɪɢɚɥ (+10 ɦɤɦ) ɇ/ɨ 10,5 42,2 ɇ/ɨ 0,2 3,2 42,3 1,1 0,6 
Ɉɫɧɨɜɧɨɣ ɦɚɬɟɪɢɚɥ ɜ ɰɟɧɬɪɟ ɨɛɪɚɡɰɚ  ɇ/ɨ 10,6 42,2 ɇ/ɨ 0,0 3,4 42,2 0,9 0,7 
Ɍɨɱɤɚ 5 ɇ/ɨ 13,0 53,9 0,1 0,2 3,4 28,8 0,6 ɇ/ɨ 
Ɍɨɱɤɚ 6 ɇ/ɨ 9,5 41,7 ɇ/ɨ ɇ/ɨ 2,9 43,9 1,1 0,9 
*ɇ/ɨ – ɧɟ ɨɛɧɚɪɭɠɟɧɨ. 

 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɫɨɫɬɚɜ ɡɨɧɵ 1 ɩɨɤɪɵɬɢɹ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɫɥɟ ɧɚɧɟɫɟɧɢɹ 
(ɪɢɫ. η, ɚ) ɜɯɨɞɹɬ ɧɢɤɟɥɶ, ɯɪɨɦ ɢ ɬɢɬɚɧ. Ɂɨɧɚ 2 ɫɨɞɟɪɠɢɬ ɬɢɬɚɧ ɢ ɜ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ 
ɚɡɨɬ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɨɧɫɬɪɭɤɰɢɢ ɛɚɪɶɟɪɧɨɝɨ ɫɥɨɹ. ȼ ɡɨɧɟ, ɩɪɢɥɟɝɚɸɳɟɣ ɤ ɩɨɤɪɵ-
ɬɢɸ, ɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɫɧɨɜɧɨɦɭ ɦɚɬɟɪɢɚɥɭ, ɜ ɤɨɬɨɪɨɦ ɢɦɟɸɬɫɹ ɮɚɡɵ, 
ɨɛɨɝɚɳɟɧɧɵɟ ɚɥɸɦɢɧɢɟɦ ɢ ɬɢɬɚɧɨɦ (ɬɨɱɤɚ 1 ɧɚ ɪɢɫ. γ). 

ɍɫɬɚɧɨɜɥɟɧɨ ɬɚɤɠɟ, ɱɬɨ ɜɟɪɯɧɢɣ ɫɥɨɣ ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚ-
ɪɨɫɬɨɣɤɨɫɬɶ (ɪɢɫ. η, ɛ) ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɥɢɱɢɟɦ ɤɢɫɥɨɪɨɞɚ ɢ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨɤɪɵ-
ɬɢɹ – ɯɪɨɦɚ ɢ ɧɢɤɟɥɹ. ɉɨɞ ɜɟɪɯɧɢɦ ɫɥɨɟɦ ɧɚɛɥɸɞɚɟɬɫɹ ɫɥɨɣ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ ɢ ɯɪɨɦɚ. 
ɋɥɟɞɭɸɳɢɣ ɫɥɨɣ ɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ (ɬɨɱɤɢ γ ɢ 4) ɫɨɞɟɪɠɢɬ ɜ ɨɫɧɨɜɧɨɦ ɬɢɬɚɧ ɢ ɚɡɨɬ. 



ǵащȖȠțȩе Ȗ ȢȡțȘцȖȜțаșȪțȩе ȝȜȘȞȩȠȖя  

 

 

ȀǾȁДЫ  ВǶАǺ  №2 (96)  2021                                                                                                                         69 

 

ȼ ɡɨɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɫɨɞɟɪ-
ɠɚɧɢɹ ɚɥɸɦɢɧɢɹ ɢ ɧɢɨɛɢɹ, ɚ ɬɚɤɠɟ ɨɛɧɚɪɭɠɟɧɵ ɷɥɟɦɟɧɬɵ, ɩɪɢɫɭɳɢɟ ɫɨɫɬɚɜɭ ɨɫɧɨɜɧɨ-
ɝɨ ɦɚɬɟɪɢɚɥɚ, – ɰɢɪɤɨɧɢɣ, ɬɚɧɬɚɥ ɢ ɜɨɥɶɮɪɚɦ. Ɉɞɧɚɤɨ ɜ ɡɨɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɟ ɨɛɧɚ-
ɪɭɠɟɧɨ ɧɢɤɟɥɹ ɢ ɯɪɨɦɚ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɜɟɪɯɧɟɦ ɫɥɨɟ ɩɨɤɪɵɬɢɹ, ɬɟɦ ɫɚɦɵɦ ɛɚɪɶɟɪɧɵɣ 
ɫɥɨɣ ɧɚ ɨɫɧɨɜɟ ɧɢɬɪɢɞɚ ɬɢɬɚɧɚ ɜɵɩɨɥɧɹɟɬ ɜɨɡɥɨɠɟɧɧɭɸ ɮɭɧɤɰɢɸ. 

Ɇɚɬɟɪɢɚɥ ɜ ɡɨɧɟ 10 ɦɤɦ ɨɬ ɩɨɤɪɵɬɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɫɧɨɜɧɨɦɭ ɦɚɬɟɪɢɚɥɭ. ȼ ɨɫ-
ɧɨɜɧɨɦ ɦɚɬɟɪɢɚɥɟ ɧɚɛɥɸɞɚɸɬɫɹ ɮɚɡɵ ɞɜɭɯ ɬɢɩɨɜ – ɨɛɨɝɚɳɟɧɧɵɟ ɚɥɸɦɢɧɢɟɦ ɢ ɬɢɬɚɧɨɦ 
(ɬɨɱɤɚ η ɧɚ ɪɢɫ. η, ɛ), ɚ ɬɚɤɠɟ ɨɛɨɝɚɳɟɧɧɵɟ ɧɢɨɛɢɟɦ ɢ ɜɨɥɶɮɪɚɦɨɦ (ɬɨɱɤɚ θ ɧɚ ɪɢɫ. η, ɛ).  

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɩɨɜɵɲɟɧɢɸ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɫɬɢ ɬɢɬɚ-
ɧɨɜɨɝɨ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ Ti2AlNb ɩɭɬɟɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ-
ɤɪɵɬɢɹ. Ʉɨɧɫɬɪɭɤɰɢɹ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɜɤɥɸɱɚɟɬ ɧɚɥɢɱɢɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ 
ɢ ɜɧɟɲɧɟɝɨ ɫɥɨɟɜ, ɮɨɪɦɢɪɭɟɦɵɯ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɵɦ ɨɫɚɠɞɟɧɢɟɦ ɧɚ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɣ 
ɭɫɬɚɧɨɜɤɟ ɆȺɉ-3.  

Ɉɩɵɬɧɵɦ ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɨɛɳɢɣ ɢɡɧɨɫ ɨɛɪɚɡɰɨɜ ɢɡ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ 
ɫɩɥɚɜɚ Ti2AlNb ɫ ɡɚɳɢɬɧɵɦ ɩɨɤɪɵɬɢɟɦ ɢ ɛɟɡ ɧɟɝɨ ɜ ɩɚɪɟ ɫ ɤɨɧɬɪɬɟɥɨɦ ɢɡ ɫɩɥɚɜɚ 
ȼɀ17β ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɮɪɟɬɬɢɧɝɨɩɨɜɪɟɠɞɚɟɦɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0 °ɋ ɫɨɫɬɚ-
ɜɢɥ: 10 ɦɤɦ – ɞɥɹ ɨɛɪɚɡɰɚ ɫ ɩɨɤɪɵɬɢɟɦ ɢ γ0 ɦɤɦ – ɞɥɹ ɨɛɪɚɡɰɚ ɛɟɡ ɩɨɤɪɵɬɢɹ, ɚ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 700 °ɋ − ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ γ0 ɢ 40 ɦɤɦ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ 
Ti2AlNb ɫ ɡɚɳɢɬɧɵɦ ɩɨɤɪɵɬɢɟɦ ɢ ɛɟɡ ɧɟɝɨ ɜ ɩɚɪɟ ɫ ɤɨɧɬɪɬɟɥɨɦ ɢɡ ɫɩɥɚɜɚ ȼɀ17β ɩɨɫɥɟ ɢɫ-
ɩɵɬɚɧɢɣ ɧɚ ɮɪɟɬɬɢɧɝɨɩɨɜɪɟɠɞɚɟɦɨɫɬɶ ɫɨɫɬɚɜɢɥ 0,4β ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0 °ɋ, ɚ ɩɪɢ ɬɟɦɩɟ-
ɪɚɬɭɪɟ 700 °ɋ: 0,29 – ɞɥɹ ɨɛɪɚɡɰɚ ɫɩɥɚɜɚ Ti2AlNb ɛɟɡ ɩɨɤɪɵɬɢɹ ɢ 0,31 – ɫ ɩɨɤɪɵɬɢɟɦ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɤɪɵɬɢɟ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɚɳɢɬɭ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ 
ɫɩɥɚɜɚ Ti2AlNb ɨɬ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɨɤɢɫɥɟɧɢɹ. ɍɞɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɦɚɫɫɵ ɨɛɪɚɡɰɨɜ 
ɢɡ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ Ti2AlNb ɫ ɩɨɤɪɵɬɢɟɦ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 700 °ɋ ɧɚ ɛɚɡɟ β00 ɱ ɫɨɫɬɚɜɢɥɨ γ,78 ɝ/ɦ2, ɚ ɛɟɡ ɩɨɤɪɵɬɢɹ 6,22 ɝ/ɦ2.  

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɵɞɟɪɠɢɜɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɨɤɫɢɞɚ ɯɪɨɦɚ, ɡɚɳɢɬɧɚɹ 
ɩɥɟɧɤɚ ɤɨɬɨɪɨɝɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɞɚɥɶɧɟɣɲɟɦɭ ɨɤɢɫɥɟɧɢɸ ɨɛɪɚɡɰɚ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 
ɡɧɚɱɟɧɢɹɦɢ ɭɞɟɥɶɧɵɯ ɩɪɢɜɟɫɨɜ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɫɨɫɬɚɜ ɡɨɧɵ 1 ɩɨɤɪɵɬɢɹ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɫɥɟ ɧɚɧɟɫɟɧɢɹ 
ɜɯɨɞɹɬ ɧɢɤɟɥɶ, ɯɪɨɦ ɢ ɬɢɬɚɧ, ɚ ɡɨɧɚ 2 ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɢɫ-
ɥɨɪɨɞɚ ɢ ɬɢɬɚɧɚ. ȼ ɡɨɧɟ, ɩɪɢɥɟɝɚɸɳɟɣ ɤ ɩɨɤɪɵɬɢɸ, ɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɨɫɧɨɜɧɨɦɭ ɦɚɬɟɪɢɚɥɭ, ɜ ɤɨɬɨɪɨɦ ɢɦɟɸɬɫɹ ɮɚɡɵ, ɨɛɨɝɚɳɟɧɧɵɟ ɚɥɸɦɢɧɢɟɦ ɢ ɬɢɬɚɧɨɦ 
(ɬɨɱɤɚ 1 ɧɚ ɪɢɫ. η, ɚ).  

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɥɨɤɚɥɶɧɨɝɨ ɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɨɛɪɚɡɰɚ ɫ ɩɨɤɪɵɬɢɟɦ 
ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɡɨɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɤɪɵɬɢɹ ɢ 
ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɚɥɸɦɢɧɢɹ ɢ ɧɢɨɛɢɹ, ɚ ɬɚɤɠɟ 
ɨɛɧɚɪɭɠɟɧɵ ɷɥɟɦɟɧɬɵ, ɩɪɢɫɭɳɢɟ ɫɨɫɬɚɜɭ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, – ɰɢɪɤɨɧɢɣ, ɬɚɧɬɚɥ ɢ 
ɜɨɥɶɮɪɚɦ. Ɉɞɧɚɤɨ ɜ ɡɨɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɟ ɨɛɧɚɪɭɠɟɧɨ ɧɢɤɟɥɹ ɢ ɯɪɨɦɚ, ɫɨɞɟɪɠɚɳɢɯ-
ɫɹ ɜ ɜɟɪɯɧɟɦ ɫɥɨɟ ɩɨɤɪɵɬɢɹ, ɬɟɦ ɫɚɦɵɦ ɛɚɪɶɟɪɧɵɣ ɫɥɨɣ ɧɚ ɨɫɧɨɜɟ ɧɢɬɪɢɞɚ ɬɢɬɚɧɚ ɜɵ-
ɩɨɥɧɹɟɬ ɜɨɡɥɨɠɟɧɧɭɸ ɧɚ ɧɟɝɨ ɮɭɧɤɰɢɸ ɢ ɧɟ ɩɨɡɜɨɥɹɟɬ ɮɨɪɦɢɪɨɜɚɬɶ ɜ ɩɪɨɰɟɫɫɟ ɜɵɫɨ-
ɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɜɵɞɟɪɠɤɢ ɧɟɠɟɥɚɬɟɥɶɧɵɟ ɮɚɡɵ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ, ɯɪɨɦɚ ɢ ɬɢɬɚɧɚ,  
ɤɨɬɨɪɵɟ ɫɧɢɠɚɸɬ ɜɵɧɨɫɥɢɜɨɫɬɶ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɨɜɵɲɟɧɢɢ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɫɬɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞ-
ɧɨɝɨ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ Ti2AlNb ɛɥɚɝɨɞɚɪɹ ɩɪɢɦɟɧɟɧɢɸ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɩɨɤɪɵɬɢɹ, 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɬɨɪɨɝɨ ɜ ɩɟɪɫɩɟɤɬɢɜɟ ɩɨɡɜɨɥɹɬ ɩɪɢɦɟɧɹɬɶ ɟɝɨ ɞɥɹ ɡɚɳɢɬɵ 
ɡɚɦɤɨɜ ɥɨɩɚɬɨɤ ɬɭɪɛɢɧɵ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɢɡ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɬɢɬɚɧɨɜɨɝɨ Ȗ-ɫɩɥɚɜɚ. 
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Ɉɩɢɫɚɧɨ ɩɪɢɦɟɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɣ ɧɚɧɟɫɟɧɢɹ ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɨɝɨ ɢ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɝɨ 

ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɵɯ ɩɨɤɪɵɬɢɣ ɞɥɹ ɡɚɳɢɬɵ ɥɨɩɚɬɨɤ ɤɨɦɩɪɟɫɫɨɪɚ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ 
ɞɜɢɝɚɬɟɥɹ (ȽɌȾ) ɢɡ ɫɩɥɚɜɚ ȼɌ8Ɇ-1 ɨɬ ɷɪɨɡɢɨɧɧɨɝɨ ɢɡɧɨɫɚ ɢ ɮɪɟɬɬɢɧɝɚ. ɉɪɢɜɟɞɟɧɵ 
ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɥɨɩɚɬɨɤ ɤɨɦɩɪɟɫɫɨɪɚ ɧɚ ɷɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɢ 
ɜɢɛɪɨɭɫɬɚɥɨɫɬɶ, ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ȼɌ8Ɇ-1 ɧɚ ɮɪɟɬɬɢɧɝ-ɢɡɧɨɫ, ɦɧɨɝɨɰɢɤɥɨɜɭɸ 
ɭɫɬɚɥɨɫɬɶ ɢ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɪɟɡɭɥɶɬɚɬɵ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɢ 
ɦɟɬɚɥɥɨɮɢɡɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɧɨɝɨɫɥɨɣɧɵɟ ɩɨɤɪɵɬɢɹ TТN/CrN ɢ 
TТ+TТN ɩɨɜɵɲɚɸɬ ɷɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɩɟɪɚ ɢ ɫɬɨɣɤɨɫɬɶ ɤ ɮɪɟɬɬɢɧɝ-ɢɡɧɨɫɭ 
ɡɚɦɤɨɜɨɣ ɱɚɫɬɢ ɬɢɬɚɧɨɜɵɯ ɥɨɩɚɬɨɤ ɤɨɦɩɪɟɫɫɨɪɚ ȽɌȾ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɢɯ ɭɫɬɚɥɨɫɬɧɨɣ 
ɞɨɥɝɨɜɟɱɧɨɫɬɢ.  

Ключевые слова: ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɨɟ ɩɨɤɪɵɬɢɟ, ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɟ ɩɨɤɪɵɬɢɟ, 
ɚɫɫɢɫɬɢɪɨɜɚɧɧɨɟ ɨɫɚɠɞɟɧɢɟ, ɧɚɧɨɫɥɨɣɧɨɟ ɩɨɤɪɵɬɢɟ, ɥɨɩɚɬɤɚ ɤɨɦɩɪɟɫɫɨɪɚ. 

 
D.A. Alexandrov1, D.S. Gorlov1, S.A. Budinovskii1 
 
APPLICATION  OF  A  COMPLEX  OF  ION-PLASMA  TECHNOLOGIES  
TO PROTECT  THE  COMPRESSOR  BLADES  OF  A  HELICOPTER  
GAS-TURBINE  ENGINE  FROM EROSION  WEAR  AND  FRETTING 
 

Describes the application of the technology of applying erosion-resistant and fretting-
resistant ion-plasma coatings to protect compressor blades of VT8M-1 alloy from erosion wear 
and fretting, presents the results of tests of compressor blades for erosion resistance and 
vibration fatigue, samples of VT8M-1 alloy for fretting wear, multi-cycle fatigue and long-term 
strength, metallographic and metallophysical studies. It has been established that multilayer 
coatings TiN/CrN and Ti+TiN increase, respectively, the erosion resistance of the feather and 
the resistance to fretting wear of the locking part of titanium GTE compressor blades while 
maintaining their fatigue strength. 

Keywords: erosion-resistant coating, anti-fretting coating, ion-plasma assisted deposition, 
nanolayer coating, compressor blade. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
State Unitary Enterprise «AХХ-RЮssТКЧ SМТОЧЭТПТМ RОsОКrМС IЧsЭТЭЮЭО ШП AЯТКЭТШЧ εКЭОrТКХs» State Research 
Center of the Russian Federation]; e-mail: admin@viam.ru 

 
ȼɜɟɞɟɧɢɟ 

Ɉɞɧɨ ɢɡ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɫɨɜɪɟɦɟɧɧɨɝɨ ɚɜɢɚɰɢɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɟɫɬɪɨɟɧɢɹ – 
ɩɨɜɵɲɟɧɢɟ ɪɟɫɭɪɫɚ ɢ ɧɚɞɟɠɧɨɫɬɢ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɞɟɬɚɥɟɣ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 
(ȽɌȾ). Ɉɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ ɡɚɳɢɬɚ ɨɬ ɩɵɥɟɜɨɣ ɷɪɨɡɢɢ, ɢɥɢ ɝɚɡɨɚɛɪɚɡɢɜɧɨɝɨ 
ɢɡɧɨɫɚ Д1Ж. ɂɡɧɨɫ ɩɨɜɟɪɯɧɨɫɬɢ ɝɚɡɨɚɛɪɚɡɢɜɧɵɦ ɩɨɬɨɤɨɦ ɡɚɜɢɫɢɬ ɤɚɤ ɨɬ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ ɩɨɞɥɨɠɤɢ ɢɥɢ ɤɨɦɩɨɡɢɰɢɢ ɩɨɞɥɨɠɤɚ–ɩɨɤɪɵɬɢɟ, 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɟɟ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɬɚɤ ɢ ɨɬ 
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ɭɫɥɨɜɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɩɵɥɟɜɨɡɞɭɲɧɵɦ ɩɨɬɨɤɨɦ ДβЖ. Ƚɚɡɨɚɛɪɚɡɢɜɧɵɣ ɢɡɧɨɫ ɥɨɩɚɬɨɤ 
ɤɨɦɩɪɟɫɫɨɪɚ ȽɌȾ ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɧɚ ɡɟɦɥɟ ɢɥɢ ɜɛɥɢɡɢ ɡɟɦɥɢ, ɝɥɚɜɧɵɦ 
ɨɛɪɚɡɨɦ ɩɪɢ ɩɨɫɚɞɤɟ ɢ ɜɡɥɟɬɟ ɜɟɪɬɨɥɟɬɨɜ.  

ɉɨɫɥɟ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɤɢ ɤɨɦɩɪɟɫɫɨɪɚ ɜ ɞɢɫɤ ɬɚɤɠɟ ɦɨɠɧɨ ɫɬɨɥɤɧɭɬɶɫɹ ɫ 
ɩɪɨɰɟɫɫɨɦ ɮɪɟɬɬɢɧɝɚ ɜ ɡɚɦɤɨɜɨɣ ɱɚɫɬɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɪɭɲɟɧɢɸ ɡɚɦɤɚ ɢ ɨɛɥɨɦɭ 
ɥɨɩɚɬɤɢ ɤɨɦɩɪɟɫɫɨɪɚ. ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɜɟɪɬɨɥɟɬɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɬɢɩɚ Ɍȼγ-117 ɢ 
ȼɄ-2500 ɪɚɧɶɲɟ ɩɪɢɦɟɧɹɥɢ ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɨɟ ɦɧɨɝɨɫɥɨɣɧɨɟ ɩɨɤɪɵɬɢɟ ȿɄ-7 ɧɚ ɨɫɧɨɜɟ 
ɧɢɬɪɢɞɨɜ ɬɢɬɚɧɚ ɢ ɰɢɪɤɨɧɢɹ, ɚ ɬɚɤɠɟ ɩɨɤɪɵɬɢɟ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɮɪɟɬɬɢɧɝɚ ȼȺɉ-2. 
ɉɨɤɪɵɬɢɟ ȿɄ-7 ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɢɟɦɥɟɦɵɣ ɭɪɨɜɟɧɶ ɷɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɧɚ 
ɥɨɛɨɜɵɯ ɭɝɥɚɯ ɚɬɚɤɢ, ɚ ɩɨɤɪɵɬɢɟ ȼȺɉ-β ɢɦɟɟɬ ɩɪɟɞɟɥɶɧɭɸ ɪɚɛɨɱɭɸ ɬɟɦɩɟɪɚɬɭɪɭ 
250 °ɋ. 

ɍɜɟɥɢɱɟɧɢɟ ɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɜɟɪɬɨɥɟɬɧɵɯ ɞɜɢɝɚɬɟɥɟɣ 
ɩɨɜɵɲɚɟɬ ɬɪɟɛɨɜɚɧɢɹ ɤɚɤ ɤ ɥɨɩɚɬɤɚɦ ɤɨɦɩɪɟɫɫɨɪɚ, ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɦ ɢɡ ɬɢɬɚɧɨɜɨɝɨ 
ɫɩɥɚɜɚ Дγ, 4Ж, ɬɚɤ ɢ ɤ ɡɚɳɢɬɧɵɦ ɢ ɭɩɪɨɱɧɹɸɳɢɦ ɩɨɤɪɵɬɢɹɦ. ɉɟɪɫɩɟɤɬɢɜɧɨɣ ɢɞɟɟɣ ɜ 
ɨɛɥɚɫɬɢ ɧɚɧɟɫɟɧɢɹ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɯ ɦɧɨɝɨɫɥɨɣɧɵɯ 
ɫɢɫɬɟɦ ɫ ɩɥɚɜɧɵɦ ɩɟɪɟɯɨɞɨɦ (ɝɪɚɞɢɟɧɬɨɦ), ɬ. ɟ. ɝɪɚɞɢɟɧɬɧɨ-ɫɥɨɢɫɬɵɯ ɩɨɤɪɵɬɢɣ. 
Ⱦɚɧɧɵɟ ɩɨɤɪɵɬɢɹ ɧɚɱɚɥɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɨɛɥɚɫɬɢ ɡɚɳɢɬɵ ɢ ɭɜɟɥɢɱɟɧɢɹ ɪɟɫɭɪɫɚ 
ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ (ɬɟɯɧɨɥɨɝɢɢ ɢ ɩɨɤɪɵɬɢɹ ɮɢɪɦɵ Platit AG, ɒɜɟɣɰɚɪɢɹ). Ⱦɚɥɟɟ 
ɷɬɚ ɤɨɧɰɟɩɰɢɹ ɩɨɥɭɱɢɥɚ ɩɪɨɞɨɥɠɟɧɢɟ ɢ ɜ ɨɛɥɚɫɬɢ ɡɚɳɢɬɵ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɞɟɬɚɥɟɣ ȽɌȾ 
(ɥɨɩɚɬɨɤ ɤɨɦɩɪɟɫɫɨɪɚ). Ɋɚɡɪɚɛɨɬɤɚɦɢ ɩɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ TiN/AlN ɡɚɧɹɥɚɫɶ 
ɮɢɪɦɚ MTU Aeroengine (Ƚɟɪɦɚɧɢɹ).  

ɉɨ ɞɚɧɧɵɦ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢ ɡɚɪɭɛɟɠɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɝɪɚɞɢɟɧɬɧɨ-ɫɥɨɢɫɬɵɦɢ 
ɩɨɤɪɵɬɢɹɦɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɩɨɤɪɵɬɢɹ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɦɧɨɝɨɫɥɨɣɧɵɟ 
ɫɬɪɭɤɬɭɪɵ. Ɍɟɯɧɨɥɨɝɢɹ ɧɚɧɟɫɟɧɢɹ ɬɚɤɢɯ ɫɥɨɟɜ ɩɨɡɜɨɥɹɟɬ ɩɭɬɟɦ ɩɨɞɛɨɪɚ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɤɚɠɞɨɝɨ ɫɥɨɹ ɢɥɢ ɩɥɚɜɧɨɝɨ 
ɭɜɟɥɢɱɟɧɢɹ ɪɚɫɯɨɞɚ ɝɚɡɚ ɜ ɩɪɨɰɟɫɫɟ ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɩɟɪɟɯɨɞɢɬɶ ɨɬ ɧɢɠɧɟɝɨ 
ɫɥɨɹ ɤ ɜɟɪɯɧɟɦɭ, ɫɨɡɞɚɜɚɹ ɦɟɠɞɭ ɨɫɧɨɜɧɵɦɢ ɫɥɨɹɦɢ ɩɨɤɪɵɬɢɹ ɝɪɚɞɢɟɧɬɧɵɟ 
(ɩɟɪɟɯɨɞɧɵɟ) ɫɥɨɢ. ɗɬɨ ɯɨɪɨɲɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɚɞɝɟɡɢɢ ɩɨɤɪɵɬɢɹ ɜ ɰɟɥɨɦ, ɚ ɬɚɤɠɟ 
ɫɥɨɟɜ, ɜɯɨɞɹɳɢɯ ɜ ɧɟɝɨ, ɢ ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɡɨɜɚɬɶ ɜɟɫɶ ɤɨɦɩɥɟɤɫ ɡɚɳɢɬɧɵɯ ɫɜɨɣɫɬɜ, 
ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɨɞɫɥɨɹɦɢ, ɜɯɨɞɹɳɢɦɢ ɜ ɩɨɤɪɵɬɢɟ. Ƚɪɚɞɢɟɧɬɧɨ-ɫɥɨɢɫɬɨɟ 
ɩɨɤɪɵɬɢɟ ɦɨɠɟɬ ɜɤɥɸɱɚɬɶ ɩɨɞɫɥɨɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɠɚɪɨɫɬɨɣɤɨɫɬɶ, ɚ ɬɚɤɠɟ 
ɤɨɪɪɨɡɢɨɧɧɭɸ ɢ ɷɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɡɚɳɢɳɚɟɦɨɣ ɨɫɧɨɜɵ ДηЖ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɵɦɢ 
ɹɜɥɹɸɬɫɹ ɫɢɫɬɟɦɵ ɝɪɚɞɢɟɧɬɧɨ-ɫɥɨɢɫɬɵɯ ɦɧɨɝɨɫɥɨɣɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɧɢɬɪɢɞɚ 
ɬɢɬɚɧɚ, ɫɨɞɟɪɠɚɳɢɯ ɦɟɠɞɭ ɫɥɨɹɦɢ ɧɢɬɪɢɞɚ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɢɥɢ ɤɟɪɦɟɬɧɵɟ ɫɥɨɢ, 
ɤɨɬɨɪɵɟ ɜɥɢɹɸɬ ɧɚ ɤɨɦɩɥɟɤɫ ɫɜɨɣɫɬɜ ɜɫɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɤɟɪɦɟɬɧɵɯ ɫɥɨɟɜ ɧɢɬɪɢɞɨɜ ɯɪɨɦɚ ɢ ɚɥɸɦɢɧɢɹ ɦɟɠɞɭ ɫɥɨɹɦɢ ɧɢɬɪɢɞɚ ɬɢɬɚɧɚ ɦɨɠɧɨ 
ɩɨɜɵɫɢɬɶ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɢ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɜɵɫɨɤɨɣ 
ɷɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ. ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɥɨɟɜ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɚ ɭɦɟɧɶɲɚɟɬ 
ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ ɩɨɤɪɵɬɢɹ ɡɚ ɫɱɟɬ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ДθЖ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɜɵɫɨɤɨɣ 
ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ ɩɨɞɨɛɧɵɟ ɫɢɫɬɟɦɵ ɜ ɭɫɥɨɜɢɹɯ ɮɪɟɬɬɢɧɝɚ, 
ɡɚɳɢɳɚɹ ɨɫɧɨɜɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɢ ɧɟ ɩɨɜɪɟɠɞɚɹ ɤɨɧɬɪɬɟɥɨ.  

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚɧɨɫɥɨɣɧɨɝɨ ɩɨɤɪɵɬɢɹ TiN/CrN ɜ ɤɚɱɟɫɬɜɟ ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɨɝɨ 
ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ. ɋɨɱɟɬɚɧɢɟ ɫɥɨɟɜ ɧɢɬɪɢɞɨɜ ɬɢɬɚɧɚ ɢ ɯɪɨɦɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɩɨɜɵɲɟɧɢɟ ɷɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɡɚ ɫɱɟɬ ɜɧɭɬɪɟɧɧɟɝɨ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɫɥɨɟɜ. 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɷɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ, ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɤɨɧɫɬɪɭɤɰɢɢ ɞɚɧɧɨɝɨ 
ɩɨɤɪɵɬɢɹ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɪɚɛɨɬɟ ДηЖ. ȼ ɤɚɱɟɫɬɜɟ ɡɚɳɢɬɵ ɨɬ ɮɪɟɬɬɢɧɝ-ɢɡɧɨɫɚ ɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɧɨɝɨɫɥɨɣɧɨɟ ɩɨɤɪɵɬɢɟ Ti+TiN. Ɍɚɤɢɟ ɩɨɤɪɵɬɢɹ ɧɚɧɨɫɹɬ ɧɚ ɭɫɬɚɧɨɜɤɟ 
ɆȺɉ-γ, ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɜɨ ɎȽɍɉ «ȼɂȺɆ». ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɹɜɥɹɟɬɫɹ ɧɚɧɟɫɟɧɢɟ ɤɚɤ 
ɨɞɧɨɝɨ, ɬɚɤ ɢ ɞɪɭɝɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɨɞɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɧɚɧɟɫɬɢ ɨɛɚ 
ɩɨɤɪɵɬɢɹ ɧɚ ɦɨɬɨɪɨɤɨɦɩɥɟɤɬ ɡɚ ɨɞɧɭ ɫɦɟɧɭ.  
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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 17.γ. 
«Ɇɧɨɝɨɫɥɨɣɧɵɟ ɠɚɪɨɫɬɨɣɤɢɟ ɢ ɬɟɩɥɨɡɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ, ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɟ 
ɭɩɪɨɱɧɹɸɳɢɟ ɷɪɨɡɢɨɧɧɨ- ɢ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ, ɢɡɧɨɫɨɫɬɨɣɤɢɟ, ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɵɟ 
ɩɨɤɪɵɬɢɹ ɞɥɹ ɡɚɳɢɬɵ ɞɟɬɚɥɟɣ ɝɨɪɹɱɟɝɨ ɬɪɚɤɬɚ ɢ ɤɨɦɩɪɟɫɫɨɪɚ ȽɌȾ ɢ ȽɌɍ» 
(«ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ 
ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ») Д7Ж. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

ɇɚɧɟɫɟɧɢɟ ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɨɝɨ ɢ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɝɨ ɩɨɤɪɵɬɢɣ ɨɫɭɳɟɫɬɜɥɹɥɢ ɧɚ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ɆȺɉ-γ ɫ ɤɨɦɩɶɸɬɟɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ 
ɩɪɨɰɟɫɫɨɦ ɩɪɢ ɩɨɦɨɳɢ ɫɨɫɬɚɜɧɨɝɨ ɤɚɬɨɞɚ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɚ ɢ ɯɪɨɦɚ. ɇɚɧɟɫɟɧɢɟ 
ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɨɝɨ ɩɨɤɪɵɬɢɹ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɫɫɢɫɬɢɪɨɜɚɧɧɨɝɨ ɨɫɚɠɞɟɧɢɹ 
ɢɨɧɚɦɢ ɚɪɝɨɧɚ, ɤɨɬɨɪɨɟ, ɩɨ ɫɭɬɢ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɰɟɫɫ ɩɨɫɥɨɣɧɨɣ ɢɦɩɥɚɧɬɚɰɢɢ  
[8–1θЖ ɪɚɫɬɭɳɟɝɨ ɤɨɧɞɟɧɫɚɬɚ, ɱɬɨ ɭɥɭɱɲɚɟɬ ɷɤɫɩɥɭɚɬɚɰɢɬɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɤɪɵɬɢɹ.  

Ⱦɥɹ ɨɰɟɧɤɢ ɡɚɳɢɬɧɵɯ ɫɜɨɣɫɬɜ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ ɩɨɤɪɵɬɢɣ ɩɪɨɜɨɞɢɥɢ 
ɢɫɩɵɬɚɧɢɹ ɨɛɪɚɡɰɨɜ ɫ ɩɨɤɪɵɬɢɹɦɢ ɧɚ ɷɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ, ɮɪɟɬɬɢɧɝ-ɢɡɧɨɫ, 
ɦɧɨɝɨɰɢɤɥɨɜɭɸ ɭɫɬɚɥɨɫɬɶ, ɜɢɛɪɨɭɫɬɚɥɨɫɬɶ ɢ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ.  

Ɉɰɟɧɤɭ ɷɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɵɯ ɩɨɤɪɵɬɢɣ ɨɫɭɳɟɫɬɜɥɹɥɢ 
ɦɟɬɨɞɨɦ ɫɪɚɜɧɢɬɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɦ ɫɬɟɧɞɟ, ɫɨɝɥɚɫɧɨ ɦɟɬɨɞɢɤɟ 
ɆɆ 1.595-2-352–β008 «Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɷɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɤɨɦɩɨɡɢɰɢɢ 
ɫɩɥɚɜ–ɩɨɤɪɵɬɢɟ», ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɜɨ ɎȽɍɉ «ȼɂȺɆ». ȼ ɤɚɱɟɫɬɜɟ ɷɪɨɡɢɨɧɧɨɣ ɫɪɟɞɵ 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɟɱɧɨɣ ɤɜɚɪɰɟɜɵɣ ɩɟɫɨɤ ɫɨ ɫɪɟɞɧɢɦ (з(γ00–350) ɦɤɦ) ɢ ɦɚɤɫɢɦɚɥɶɧɵɦ 
(700 ɦɤɦ) ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ. 

Ɉɰɟɧɤɭ ɮɪɟɬɬɢɧɝ-ɢɡɧɨɫɚ ɩɪɨɜɨɞɢɥɢ ɩɨ ASTM G204-10: ɜɪɟɦɹ ɢɫɩɵɬɚɧɢɣ 
105 ɰɢɤɥɨɜ (1β8 ɦɢɧ), ɬɟɦɩɟɪɚɬɭɪɚ 4η0 °ɋ, ɤɨɧɬɪɬɟɥɨ – ɰɢɥɢɧɞɪ ɢɡ ɫɩɥɚɜɚ ȼɌ8, 
ɩɥɚɫɬɢɧɚ – ɢɡ ɫɩɥɚɜɚ ȼɌ8Ɇ-1, ɧɚɝɪɭɡɤɚ 10 ɇ, ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ 1γ Ƚɰ, ɚɦɩɥɢɬɭɞɚ 
ɤɨɥɟɛɚɧɢɣ 100 ɦɤɦ, ɩɨɤɪɵɬɢɟ ɧɚɧɟɫɟɧɨ ɧɚ ɩɥɚɫɬɢɧɭ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɤɪɵɬɢɣ (ɬɨɥɳɢɧɚ, ɭɪɨɜɟɧɶ ɨɫɬɚɬɨɱɧɵɯ 
ɧɚɩɪɹɠɟɧɢɣ) ɜɵɩɨɥɧɹɥɢ ɢɯ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢ ɦɟɬɚɥɥɨɮɢɡɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. 
Ɇɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɩɬɢɱɟɫɤɨɝɨ 
ɦɢɤɪɨɫɤɨɩɚ ɫ ɰɢɮɪɨɜɨɣ ɫɢɫɬɟɦɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɹ ɮɢɪɦɵ Olympus ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɹɯ ɞɨ ×1000. Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɨɫɭɳɟɫɬɜɥɹɥɢ ɧɚ 
ɞɢɮɪɚɤɬɨɦɟɬɪɟ Ⱦɪɨɧ-γ ɫ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɢɦ CЮ Kα-ɢɡɥɭɱɟɧɢɟɦ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ 
sin2ψ. Ɋɚɛɨɱɢɣ ɪɟɠɢɦ ɞɢɮɪɚɤɬɨɦɟɬɪɚ: ɧɚɩɪɹɠɟɧɢɟ γ0 ɤȼ, ɬɨɤ γ0 ɦȺ, ɜɪɟɦɹ ɷɤɫɩɨɡɢɰɢɢ 
η ɫ. ɉɪɢɦɟɧɟɧ ɦɟɬɨɞ ɛɨɤɨɜɨɝɨ ɧɚɤɥɨɧɚ ɩɪɢ 7 ɡɧɚɱɟɧɢɹɯ ɭɝɥɚ ψ. ɉɨɥɨɠɟɧɢɟ 
ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɥɢɧɢɣ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɰɟɧɬɪɭ ɬɹɠɟɫɬɢ.  

ɂɫɩɵɬɚɧɢɹ ɧɚ ɜɢɛɪɨɭɫɬɚɥɨɫɬɶ ɩɪɨɜɨɞɢɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɈɋɌ1 00870–77 
«Ʌɨɩɚɬɤɢ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ. Ɇɟɬɨɞɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɭɫɬɚɥɨɫɬɶ» ɢ ɈɋɌ1 00γ0γ–79 
«Ʌɨɩɚɬɤɢ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ. ɉɟɪɢɨɞɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɧɚ ɭɫɬɚɥɨɫɬɶ» ɧɚ 
ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɦ ɜɢɛɪɨɫɬɟɧɞɟ ȼɗȾɋ-400 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɥɟɞɭɸɳɢɯ ɩɪɢɛɨɪɨɜ: 
ɝɟɧɟɪɚɬɨɪ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ ɫɢɝɧɚɥɨɜ Ƚγ-117, ɨɫɰɢɥɥɨɝɪɚɮ ɋ1-8γ, ɦɢɥɥɢɜɨɥɶɬɦɟɬɪ ȼγ-33, 
ɦɢɤɪɨɫɤɨɩ ɆɂɊ-β (ɰɟɧɚ ɞɟɥɟɧɢɹ 0,0η ɦɦ). 

Ʌɨɩɚɬɤɢ ɩɪɟɩɚɪɢɪɨɜɚɧɵ ɬɟɧɡɨɪɟɡɢɫɬɨɪɚɦɢ ɬɢɩɚ ɄɎηɉ1-3-100-Ȼ1β (ɛɚɡɚ γ ɦɦ). 
Ƚɪɚɞɭɢɪɨɜɤɭ ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɨɣ ɚɩɩɚɪɚɬɭɪɵ (ɨɩɪɟɞɟɥɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ mV=f(ı), 

ɝɞɟ mV – ɩɨɤɚɡɚɧɢɹ ɦɢɥɥɢɜɨɥɶɬɦɟɬɪɚ ȼγ-γγ, ɩɨɞɤɥɸɱɟɧɧɨɝɨ ɤ ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɨɦɭ 
ɭɫɢɥɢɬɟɥɸ ɍɌɌ-4; ı – ɧɚɩɪɹɠɟɧɢɹ, Ɇɉɚ) ɩɪɨɜɨɞɢɥɢ ɩɨ ɦɟɬɨɞɢɤɟ, ɩɪɢɧɹɬɨɣ ɞɥɹ 
ɢɡɦɟɪɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɬɟɧɡɨɦɟɬɪɢɪɨɜɚɧɢɢ ɥɨɩɚɬɨɤ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɧɚ 
ɦɧɨɝɨɰɢɤɥɨɜɭɸ ɭɫɬɚɥɨɫɬɶ ɢ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɫ ɩɨɤɪɵɬɢɹɦɢ 
ɨɫɭɳɟɫɬɜɥɹɥɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨ ȽɈɋɌ 1-90266–8θ ɢ ȽɈɋɌ 1014η–81. 

Ɂɚɞɚɧɧɵɣ ɭɪɨɜɟɧɶ ɧɚɩɪɹɠɟɧɢɣ ɜɵɫɬɚɜɥɹɥɫɹ ɢ ɤɨɧɬɪɨɥɢɪɨɜɚɥɫɹ ɨɩɟɪɚɬɨɪɨɦ ɩɨ 
ɪɚɡɦɚɯɭ ɤɨɥɟɛɚɧɢɣ ɬɨɪɰɚ ɥɨɩɚɬɤɢ ɫɨ ɫɬɨɪɨɧɵ ɜɵɯɨɞɧɨɣ ɤɪɨɦɤɢ (ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
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ɪɟɡɭɥɶɬɚɬɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɜɟɞɟɧɧɨɣ ɝɪɚɞɭɢɪɨɜɤɢ ɥɨɩɚɬɤɢ, ɬ. ɟ. ɡɚɜɢɫɢɦɨɫɬɢ 
mV=f(βȺ), ɝɞɟ βȺ – ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɬɨɪɰɚ ɥɨɩɚɬɤɢ, ɦɦ). 

 
ɛ)ɚ) ɜ)

 
Ɋɢɫ. 1. ȼɧɟɲɧɢɣ ɜɢɞ ɥɨɩɚɬɨɤ ɤɨɦɩɪɟɫɫɨɪɚ ɫ ɦɧɨɝɨɫɥɨɣɧɵɦ ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɢɦ ɢ 

ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɢɦ ɩɨɤɪɵɬɢɹɦɢ (ɚ), ɚ ɬɚɤɠɟ ɜ ɨɫɧɚɫɬɤɟ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɨɝɨ (ɛ) ɢ 
ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɝɨ ɩɨɤɪɵɬɢɣ (ɜ) 

 
ɇɚ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ɆȺɉ-γ ɩɪɨɜɨɞɢɥɢ ɧɚɧɟɫɟɧɢɟ ɦɧɨɝɨɫɥɨɣɧɨɝɨ 

ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɨɝɨ ɩɨɤɪɵɬɢɹ TiN/CrN ɧɚ ɨɛɪɚɡɰɵ ɢ ɥɨɩɚɬɤɢ ɤɨɦɩɪɟɫɫɨɪɚ ɢɡ ɫɩɥɚɜɚ 
ȼɌ8Ɇ-1 ɢ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɝɨ ɩɨɤɪɵɬɢɹ Ti+TiN ɧɚ ɡɚɦɤɢ ɥɨɩɚɬɨɤ ɤɨɦɩɪɟɫɫɨɪɚ 1-ɣ ɫɬɭɩɟɧɢ 
ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ8Ɇ-1. ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧ ɜɧɟɲɧɢɣ ɜɢɞ ɥɨɩɚɬɨɤ ɫ ɩɨɤɪɵɬɢɟɦ, ɚ 
ɬɚɤɠɟ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɟ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɣ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɷɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɦɧɨɝɨɫɥɨɣɧɨɝɨ 
ɩɨɤɪɵɬɢɹ TiN/CrN ɨɬ ɟɝɨ ɬɨɥɳɢɧɵ. ȼ ɬɚɛɥ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ. 

 
Ɍɚɛɥɢɰɚ 1 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɷɪɨɡɢɨɧɧɵɣ ɢɡɧɨɫ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ8Ɇ-1 ɫ ɩɨɤɪɵɬɢɟɦ TiN/CrN  
ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɜɢɛɪɨɩɨɥɢɪɨɜɤɨɣ 

ɍɫɥɨɜɧɵɣ 
ɧɨɦɟɪ 
ɨɛɪɚɡɰɚ 

Ɍɨɥɳɢɧɚ 
ɩɨɤɪɵɬɢɹ, ɦɤɦ 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɷɪɨɡɢɨɧɧɵɣ ɢɡɧɨɫ (ɭɫɥ. ɟɞ.) / 
ɷɪɨɡɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ (ɪɚɡ), ɩɪɢ ɭɝɥɟ ɚɬɚɤɢ, ɝɪɚɞɭɫ 

70  20  
0 Ȼɟɡ ɩɨɤɪɵɬɢɹ 1* 

1 21 0,008/125 
(ɩɪɨɣɞɟɧɨ γ ɰɢɤɥɚ) 

0,016/62,5 
(ɩɪɨɣɞɟɧɨ γ ɰɢɤɥɚ) 

2 20 0,024/42 
(ɩɪɨɣɞɟɧɨ γ ɰɢɤɥɚ) 

0,016/62,5 
(ɩɪɨɣɞɟɧɨ γ ɰɢɤɥɚ) 

3 18  0,029/34,4 
(ɜɵɞɟɪɠɚɧɨ γ ɰɢɤɥɚ) 

0,026/38 
(ɜɵɞɟɪɠɚɧɨ γ ɰɢɤɥɚ) 

4 14 0,09/11 
(ɩɪɨɣɞɟɧɨ γ ɰɢɤɥɚ) 

0,08/12,5 
(ɩɪɨɣɞɟɧɨ γ ɰɢɤɥɚ) 

5 13 0,11/9,1 
(ɫɞɭɜ ɧɚ γ ɰɢɤɥɟ) 

ɂɫɩɵɬɚɧɢɹ ɧɟ ɩɪɨɜɨɞɢɥɢɫɶ 
ɢɡ-ɡɚ ɧɟɭɞɚɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 
ɢɫɩɵɬɚɧɢɣ ɩɪɢ ɥɨɛɨɜɨɦ  

ɭɝɥɟ ɚɬɚɤɢ 
6 12,5 0,41/2,4 

(ɫɞɭɜ ɧɚ γ ɰɢɤɥɟ) 
*Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɷɪɨɡɢɨɧɧɵɣ ɢɡɧɨɫ ɨɫɧɨɜɵ ɛɟɡ ɩɨɤɪɵɬɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɡɚ ɟɞɢɧɢɰɭ. 

 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɚɹ ɬɨɥɳɢɧɚ ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɨɝɨ ɩɨɤɪɵɬɢɹ 

ɫɨɫɬɚɜɥɹɟɬ ɨɬ β1 ɞɨ 14 ɦɤɦ. ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɷɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ (ɞɨ 1βη ɪɚɡ) 
ɨɛɭɫɥɨɜɥɟɧ ɧɚɧɨɫɥɨɣɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɩɨɤɪɵɬɢɹ TiN/CrN, ɢɦɟɸɳɟɣ ɬɨɥɳɢɧɭ ɧɚɧɨɫɥɨɟɜ 
ɨɬ 40 ɞɨ 70 ɧɦ, ɱɬɨ ɢ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɜɵɫɨɤɢɟ ɬɜɟɪɞɨɫɬɶ ɢ ɷɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ 
ɩɨɤɪɵɬɢɹ Д17Ж.  

Ɉɩɪɟɞɟɥɟɧɵ ɨɫɬɚɬɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɨɤɪɵɬɢɢ TiN/CrN ɪɚɡɧɨɣ ɬɨɥɳɢɧɵ. 
Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. β. 
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Ɍɚɛɥɢɰɚ 2 
Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɜ ɩɨɤɪɵɬɢɢ TiN/CrN ɪɚɡɥɢɱɧɨɣ ɬɨɥɳɢɧɵ 

Ɍɨɥɳɢɧɚ ɩɨɤɪɵɬɢɹ, 
ɦɤɦ Ɏɚɡɚ ɉɥɨɫɤɨɫɬɶ hkl Ɂɧɚɱɟɧɢɹ ɨɫɬɚɬɨɱɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ,  

εɉК 

20 
TiN 

422 

–15η0˃1γη 
CrN –θ80˃ββ0 

18 
TiN –1440˃140 
CrN –θθ0˃ββ0 

14 
TiN –1η80˃1η0 
CrN –θηη˃1η0 

 
ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɨɥɳɢɧɵ ɩɨɤɪɵɬɢɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 14 ɞɨ β0 ɦɤɦ 

ɭɪɨɜɟɧɶ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɫɠɚɬɢɢ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɟ ɢɡɦɟɧɹɟɬɫɹ (ɪɚɡɧɢɰɚ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɝɪɟɲɧɨɫɬɢ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧɢɹ). ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɚ ɜɟɥɢɱɢɧɭ 
ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜɥɢɹɟɬ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɫɨɨɬɧɨɲɟɧɢɟ ɬɨɥɳɢɧ ɧɚɧɨɫɥɨɟɜ 
ɧɢɬɪɢɞɨɜ ɬɢɬɚɧɚ ɢ ɯɪɨɦɚ. Ɇɟɠɞɭ ɬɟɦ ɭɪɨɜɟɧɶ ɩɨɥɭɱɟɧɧɵɯ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ 
ɫɠɚɬɢɢ ɨɛɴɹɫɧɹɟɬ ɜɵɫɨɤɭɸ ɷɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ, ɜ ɬɨɦ ɱɢɫɥɟ ɡɚ ɫɱɟɬ ɫɨɨɬɧɨɲɟɧɢɹ 
ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɫɥɨɟɜ ɧɢɬɪɢɞɨɜ ɬɢɬɚɧɚ ɢ ɯɪɨɦɚ, ɨɛɟɫɩɟɱɢɜɚɹ ɞɟɦɩɮɢɪɭɸɳɢɣ 
ɷɮɮɟɤɬ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɚɛɪɚɡɢɜɧɵɯ ɱɚɫɬɢɰ Д18Ж.  

ɉɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɧɚ ɷɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɥɨɩɚɬɨɤ 1-ɣ ɫɬɭɩɟɧɢ 
ɤɨɦɩɪɟɫɫɨɪɚ ȽɌȾ ɫ ɩɨɤɪɵɬɢɟɦ TiN/CrN, ɚ ɬɚɤɠɟ ɧɚ ɮɪɟɬɬɢɧɝ-ɢɡɧɨɫ ɨɛɪɚɡɰɨɜ ɫɩɥɚɜɚ 
ȼɌ8Ɇ-1 ɫ ɦɧɨɝɨɫɥɨɣɧɵɦ ɩɨɤɪɵɬɢɟɦ Ti+TiN (ɬɚɛɥ. γ ɢ 4). 

 
Ɍɚɛɥɢɰɚ 3 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɷɪɨɡɢɨɧɧɵɣ ɢɡɧɨɫ ɥɨɩɚɬɨɤ 1-ɫɬɭɩɟɧɢ ɤɨɦɩɪɟɫɫɨɪɚ ȽɌȾ 
ɢ ɨɛɪɚɡɰɨɜ ɲɢɮɪɚ ɇ03-212 ɢɡ ɫɩɥɚɜɚ ȼɌ8Ɇ-1 ɫ ɩɨɤɪɵɬɢɟɦ TiN/CrN ɢ ɛɟɡ ɩɨɤɪɵɬɢɹ 

Ɉɫɧɨɜɚ ɇɚɥɢɱɢɟ 
ɩɨɤɪɵɬɢɹ 

Ɍɨɥɳɢɧɚ 
ɩɨɤɪɵɬɢɹ,  

ɦɤɦ 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɷɪɨɡɢɨɧɧɵɣ ɢɡɧɨɫ (ɭɫɥ. ɟɞ.) / 
ɷɪɨɡɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ (ɪɚɡ), ɩɪɢ ɭɝɥɟ ɚɬɚɤɢ, ɝɪɚɞɭɫ 

70 20 

Ʌɨɩɚɬɤɚ  
1-ɣ ɫɬɭɩɟɧɢ  

Ȼɟɡ ɩɨɤɪɵɬɢɹ – 1* 

ɋ ɩɨɤɪɵɬɢɟɦ  18  0,029/34,4 
(ɜɵɞɟɪɠɚɧɨ γ ɰɢɤɥɚ) 

0,026/38 
(ɜɵɞɟɪɠɚɧɨ γ ɰɢɤɥɚ) 

Ɉɛɪɚɡɟɰ 
ɲɢɮɪɚ  
ɇ0γ-212 

Ȼɟɡ ɩɨɤɪɵɬɢɹ – 1 

ɋ ɩɨɤɪɵɬɢɟɦ  18  0,02/50 
(ɜɵɞɟɪɠɚɧɨ γ ɰɢɤɥɚ) 

0,04/25 
(ɜɵɞɟɪɠɚɧɨ γ ɰɢɤɥɚ) 

*Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɷɪɨɡɢɨɧɧɵɣ ɢɡɧɨɫ ɨɫɧɨɜɵ ɛɟɡ ɩɨɤɪɵɬɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɡɚ ɟɞɢɧɢɰɭ. 
 

Ɍɚɛɥɢɰɚ 4 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɮɪɟɬɬɢɧɝ-ɢɡɧɨɫ ɨɛɪɚɡɰɨɜ  

ɢɡ ɫɩɥɚɜɚ ȼɌ8Ɇ-1 ɫ ɪɚɡɥɢɱɧɵɦɢ ɩɨɤɪɵɬɢɹɦɢ ɢ ɛɟɡ ɩɨɤɪɵɬɢɹ 
Ɍɢɩ ɩɨɤɪɵɬɢɹ Ʌɢɧɟɣɧɵɣ ɢɡɧɨɫ, ɦɦ ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɢɡɧɨɫɚ, ɦɦ 

Ȼɟɡ ɩɨɤɪɵɬɢɹ 
0,086 

0,0605 
0,035 

Ti+TiN 

0,017 

0,024 

0,021 
0,023 
0,025 
0,036 
0,077 

ȼȺɉ-2 
0,082 

0,0795 
0,077 
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Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɷɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɩɨɤɪɵɬɢɹ TiN/CrN ɩɨɤɚɡɚɥɢ ɟɟ 
ɩɨɜɵɲɟɧɢɟ ɜ γ4–η0 ɪɚɡ ɩɪɢ ɭɝɥɟ ɚɬɚɤɢ 70 ɝɪɚɞɭɫɨɜ ɢ ɜ βη–38 ɪɚɡ ɩɪɢ ɭɝɥɟ ɚɬɚɤɢ 
20 ɝɪɚɞɭɫɨɜ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɮɪɟɬɬɢɧɝ-ɢɡɧɨɫ ɩɨɤɪɵɬɢɹ Ti+TiN ɩɨɤɚɡɚɥɢ, ɱɬɨ ɟɝɨ 
ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɫɬɶ ɜ γ,γ1 ɪɚɡɚ ɜɵɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɢɱɧɵɦ ɩɨɤɪɵɬɢɟɦ ȼȺɉ-2. 

ɉɪɨɜɟɞɟɧɵ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɪɵɬɢɣ ɧɚ ɰɢɮɪɨɜɨɦ ɦɢɤɪɨɫɤɨɩɟ 
Olympus GXη1 ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ×1000. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɤɪɵɬɢɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. β. 

 
ɛ)ɚ) ɝ)ɜ)

 
 

Ɋɢɫ. β. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɤɪɵɬɢɣ (×1000) ɧɚ ɥɨɩɚɬɤɟ ɤɨɦɩɪɟɫɫɨɪɚ ɢɡ ɫɩɥɚɜɚ ȼɌ8Ɇ-1 ɫ 
ɩɨɤɪɵɬɢɹɦɢ TТ+TТσ (ɡɚɦɨɤ, ɛɨɤɨɜɚɹ ɤɨɧɬɚɤɬɢɪɭɸɳɚɹ ɩɥɨɫɤɨɫɬɶ (ɚ, ɛ), ɬɪɚɜɥɟɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ) 
ɢ TТσ/Crσ (ɩɟɪɨ, ɫɩɢɧɤɚ (ɜ) ɢ ɤɨɪɵɬɨ (ɝ)) 

 
Ɍɨɥɳɢɧɚ ɧɚɧɟɫɟɧɧɨɝɨ ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɥɨɩɚɬɤɟ ɤɨɦɩɪɟɫɫɨɪɚ 

ɫɨɫɬɚɜɢɥɚ 1θ–18 ɦɤɦ, ɚ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɝɨ з(7–8) ɦɤɦ.  
ɉɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ȼɌ8Ɇ-1 ɫ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɢɦ 

ɩɨɤɪɵɬɢɟɦ ɧɚ ɦɧɨɝɨɰɢɤɥɨɜɭɸ ɭɫɬɚɥɨɫɬɶ ɢ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ (ɩɨ ȽɈɋɌ 1-90266–86 
ɢ ȽɈɋɌ 10145–81). ɂɫɩɵɬɚɧɢɹ ɧɚ ɦɧɨɝɨɰɢɤɥɨɜɭɸ ɭɫɬɚɥɨɫɬɶ ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ ɧɚ 
ɩɚɫɩɨɪɬɧɨɦ ɡɧɚɱɟɧɢɢ ɩɪɟɞɟɥɚ ɜɵɧɨɫɥɢɜɨɫɬɢ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ8Ɇ-1 (4η0 Ɇɉɚ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 4η0 °ɋ). Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. η ɢ θ. 

 
Ɍɚɛɥɢɰɚ 5 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɦɧɨɝɨɰɢɤɥɨɜɭɸ ɭɫɬɚɥɨɫɬɶ  
ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ȼɌ8Ɇ-1 ɫ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɢɦ ɩɨɤɪɵɬɢɟɦ Ti+TiN ɢ ɛɟɡ ɩɨɤɪɵɬɢɹ 

ɍɫɥɨɜɧɵɣ 
ɧɨɦɟɪ ɨɛɪɚɡɰɚ 

ɇɚɥɢɱɢɟ 
ɩɨɤɪɵɬɢɹ 

ɇɚɩɪɹɠɟɧɢɟ, 
Ɇɉɚ 

ɑɢɫɥɨ 
ɰɢɤɥɨɜ 

Ɋɟɡɭɥɶɬɚɬ 
ɢɫɩɵɬɚɧɢɹ 

1 
Ȼɟɡ ɩɨɤɪɵɬɢɹ 

450 

26745000 

ɇɟ ɪɚɡɪɭɲɟɧ 
2 
3 

ɋ ɩɨɤɪɵɬɢɟɦ 

29520000 
4 29610000 
5 33135000 

 
ɂɫɩɵɬɚɧɢɹ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪɨɜɨɞɢɥɢ ɧɚ ɛɚɡɟ 100 ɢ η00 ɱ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 4η0 °ɋ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. θ. 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɧɚ ɦɧɨɝɨɰɢɤɥɨɜɭɸ ɭɫɬɚɥɨɫɬɶ ɢ ɞɥɢɬɟɥɶɧɭɸ 

ɩɪɨɱɧɨɫɬɶ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɤɪɵɬɢɟ Ti+TiN ɧɟ ɫɧɢɠɚɟɬ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 
ɫɩɥɚɜɚ ȼɌ8Ɇ-1.  
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Ɍɚɛɥɢɰɚ 6 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ȼɌ8Ɇ-1  

ɫ ɩɨɤɪɵɬɢɟɦ Ti+TiN ɢ ɛɟɡ ɩɨɤɪɵɬɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 450 °ɋ 
ɍɫɥɨɜɧɵɣ 
ɧɨɦɟɪ 
ɨɛɪɚɡɰɚ 

ɇɚɥɢɱɢɟ  
ɩɨɤɪɵɬɢɹ 

ɇɚɩɪɹɠɟɧɢɟ,  
Ɇɉɚ 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɢɫɩɵɬɚɧɢɹ, ɱ 

ȼɪɟɦɹ ɞɨ 
ɪɚɡɪɭɲɟɧɢɹ, ɱ 

ɉɪɢɦɟɱɚɧɢɟ 

1 
Ȼɟɡ ɩɨɤɪɵɬɢɹ 

685  500 609 ɋɧɹɬ ɞɨ ɪɚɡɪɭɲɟɧɢɹ 
2 735  100 140 Ɋɚɡɪɭɲɢɥɫɹ 
3 685  500 654 ɋɧɹɬ ɞɨ ɪɚɡɪɭɲɟɧɢɹ 
4 

ɋ ɩɨɤɪɵɬɢɟɦ 

685  500 174 Ɋɚɡɪɭɲɢɥɫɹ 
5 735  100 122 
6 685  500 670 ɋɧɹɬ ɞɨ ɪɚɡɪɭɲɟɧɢɹ 
7 735  100 6 Ɋɚɡɪɭɲɢɥɫɹ 
8 685  500 579 

 
ɉɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ȼɌ8Ɇ-1 ɫ ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɢɦ 

ɩɨɤɪɵɬɢɟɦ TiN/CrN. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. γ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɚɧɧɨɟ 
ɩɨɤɪɵɬɢɟ ɧɟ ɫɧɢɠɚɟɬ ɩɪɟɞɟɥ ɜɵɧɨɫɥɢɜɨɫɬɢ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ8Ɇ-1, ɱɬɨ ɦɨɠɧɨ 
ɬɚɤɠɟ ɨɛɴɹɫɧɢɬɶ ɩɪɢɦɟɧɟɧɢɟɦ ɚɫɫɢɫɬɢɪɨɜɚɧɧɨɝɨ ɨɫɚɠɞɟɧɢɹ Д19, β0Ж. 

 

2·107
400ɇ

ɚɩ
ɪɹ
ɠ
ɟɧ
ɢɟ
,

Ɇ
ɉ
ɚ

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɫɩɵɬɚɧɢɣ, ɰɢɤɥ
4·107 6·107

600

500

0 8·107

 
Ɋɢɫ. γ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɭɫɬɚɥɨɫɬɶ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ȼɌ8Ɇ-1 ɫ ɩɨɤɪɵɬɢɟɦ 

Ti+TiN/CrN (■) ɢ ɛɟɡ ɩɨɤɪɵɬɢɹ () (▬, ▬ ▬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɟ ɤɪɢɜɵɟ) 
 
Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢɫɫɥɟɞɭɟɦɵɯ ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɨɝɨ ɢ 

ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɝɨ ɩɨɤɪɵɬɢɣ ɩɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɧɚ ɜɢɛɪɨɭɫɬɚɥɨɫɬɶ ɬɢɬɚɧɨɜɵɯ ɥɨɩɚɬɨɤ 
1-ɣ ɫɬɭɩɟɧɢ ɜɟɪɬɨɥɟɬɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɢɡ ɫɩɥɚɜɚ ȼɌ8Ɇ-1 ɫ ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɢɦ ɢ 
ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɢɦ ɩɨɤɪɵɬɢɹɦɢ (ɪɢɫ. 1). ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɪɚɛɨɱɟɦ ɧɚɩɪɹɠɟɧɢɢ 
4η0 Ɇɉɚ (ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɧɚɝɪɭɡɤɟ) ɧɚ ɛɚɡɟ β·107 ɰɢɤɥɨɜ.  

ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɦɨɦɟɧɬɵ ɜɢɛɪɨɭɫɬɚɥɨɫɬɧɵɯ ɢɫɩɵɬɚɧɢɣ, ɚ  
ɜ ɬɚɛɥ. 7 ɢ 8 – ɢɯ ɪɟɡɭɥɶɬɚɬɵ.  

 

 
Ɋɢɫ. 4. Ɉɫɧɨɜɧɵɟ ɨɩɟɪɚɰɢɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɫɩɵɬɚɧɢɣ ɧɚ ɜɢɛɪɨɭɫɬɚɥɨɫɬɶ 
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Ɍɚɛɥɢɰɚ 7 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɥɨɩɚɬɨɤ 1-ɣ ɫɬɭɩɟɧɢ ɤɨɦɩɪɟɫɫɨɪɚ ȽɌȾ  

ɢɡ ɫɩɥɚɜɚ ȼɌ8Ɇ-1 ɛɟɡ ɩɨɤɪɵɬɢɣ 
ɍɫɥɨɜɧɵɣ 
ɧɨɦɟɪ 
ɥɨɩɚɬɤɢ 

Ⱥɦɩɥɢɬɭɞɚ 
ɤɨɥɟɛɚɧɢɣ 
βȺ, ɦɦ 

ɇɚɩɪɹɠɟɧɢɟ, 
Ɇɉɚ 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɢɫɩɵɬɚɧɢɣ 

ɑɢɫɥɨ 
ɰɢɤɥɨɜ 

ɑɚɫɬɨɬɚ, 
Ƚɰ 

ɉɪɢɦɟɱɚɧɢɟ 

1 
8,3 

450 

8 ɱ η0 ɦɢɧ 

2·107 

626 

ɇɟ ɫɥɨɦɚɥɚɫɶ 

2 9 ɱ 617 
3 8,45 8 ɱ η0 ɦɢɧ 628 
4 

8,4 
8 ɱ ηη ɦɢɧ 624 

5 8 ɱ η0 ɦɢɧ 625 
6 8,35 

 
Ɍɚɛɥɢɰɚ 8 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɥɨɩɚɬɨɤ 1-ɣ ɫɬɭɩɟɧɢ ɤɨɦɩɪɟɫɫɨɪɚ ȽɌȾ 
ɢɡ ɫɩɥɚɜɚ ȼɌ8Ɇ-1 ɫ ɩɨɤɪɵɬɢɹɦɢ 

ɍɫɥɨɜɧɵɣ 
ɧɨɦɟɪ 
ɥɨɩɚɬɤɢ 

Ⱥɦɩɥɢɬɭɞɚ 
ɤɨɥɟɛɚɧɢɣ 
βȺ, ɦɦ 

ɇɚɩɪɹɠɟɧɢɟ, 
Ɇɉɚ 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɢɫɩɵɬɚɧɢɣ 

ɑɢɫɥɨ 
ɰɢɤɥɨɜ 

ɑɚɫɬɨɬɚ, 
Ƚɰ 

ɉɪɢɦɟɱɚɧɢɟ 

87-1 8,55 

450 

8 ɱ 4η ɦɢɧ 

2,00·107 

630 

ɇɟ ɫɥɨɦɚɥɚɫɶ 
87-2 

8,45 
634 

87-3 
8 ɱ η0 ɦɢɧ 

626 
87-5 8,4 628 
87-6 8,6 629 

87-7 9,75 500 14 ɱ β0 ɦɢɧ 3,25·107 632 
ɉɨɥɨɦɤɚ  
ɧɚ ɫɩɢɧɤɟ 

87-8 8,6 

450 

8 ɱ 40 ɦɢɧ 

2,00·107 

642 

ɇɟ ɫɥɨɦɚɥɚɫɶ 
87-9 

8,5 
9 ɱ 619 

87-10 
8 ɱ η0 ɦɢɧ 

627 
87-11 8,55 626 
87-12 8,45 627 

 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɢɛɪɨɭɫɬɚɥɨɫɬɧɵɯ ɢɫɩɵɬɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ 

4η0 Ɇɉɚ ɧɚ ɛɚɡɟ β·107 ɰɢɤɥɨɜ ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɨɟ ɢ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɟ ɩɨɤɪɵɬɢɹ ɧɟ 
ɭɯɭɞɲɚɸɬ ɭɫɬɚɥɨɫɬɧɭɸ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɬɢɬɚɧɨɜɵɯ ɥɨɩɚɬɨɤ ɤɨɦɩɪɟɫɫɨɪɚ ɢɡ ɫɩɥɚɜɚ 
ȼɌ8Ɇ-1.  

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɤɪɵɬɢɟ TТσ/Crσ ɦɧɨɝɨɤɪɚɬɧɨ (ɞɨ γ8 ɪɚɡ – ɧɚ ɥɨɩɚɬɤɟ 
ɤɨɦɩɪɟɫɫɨɪɚ ɢ ɞɨ 1βη ɪɚɡ – ɧɚ ɨɛɪɚɡɰɟ) ɩɨɜɵɲɚɟɬ ɷɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɥɨɩɚɬɨɤ 
ɤɨɦɩɪɟɫɫɨɪɚ ȽɌȾ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɨɣ ɞɥɹ ɞɚɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɹɜɥɹɟɬɫɹ ɬɨɥɳɢɧɚ ɜ 
ɞɢɚɩɚɡɨɧɟ ɨɬ 1η ɞɨ 18 ɦɤɦ, ɚ ɭɪɨɜɟɧɶ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɩɨɤɪɵɬɢɢ TТσ/Crσ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɟɝɨ ɤɨɧɫɬɪɭɤɰɢɟɣ, ɚ ɧɟ ɬɨɥɳɢɧɨɣ (ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 1η ɞɨ 
β0 ɦɤɦ). 

ȼɵɹɜɥɟɧɨ, ɱɬɨ ɩɨɤɪɵɬɢɟ TТ+TТσ ɩɨɜɵɲɚɟɬ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɫɬɶ ɡɚɦɤɨɜɨɣ ɱɚɫɬɢ 
ɥɨɩɚɬɨɤ ȽɌȾ, ɚ ɬɚɤɠɟ ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɭ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɩɨɤɚɡɚɬɟɥɶ 
ɮɪɟɬɬɢɧɝ-ɢɡɧɨɫɚ (ɜ γ ɪɚɡɚ ɜɵɲɟ), ɱɟɦ ɭ ɫɟɪɢɣɧɨɝɨ ɩɨɤɪɵɬɢɹ ȼȺɉ-β. Ʉɨɧɫɬɪɭɤɰɢɹ 
ɩɨɤɪɵɬɢɹ TТσ/Crσ ɩɨɡɜɨɥɹɟɬ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɬɶ ɟɝɨ ɤɚɤ ɧɚ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɚɯ, ɬɚɤ ɢ 
ɧɚ ɫɬɚɥɹɯ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ȼɌ8Ɇ-1  
ɧɚ ɦɧɨɝɨɰɢɤɥɨɜɭɸ ɭɫɬɚɥɨɫɬɶ ɢ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ, ɚ ɥɨɩɚɬɨɤ 1-ɣ ɫɬɭɩɟɧɢ ɧɚ 
ɜɢɛɪɨɭɫɬɚɥɨɫɬɶ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɵɟ ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɨɟ (TТσ/Crσ)  
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ɢ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɟ ɩɨɤɪɵɬɢɹ (TТ+TТσ) ɧɟ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɹ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɥɨɩɚɬɨɤ ɤɨɦɩɪɟɫɫɨɪɚ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ8Ɇ-1. 

Ɂɚ ɫɱɟɬ ɧɚɧɟɫɟɧɢɹ ɨɛɨɢɯ ɩɨɤɪɵɬɢɣ ɧɚ ɭɫɬɚɧɨɜɤɟ ɆȺɉ-γ ɢ ɱɚɫɬɢɱɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ 
ɨɞɢɧɚɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɩɨɤɪɵɬɢɣ (ɤɚɬɨɞ ɢɡ ɫɩɥɚɜɚ ȼɌ1-0) ɩɪɨɢɫɯɨɞɢɬ ɧɟ ɬɨɥɶɤɨ 
ɨɩɬɢɦɢɡɚɰɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɰɢɤɥɚ, ɧɨ ɢ ɫɧɢɠɟɧɢɟ ɟɝɨ ɫɬɨɢɦɨɫɬɢ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɬɟɯɧɨɥɨɝɢɢ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɧɟɟ ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɵɣ ɩɟɪɫɨɧɚɥ.  

Ⱦɚɧɧɵɟ ɦɧɨɝɨɫɥɨɣɧɵɟ ɩɨɤɪɵɬɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɨɦɩɥɟɤɫɧɨɣ 
ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɫɟɪɢɣɧɵɯ ɢ 
ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɜɟɪɬɨɥɟɬɧɵɯ ȽɌȾ, ɷɤɫɩɥɭɚɬɢɪɭɸɳɢɯɫɹ ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɭɫɥɨɜɢɹɯ 
ɡɚɩɵɥɟɧɧɨɝɨ ɜɨɡɞɭɯɚ.  

 
Ȼɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɣ ɫɩɢɫɨɤ 
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ɍȾɄ θβ1.7θβ 
 
ɂ.ȼ. əɰɸɤ1, Ɉ.ɇ. Ⱦɨɪɨɧɢɧ1, ɂ.ɋ. Ʉɭɤɨ1 

 
ȼɌɈɊɂɑɇȺə  ɉȿɊȿɊȺȻɈɌɄȺ  ɅɂɌɕɏ  ɌɊɍȻɇɕɏ  ɄȺɌɈȾɈȼ 
ɉɊɂ  ɉɈɅɍɑȿɇɂɂ  ɆȿɌȺɅɅɈɉɈɊɈɒɄɈȼɈɃ  ɄɈɆɉɈɁɂɐɂɂ 
ȾɅə  ȽȺɁɈɌȿɊɆɂɑȿɋɄɈȽɈ  ɇȺɉɕɅȿɇɂə  ɉɈɄɊɕɌɂɃ 
 
DOI: 10.18577/2307-6046-2021-0-2-81-87 
 

ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜɨ ɎȽɍɉ  
«ȼɂȺɆ» ɦɟɬɚɥɥɨɩɨɪɨɲɤɨɜɵɯ ɤɨɦɩɨɡɢɰɢɣ (ɆɉɄ) ɢɡ ɫɩɥɚɜɚ ȼɋȾɉ-3, ɚ ɬɚɤɠɟ ɠɚɪɨɫɬɨɣɤɢɯ 
ɚɬɦɨɫɮɟɪɧɨ-ɩɥɚɡɦɟɧɧɵɯ ɩɨɪɨɲɤɨɜɵɯ ɩɨɤɪɵɬɢɣ. ȼ ɤɚɱɟɫɬɜɟ ɡɚɝɨɬɨɜɨɤ ɞɥɹ ɪɚɫɩɵɥɟɧɢɹ 
ɆɉɄ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɬɚɧɞɚɪɬɧɵɟ ɲɢɯɬɨɜɵɟ ɡɚɝɨɬɨɜɤɢ ɢ ɨɬɪɚɛɨɬɚɜɲɢɟ ɪɟɫɭɪɫ ɥɢɬɵɟ 
ɬɪɭɛɧɵɟ ɤɚɬɨɞɵ ɞɥɹ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɨɫɚɠɞɟɧɢɹ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɨɦɩɨɡɢɰɢɢ, ɩɨɥɭ-
ɱɟɧɧɵɟ ɪɚɫɩɵɥɟɧɢɟɦ ɤɚɬɨɞɨɜ, ɢ ɩɨɤɪɵɬɢɹ, ɧɚɧɟɫɟɧɧɵɟ ɧɚɩɵɥɟɧɢɟɦ ɞɚɧɧɵɯ ɆɉɄ, ɧɟ ɭɫɬɭ-
ɩɚɸɬ ɩɨ ɫɜɨɣɫɬɜɚɦ ɫɬɚɧɞɚɪɬɧɵɦ ɤɨɦɩɨɡɢɰɢɹɦ ɢ ɩɨɤɪɵɬɢɹɦ. ɉɪɢ ɷɬɨɦ ɫɟɛɟɫɬɨɢɦɨɫɬɶ 
ɬɚɤɢɯ ɆɉɄ ɢ ɩɨɤɪɵɬɢɣ ɦɨɠɟɬ ɛɵɬɶ ɦɟɧɶɲɟ ɧɚ 20–40%. 

Ключевые слова: ɦɟɬɚɥɥɨɩɨɪɨɲɤɨɜɚɹ ɤɨɦɩɨɡɢɰɢɹ, ɝɚɡɨɜɚɹ ɚɬɨɦɢɡɚɰɢɹ, ɡɚɳɢɬɧɵɟ ɩɨ-
ɤɪɵɬɢɹ, ɚɬɦɨɫɮɟɪɧɨ-ɩɥɚɡɦɟɧɧɨɟ ɧɚɩɵɥɟɧɢɟ, ɥɢɬɵɟ ɬɪɭɛɧɵɟ ɤɚɬɨɞɵ. 
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SECONDARY  PROCESSING  OF  CAST  TUBE  CATHODES  
WHEN  OBTAINING  A  METAL  POWDER  COMPOSITION  
FOR  THE  GAS-THERMAL  SPRAY  OF  COATINGS 
 

The paper presents the results of structural studies of metal-powder compositions (MPC) from 
the VSDP-3 alloy, as well as heat-resistant atmospheric-plasma powder coatings, developed at the 
FSUE «VIAM». As ЛХКЧФs ПШr spЮttОrТЧР tСО MPC, stКЧНКrН МСКrРО ЛХКЧФs КЧН ОбСКЮstОН rОsШЮrМО 
cast tube cathodes for ion-plasma deposition were used. It was found that MPC obtained by sputter-
ing cathodes and coatings deposited by sputtering these MPC are not inferior in properties to stand-
ard MPC and coatings. At the same time, the cost of such MPC and coatings can be 20–40% lower. 

Keywords: metal powder composition, gas atomization, protective coatings, atmospheric plas-
ma spraying, cast tube cathodes. 
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ȼɜɟɞɟɧɢɟ 

Ɉɞɧɨɣ ɢɡ ɚɤɬɭɚɥɶɧɵɯ ɩɪɨɛɥɟɦ ɚɜɢɚɰɢɨɧɧɨɝɨ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɹɜɥɹɟɬɫɹ ɭɬɢɥɢ-
ɡɚɰɢɹ ɨɬɪɚɛɨɬɚɜɲɢɯ ɪɟɫɭɪɫ ɪɚɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ɉɞɧɚɤɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨ-
ɰɟɫɫ ɩɟɪɟɪɚɛɨɬɤɢ ɢ ɭɬɢɥɢɡɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɪɚɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɧɚɩɪɢɦɟɪ 
ɩɪɟɤɭɪɫɨɪɨɜ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɜ ɝɚɡɨɬɭɪ-
ɛɨɫɬɪɨɟɧɢɢ – ɤɚɬɨɞɨɜ ɞɥɹ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɨɫɚɠɞɟɧɢɹ Д1–θЖ, ɦɢɲɟɧɟɣ ɞɥɹ ɦɚɝɧɟ-
ɬɪɨɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ Д7Ж ɢ ɧɟɰɟɥɟɜɵɯ ɮɪɚɤɰɢɣ ɦɟɬɚɥɥɨɩɨɪɨɲɤɨɜɵɯ ɤɨɦɩɨɡɢɰɢɣ 
(ɆɉɄ) ɞɥɹ ɝɚɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɧɚɧɟɫɟɧɢɹ Д8Ж, ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ ɧɟ ɩɨɥɭɱɢɥ ɲɢɪɨɤɨɝɨ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ. Ɉɱɟɧɶ ɱɚɫɬɨ ɞɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɨɫɬɚɸɬɫɹ ɝɨɞɧɵɦɢ ɞɥɹ ɩɨɜɬɨɪɧɨɣ 
ɩɟɪɟɪɚɛɨɬɤɢ ɜɜɢɞɭ ɢɞɟɧɬɢɱɧɨɫɬɢ ɢɯ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɧɨɜɵɦ ɢɡɞɟɥɢɹɦ.  



ǵащȖȠțȩе Ȗ ȢȡțȘцȖȜțаșȪțȩе ȝȜȘȞȩȠȖя  

 

 

82                                                                                             ȀǾȁДЫ  ВǶАǺ  №2 (96) 2021    

 

Ɇɧɨɝɢɟ ɫɨɜɪɟɦɟɧɧɵɟ ɩɪɨɰɟɫɫɵ ɩɨɪɨɲɤɨɜɨɣ ɦɟɬɚɥɥɭɪɝɢɢ ɨɫɧɨɜɚɧɵ ɧɚ ɜɬɨɪɢɱ-
ɧɨɣ ɩɟɪɟɪɚɛɨɬɤɟ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɩɨɪɨɲɤɨɜ ɞɥɹ ɚɞ-
ɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɚɬɦɨɫɮɟɪɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ (AЭЦШsЩСОrТМ ЩХКsЦК 
spraying – APS) Д9, 10Ж. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɪɨɲɤɨɜ ɯɪɭɩɤɢɯ ɦɟɬɚɥɥɨɜ, ɫɩɥɚɜɨɜ ɢ ɧɟɦɟɬɚɥ-
ɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ (ɤɪɟɦɧɢɣ, ɛɟɪɢɥɥɢɣ, ɯɪɨɦ, ɦɚɪɝɚɧɟɰ, ɮɟɪɪɨɫɩɥɚɜɵ, ɨɤɫɢɞɵ, ɛɨ-
ɪɢɞɵ, ɤɚɪɛɢɞɵ ɢ ɞɪ.) ɢɫɩɨɥɶɡɭɸɬ ɭɧɢɤɚɥɶɧɵɟ ɦɟɬɨɞɵ ɪɚɡɦɨɥɚ ɢ ɢɡɦɟɥɶɱɟɧɢɹ Д11Ж. Ɋɚɡ-
ɦɟɥɶɱɟɧɢɟ ɬɚɤɢɯ ɷɥɟɦɟɧɬɨɜ, ɤɚɤ CЮ, AХ, AР ɢ AЮ, ɚ ɬɚɤɠɟ ɠɚɪɨɫɬɨɣɤɢɯ ɫɩɥɚɜɨɜ ɦɨɠɟɬ 
ɜɵɡɜɚɬɶ ɡɚɬɪɭɞɧɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɯ ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɢ ɬɜɟɪɞɨɫɬɶɸ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɧɚɩɵɥɟɧɢɹ (ɧɚɧɟɫɟɧɢɹ) ɚɧɬɢɮɪɢɤɰɢɨɧɧɵɯ, ɢɡɧɨɫɨ-, ɷɪɨ-
ɡɢɨɧɧɨ- ɢ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɯ, ɬɟɪɦɨɫɬɚɛɢɥɶɧɵɯ, ɬɟɪɦɨɛɚɪɶɟɪɧɵɯ, ɷɥɟɤɬɪɨɢɡɨɥɹɰɢɨɧ-
ɧɵɯ, ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɢ ɞɪɭɝɢɯ ɩɨɤɪɵɬɢɣ ɧɚ ɫɥɨɠɧɨɩɪɨɮɢɥɶɧɵɟ ɢ ɤɪɭɩɧɨɝɚɛɚɪɢɬ-
ɧɵɟ ɤɨɦɩɥɟɤɬɭɸɳɢɟ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ (ȽɌȾ) ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ APS 
Д10Ж. Ɍɨɥɳɢɧɚ ɧɚɩɵɥɟɧɧɵɯ ɫɥɨɟɜ ɡɚɜɢɫɢɬ ɨɬ ɧɚɡɧɚɱɟɧɢɹ ɩɨɪɨɲɤɚ ɢ ɟɝɨ ɮɪɚɤɰɢɨɧɧɨɝɨ 
ɫɨɫɬɚɜɚ. Ɏɪɚɤɰɢɹ ɩɨɪɨɲɤɚ ɪɚɡɦɟɪɨɦ β0–β00 ɦɤɦ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɨɣ.  
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɨɥɳɢɧɚ ɧɚɩɵɥɟɧɧɨɝɨ ɫɥɨɹ ɪɟɞɤɨ ɛɵɜɚɟɬ <β0 ɦɤɦ, ɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɮɪɚɤɰɢɣ ɪɚɡɦɟɪɨɦ <β0 ɦɤɦ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɞɨɩɭɫɬɢɦɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɜɜɢɞɭ ɧɢɡɤɨɣ 
ɬɟɤɭɱɟɫɬɢ ɢ ɜɵɫɨɤɨɣ ɜɟɪɨɹɬɧɨɫɬɢ ɨɤɢɫɥɟɧɢɹ ɱɚɫɬɢɰ ɜɫɥɟɞɫɬɜɢɟ ɛɨɥɶɲɨɣ ɩɥɨɳɚɞɢ ɩɨ-
ɜɟɪɯɧɨɫɬɢ Д10Ж. ɑɚɫɬɢɰɵ ɩɨɪɨɲɤɚ ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɟ ɞɥɹ 
ɩɨɜɵɲɟɧɢɹ ɪɚɜɧɨɦɟɪɧɨɫɬɢ ɩɨɤɪɵɬɢɹ ɢ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɬɪɟɛɨɜɚɧɢɣ 
ɩɨ ɬɟɤɭɱɟɫɬɢ. 

Ɇɟɬɨɞ APS ɬɪɟɛɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɟ ɩɨɪɨɲ-
ɤɨɜɵɟ ɦɚɬɟɪɢɚɥɵ. ɇɚɢɛɨɥɟɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɣ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɆɉɄ – ɝɚɡɨɜɚɹ ɚɬɨ-
ɦɢɡɚɰɢɹ Д1β–14Ж. Ɇɢɪɨɜɵɦɢ ɥɢɞɟɪɚɦɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɆɉɄ ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɤɨɦ-
ɩɚɧɢɢ ɢ ɨɪɝɚɧɢɡɚɰɢɢ: PrКбКТr SЮrПКМО TОМСЧШХШРТОs (ɋɒȺ), SТОЦОЧs AG (Ƚɟɪɦɚɧɢɹ), 
MetallizinР EqЮТЩЦОЧЭ CШ PЯЭ. δЭН (ɂɧɞɢɹ), τОrХТФШЧ εОЭМШ (ɒɜɟɣɰɚɪɢɹ), HöРКЧтs AB 
(ɒɜɟɰɢɹ) ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ. ɋɨɜɫɟɦ ɧɟɞɚɜɧɨ ɆɉɄ ɢɧɨɫɬɪɚɧɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɩɪɚɤ-
ɬɢɱɟɫɤɢ ɩɨɜɫɟɦɟɫɬɧɨ ɩɪɢɦɟɧɹɥɢɫɶ ɜ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ɇɚ 
ɪɨɫɫɢɣɫɤɨɦ ɪɵɧɤɟ ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ зθ0 ɦɚɪɨɤ ɢɧɨɫɬɪɚɧɧɨɝɨ ɩɪɨɞɭɤɬɚ. Ɉɞɧɚɤɨ ɫ 
ɧɟɞɚɜɧɟɝɨ ɜɪɟɦɟɧɢ ɡɚɤɭɩɤɚ ɡɚɝɪɚɧɢɱɧɵɯ ɆɉɄ ɧɟɞɨɫɬɭɩɧɚ ɢɡ-ɡɚ ɫɚɧɤɰɢɣ ɫɬɪɚɧ Ɂɚɩɚɞɚ 
ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ. 

ȼ ɪɚɛɨɬɟ Д8Ж ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɩɪɨɛɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɜɨ ɎȽɍɉ 
«ȼɂȺɆ» ɤɨɦɩɥɟɤɫɧɨɝɨ ɦɟɬɨɞɚ ɧɚɩɵɥɟɧɢɹ ɬɟɩɥɨɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɞɥɹ ɫɨɫɬɚɜɥɹɸ-
ɳɢɯ ɱɚɫɬɟɣ ɚɜɢɚ- ɢ ɷɧɟɪɝɨɭɫɬɚɧɨɜɨɤ ȽɌȾ ɢ ȽɌɍ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɆɉɄ ɫɢɫɬɟɦɵ  
Ni–Cr–Al–В ɢɡ ɫɩɥɚɜɚ ɦɚɪɤɢ ȼɋȾɉ-γ, ɩɨɥɭɱɟɧɧɨɣ ɪɚɫɩɵɥɟɧɢɟɦ. ɉɨɪɨɲɤɨɜɨɟ ɩɨɤɪɵ-
ɬɢɟ ɢɡ ɫɩɥɚɜɚ ɋȾɉ/ȼɋȾɉ ɩɨ ɪɹɞɭ ɨɬɞɟɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɨ ɦɧɨɝɨɦ ɥɭɱɲɟ ɢɦɩɨɪɬ-
ɧɵɯ ɚɧɚɥɨɝɨɜ ɡɚ ɫɱɟɬ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ W, Ta, Re, Hf ɢ ɬ. ɩ., ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɫɬɚɛɢɥɢ-
ɡɚɰɢɸ ɢ ɤɨɧɬɪɨɥɶ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢɫɯɨɞɧɨɝɨ ɩɨɤɪɵɬɢɹ ɞɚɠɟ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚ-
ɬɭɪɚɯ, ɚ ɬɚɤɠɟ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɫɨɥɟɣ, ɫɭɥɶɮɚɬɨɜ ɢ ɨɤɫɢɞɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭ-
ɪɟ 7η0–950 °ɋ. Ʉɪɨɦɟ ɬɨɝɨ, ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɧɚɩɵɥɟɧɧɵɯ ɫɥɨɟɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɨɫɬɚ-
ɜɭ ɩɨɪɨɲɤɨɜ. 

ȼɨ ɎȽɍɉ «ȼɂȺɆ» ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɭɫɬɚɧɨɜɨɤ ɫɟɪɢɢ ɆȺɉ ɪɚɡɪɚɛɨɬɚɧɚ ɜɚɤɭɭɦ-
ɧɨ-ɩɥɚɡɦɟɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɜɵɫɨɤɢɯ ɷɧɟɪɝɢɣ (ȼɉɌȼɗ) ɜ ɱɚɫɬɢ ɧɚɧɟɫɟɧɢɹ ɡɚɳɢɬɧɵɯ ɩɨ-
ɤɪɵɬɢɣ Д1–η, 1ηЖ. Ɉɛɪɚɛɨɬɤɚ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɟɬɚɥɟɣ ɦɟɬɨɞɨɦ ȼɉɌȼɗ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɬɨɤɨɜ ɩɥɚɡɦɵ ɜɟɳɟɫɬɜɚ. Ⱦɥɹ ɧɚɧɟɫɟɧɢɹ ȼɉɌȼɗ-ɩɨɤɪɵɬɢɹ ɩɪɢɦɟɧɹ-
ɸɬɫɹ ɩɥɚɡɦɟɧɧɵɟ ɭɫɤɨɪɢɬɟɥɢ – ɫɬɚɰɢɨɧɚɪɧɵɟ ɷɥɟɤɬɪɨɞɭɝɨɜɵɟ ɷɪɨɡɢɨɧɧɵɟ ɭɫɤɨɪɢɬɟɥɢ 
ɩɥɚɡɦɵ ɫ ɪɚɫɯɨɞɭɟɦɵɦ ɤɚɬɨɞɨɦ Д1θЖ. Ƚɟɧɟɪɚɰɢɹ ɩɨɬɨɤɚ ɩɥɚɡɦɵ ɨɫɚɠɞɚɟɦɨɝɨ ɜɟɳɟɫɬɜɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɜɚɤɭɭɦɧɨɦ ɞɭɝɨɜɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɪɚɡɪɹɞɟ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɨɞɚ, ɢɡ-
ɝɨɬɨɜɥɟɧɧɨɝɨ ɢɡ ɦɚɬɟɪɢɚɥɚ ɩɨɤɪɵɬɢɹ Д17Ж. Ʉɚɬɨɞ ɜ ɩɪɨɰɟɫɫɟ ɧɚɩɵɥɟɧɢɹ ɩɨɞɜɟɪɝɚɸɬ 
ɷɪɨɡɢɨɧɧɨɦɭ ɩɪɨɰɟɫɫɭ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɚɬɨɞɧɵɯ ɩɹɬɟɧ ɜɚɤɭɭɦɧɨɣ ɞɭɝɢ. ɋɨɫɬɨɹɧɢɟ ɟɝɨ 
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ɩɨɜɟɪɯɧɨɫɬɢ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɤɚɱɟɫɬɜɨ ɧɚɧɟɫɟɧɧɵɯ ɩɨɤɪɵɬɢɣ. ɉɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɨɞɚ ɤɨɥɶɰɟɜɵɯ ɷɪɨɡɢɨɧɧɵɯ «ɤɚɧɚɜɨɤ» ɫɤɨɪɨɫɬɶ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɹ 
ɫɧɢɠɚɟɬɫɹ. Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɞɚɧɧɨɝɨ ɷɮɮɟɤɬɚ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɨɞɚ 
«ɤɚɧɚɜɨɤ» ɝɥɭɛɢɧɨɣ >(γ–η) ɦɦ ɩɪɨɜɨɞɹɬ ɟɝɨ ɨɛɬɨɱɤɭ ɞɨ ɫɨɫɬɨɹɧɢɹ ɝɥɚɞɤɨɣ ɪɨɜɧɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɨɝɨ ɫɬɚɛɢɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɤɚɬɨɞɧɨɝɨ 
ɩɹɬɧɚ. Ɇɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ ɤɚɬɨɞɚ η ɦɦ. ȼ ɬɨɦ ɫɥɭɱɚɟ ɟɫɥɢ ɬɨɥ-
ɳɢɧɚ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɚɧɧɨɦɭ ɡɧɚɱɟɧɢɸ, ɤɚɬɨɞ ɫɱɢɬɚɟɬɫɹ ɧɟɝɨɞɧɵɦ ɢ ɨɬɩɪɚɜɥɹɟɬɫɹ ɧɚ 
ɭɬɢɥɢɡɚɰɢɸ ɢɥɢ ɩɟɪɟɩɥɚɜ. Ɉɞɧɚɤɨ ɩɪɨɰɟɫɫ ɩɟɪɟɩɥɚɜɚ ɢ ɩɨɜɬɨɪɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟ-
ɝɨɞɧɨɝɨ ɤɚɬɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɬɢɥɢɡɚɰɢɢ 
ɩɨɞɜɟɪɝɚɟɬɫɹ 50–70% ɞɨɪɨɝɨɝɨ ɤɚɬɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɤɨɬɨɪɵɣ ɩɨɬɟɧɰɢɚɥɶɧɨ ɦɨɠɧɨ  
ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɜɬɨɪɧɨ.  

ȼɨ ɎȽɍɉ «ȼɂȺɆ», ɹɜɥɹɸɳɢɦɫɹ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ ɤɚɬɨɞɨɜ ɫɢɫɬɟɦ   
(Ni–Co)–Cr–Al–В ɢ AХ–Ni–В ɢɡ ɫɩɥɚɜɨɜ ɋȾɉ/ȼɋȾɉ, ɧɚɥɚɠɟɧɨ ɢɡɝɨɬɨɜɥɟɧɢɟ ɆɉɄ  
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɚɪɨɤ ɪɚɫɩɵɥɟɧɢɟɦ ɨɬɪɚɛɨɬɚɧɧɵɯ ɤɚɬɨɞɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ 
ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɢɫɩɨɥɶɡɭɟɦɵɯ ɆɉɄ ɢ APS-ɩɨɤɪɵɬɢɣ ɧɚ β0–40% ɡɚ ɫɱɟɬ ɷɤɨɧɨɦɢɢ ɢɫ-
ɯɨɞɧɵɯ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɞɨɪɨɝɨɫɬɨɹɳɢɯ σТ–Re- ɢ σТ–Ru-ɥɢɝɚɬɭɪ. 

ɋɪɚɜɧɢɬɟɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɤɪɵɬɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɧɚɩɵɥɟɧɢɟɦ ɞɜɭɯ ɜɢɞɨɜ 
ɆɉɄ (ɩɪɨɢɡɜɨɞɫɬɜɚ ɎȽɍɉ «ȼɂȺɆ» ɢ ɢɦɩɨɪɬɧɨɝɨ ɚɧɚɥɨɝɚ), ɩɨɤɚɡɚɥɨ, ɱɬɨ ɨɬɤɥɨɧɟɧɢɟ 
ɨɬ ɫɪɟɞɧɟɣ ɬɨɥɳɢɧɵ ɧɚɩɵɥɟɧɧɵɯ ɫɥɨɟɜ ɤɨɦɩɨɡɢɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ȼɂȺɆ ɫɨɫɬɚɜɥɹɟɬ 
<η%, ɚ ɡɚɪɭɛɟɠɧɨɝɨ ɚɧɚɥɨɝɚ – ɞɨ 10% Д8Ж. ȼɵɫɨɤɨɣ ɪɚɜɧɨɦɟɪɧɨɫɬɢ ɞɨɫɬɢɝɚɸɬ ɛɥɚɝɨɞɚ-
ɪɹ ɭɡɤɨɣ ɮɪɚɤɰɢɢ ɩɪɢɦɟɧɹɟɦɵɯ ɩɨɪɨɲɤɨɜ. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɫɪɚɜɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɆɉɄ ɫɢɫɬɟɦɵ  
Ni–Cr–Al–В, ɩɨɥɭɱɟɧɧɵɯ ɪɚɫɩɵɥɟɧɢɟɦ ɨɬɪɚɛɨɬɚɜɲɢɯ ɪɟɫɭɪɫ ɤɚɬɨɞɨɜ ɞɥɹ ɢɨɧɧɨ-
ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɧɟɫɟɧɢɹ ɢ ɫɬɚɧɞɚɪɬɧɵɯ ɡɚɝɨɬɨɜɨɤ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɵɯ ɧɚɭɱɧɵɯ ɩɪɨɛɥɟɦ 17.γ. 
«Ɇɧɨɝɨɫɥɨɣɧɵɟ ɠɚɪɨɫɬɨɣɤɢɟ ɢ ɬɟɩɥɨɡɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ, ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɟ ɭɩɪɨɱ-
ɧɹɸɳɢɟ ɷɪɨɡɢɨɧɧɨ- ɢ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ, ɢɡɧɨɫɨɫɬɨɣɤɢɟ, ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɵɟ ɩɨɤɪɵ-
ɬɢɹ ɞɥɹ ɡɚɳɢɬɵ ɞɟɬɚɥɟɣ ɝɨɪɹɱɟɝɨ ɬɪɚɤɬɚ ɢ ɤɨɦɩɪɟɫɫɨɪɚ ȽɌȾ ɢ ȽɌɍ» ɢ 17.4. «Ɇɧɨɝɨ-
ɫɥɨɣɧɵɟ ɡɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ ɢ ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɨɫɚɠɞɟɧɢɹ ɡɚɳɢɬ-
ɧɵɯ ɢ ɭɩɪɨɱɧɹɸɳɢɯ ɩɨɤɪɵɬɢɣ ɢɡ ɝɚɡɨɜɵɯ ɩɨɬɨɤɨɜ ɩɥɚɡɦɵ, ɫɨɞɟɪɠɚɳɢɯ ɩɪɟɤɭɪɫɨɪɵ 
ɷɥɟɦɟɧɬɨɜ ɫɢɧɬɟɡɢɪɭɟɦɨɝɨ ɩɨɤɪɵɬɢɹ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟ-
ɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ») Д18Ж.  

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

ɂɡɭɱɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɆɉɄ ɩɪɨɜɨɞɢɥɢ ɧɚ ɤɨɦɩɨɡɢɰɢɹɯ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɫɩɵɥɟɧɢ-
ɟɦ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɤɚɬɨɞɚ ɢ ɫɬɚɧɞɚɪɬɧɵɯ ɲɢɯɬɨɜɵɯ ɡɚɝɨɬɨɜɨɤ. Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ ɤɚɬɨɞɚ ɜ 
ɡɨɧɟ ɷɪɨɡɢɨɧɧɵɯ «ɤɚɧɚɜɨɤ» ɫɨɫɬɚɜɥɹɥɚ <η ɦɦ. Ɋɚɫɩɵɥɟɧɢɟ ɜɵɩɨɥɧɹɥɢ ɧɚ ɭɫɬɚɧɨɜɤɟ 
HERεIGA 10/100 VI ɫ ɢɧɞɭɤɰɢɨɧɧɵɦ ɩɥɚɜɢɥɶɧɵɦ ɛɥɨɤɨɦ, ɢɦɟɸɳɢɦ ɞɨɧɧɵɣ ɫɥɢɜ. 
Ⱦɥɹ ɨɱɢɫɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɨɞɚ ɩɨɞ ɪɚɫɩɵɥɟɧɢɟ ɟɝɨ ɩɨɞɜɟɪɝɚɥɢ ɩɟɫɤɨɫɬɪɭɣɧɨɣ ɨɛɪɚ-
ɛɨɬɤɟ. ȼ ɬɨɪɰɚɯ ɫɬɟɧɨɤ ɤɚɬɨɞɚ ɩɟɪɟɞ ɪɚɫɩɵɥɟɧɢɟɦ ɩɪɨɫɜɟɪɥɢɜɚɥɢ ɨɬɜɟɪɫɬɢɟ ɝɥɭɛɢɧɨɣ 
ɧɟ ɛɨɥɟɟ β ɦɦ ɫ ɰɟɥɶɸ ɫɛɨɪɚ ɫɬɪɭɠɤɢ (4 ɩɪɨɛɵ) ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. 
ɉɨɪɨɲɨɤ ɪɚɫɩɵɥɹɥɢ ɯɨɥɨɞɧɵɦ ɝɚɡɨɦ (ɚɪɝɨɧɨɦ). 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɤɚɬɨɞɚ, ɲɢɯɬɨɜɨɣ ɡɚɝɨɬɨɜɤɢ ɢ ɆɉɄ ɢɫ-
ɩɨɥɶɡɨɜɚɥɢ ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɵɣ ɫɩɟɤɬɪɨɦɟɬɪ AРТХОЧЭ 5100 ICP-τES. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɫɨɞɟɪɠɚɧɢɹ ɝɚɡɨɜ ɜ ɦɚɬɟɪɢɚɥɟ ɩɪɢɦɟɧɹɥɢ ɝɚɡɨɚɧɚɥɢɡɚɬɨɪɵ δОМШ: ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɟɪɵ 
ɢ ɭɝɥɟɪɨɞɚ – CS-θ00, ɚ ɞɥɹ ɚɡɨɬɚ ɢ ɤɢɫɥɨɪɨɞɚ – TC-θ00. ɉɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɞɟɝɚɡɚɰɢɸ ɧɟ 
ɩɪɨɜɨɞɢɥɢ. Ƚɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɆɉɄ ɢɫɫɥɟɞɨɜɚɥɢ ɧɚ ɥɚɡɟɪɧɨɦ ɚɧɚɥɢɡɚɬɨɪɟ 
Mastersizer 3000E. 
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ɇɚ ɩɨɞɥɨɠɤɢ ɢɡ ɫɩɥɚɜɚ ɏβ0ɇ80 ɦɟɬɨɞɨɦ APS ɧɚ ɭɫɬɚɧɨɜɤɟ MP-200 AMT ɫ ɩɪɢɦɟ-
ɧɟɧɢɟɦ ɩɥɚɡɦɨɬɪɨɧɚ Metco F4 ɢ ɩɥɚɡɦɨɨɛɪɚɡɭɸɳɢɯ Ar ɢ N2 ɧɚɧɨɫɢɥɢ ɩɨɤɪɵɬɢɟ ɢɡ ɫɩɥɚɜɚ 
ȼɋȾɉ-γ. ɉɟɪɟɦɟɳɟɧɢɟ ɩɥɚɡɦɨɬɪɨɧɚ ɨɫɭɳɟɫɬɜɥɹɥɢ ɫ ɩɨɦɨɳɶɸ θ-ɤɨɨɪɞɢɧɚɬɧɨɝɨ ɩɪɨɦɵɲ-
ɥɟɧɧɨɝɨ ɪɨɛɨɬɚ ABB ɫɟɪɢɢ IRB. ɉɨɤɪɵɬɢɹ ɧɚɧɨɫɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɜɭɯ ɩɚɪɬɢɣ 
ɆɉɄ: ɩɨɥɭɱɟɧɧɨɣ ɪɚɫɩɵɥɟɧɢɟɦ ɨɬɪɚɛɨɬɚɜɲɟɝɨ ɪɟɫɭɪɫ ɥɢɬɨɝɨ ɬɪɭɛɧɨɝɨ ɤɚɬɨɞɚ ɢ ɩɨɥɭ-
ɱɟɧɧɨɣ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ Д8Ж. ȼ ɪɚɛɨɬɟ ɩɪɢɦɟɧɹɥɢ ɆɉɄ ɫ ɪɚɡɦɟɪɨɦ ɮɪɚɤɰɢɢ 
40–100 ɦɤɦ. ɉɨɪɨɲɨɤ ɩɨɞɚɜɚɥɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɫɪɟɡ ɫɨɩɥɚ ɩɥɚɡɦɨɬɪɨɧɚ. Ɋɚɫɯɨɞ 
ɆɉɄ ɫɨɫɬɚɜɢɥ <1 ɫɦ3/ɦɢɧ. Ⱦɥɹ ɧɚɩɵɥɟɧɢɹ ɩɨɪɨɲɤɨɜɵɯ ɫɥɨɟɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɬɟɯɧɨɥɨ-
ɝɢɸ, ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɜɨ ɎȽɍɉ «ȼɂȺɆ». 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɨɪɮɨɥɨɝɢɢ ɢ ɫɨɫɬɨɹɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ ɜɵɩɨɥɧɹɥɢ 
ɧɚ ɪɚɫɬɪɨɜɨɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ JSε-840 ɜ ɪɟɠɢɦɟ ɨɛɪɚɬɧɨ-ɪɚɫɫɟɹɧɧɵɯ ɷɥɟɤ-
ɬɪɨɧɨɜ. ɇɚ ɨɩɬɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ τХyЦЩЮs GБ η1 ɫ ɰɢɮɪɨɜɨɣ ɫɢɫɬɟɦɨɣ ɨɛɪɚɛɨɬɤɢ 
ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɨɜɟɞɟɧɚ ɦɟɬɚɥɥɨɝɪɚɮɢɹ ɩɨɤɪɵɬɢɣ (×β00). Ɉɛɪɚɛɨɬɤɭ ɢɡɨɛɪɚɠɟɧɢɣ  
ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ ββ8γ8–77. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɡɨɛɪɚɠɟɧɢɹ ɤɚɬɨɞɚ ɢɡ ɫɩɥɚɜɚ ȼɋȾɉ-γ ɞɨ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɢ ɩɨɫɥɟ ɜɵɪɚɛɨɬɤɢ ɪɟɫɭɪɫɚ.  

 
ɛ)ɚ)

 
Ɋɢɫ. 1. Ʉɚɬɨɞ ɢɡ ɫɩɥɚɜɚ ȼɋȾɉ-γ ɞɨ ɷɤɫɩɥɭɚɬɚɰɢɢ (ɚ) ɢ ɩɨɫɥɟ ɜɵɪɚɛɨɬɤɢ ɪɟɫɭɪɫɚ (ɛ) 
 
ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɨɞɚ (ɪɢɫ. 1, ɛ) – ɷɪɨɡɢɨɧɧɵɟ «ɤɚɧɚɜɤɢ», ɬɨɥɳɢɧɚ ɫɬɟɧɨɤ ɜ ɤɨ-

ɬɨɪɵɯ ɫɨɫɬɚɜɥɹɟɬ <η ɦɦ. ɂɫɩɨɥɶɡɨɜɚɬɶ ɤɚɬɨɞ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɣ ɫ ɬɚɤɢɦ ɭɬɨɧɟɧɢ-
ɟɦ ɫɬɟɧɨɤ ɧɟɞɨɩɭɫɬɢɦɨ ɜɜɢɞɭ ɭɝɪɨɡɵ ɢɯ ɜɵɝɨɪɚɧɢɹ, ɚ ɬɚɤɠɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɪɨɰɟɫɫɚ 
ɷɪɨɡɢɢ ɢ ɪɚɫɩɵɥɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɯɨɥɨɞɧɨɣ ɨɩɪɚɜɤɢ, ɱɬɨ ɩɪɢɜɟɞɟɬ ɤ ɧɚɪɭɲɟɧɢɸ ɯɢɦɢɱɟ-
ɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢ ɫɬɪɭɤɬɭɪɵ ɩɨɤɪɵɬɢɹ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ з(η0–70)% ɞɨɪɨɝɨɫɬɨɹɳɟɝɨ ɤɚɬɨɞ-
ɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢɡɧɚɟɬɫɹ ɧɟɝɨɞɧɵɦ. Ⱦɥɹ ɜɵɩɥɚɜɤɢ ɧɨɜɵɯ ɤɚɬɨɞɨɜ ɟɝɨ ɜɬɨɪɢɱɧɨɟ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨ, ɨɞɧɚɤɨ ɧɟɨɛɯɨɞɢɦɨ ɛɨɥɟɟ ɫɬɪɨɝɨɟ ɫɨɛɥɸɞɟɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨ-
ɫɬɚɜɚ ɞɨ ɢ ɩɨɫɥɟ ɩɟɪɟɩɥɚɜɚ, ɚ ɬɚɤɠɟ ɜ ɪɚɡɧɵɯ ɨɛɥɚɫɬɹɯ ɤɚɬɨɞɚ (ɜɧɭɬɪɟɧɧɢɟ ɢ ɜɧɟɲɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɨɤ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɚɯ ɩɨ ɜɵɫɨɬɟ, ɜɟɪɯɧɢɟ ɢ ɧɢɠɧɢɟ ɬɨɪɰɵ). Ʉɪɨɦɟ 
ɬɨɝɨ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɜɟɥɢɱɟɧɢɹ ɨɛɴɟɦɚ ɡɚɝɨɬɨɜɤɢ ɩɨɞ ɪɚɫɩɵɥɟɧɢɟ ɢ, ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ, ɞɨɛɚɜɥɟɧɢɹ ɲɢɯɬɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɜɵɩɥɚɜɤɟ ɞɨɥɠɧɵ ɫɬɪɨɝɨ ɭɱɢɬɵɜɚɬɶɫɹ 
ɩɪɨɩɨɪɰɢɢ ɦɚɬɟɪɢɚɥɚ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɤɚɬɨɞɚ ɢ ɞɨɛɚɜɥɹɟɦɵɯ ɲɢɯɬɨɜɵɯ ɥɢɝɚɬɭɪ. Ⱦɚɧɧɵɟ 
ɨɩɟɪɚɰɢɢ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɫɥɨɠɧɟɧɢɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɜɵ-
ɩɥɚɜɤɢ ɥɢɬɵɯ ɬɪɭɛɧɵɯ ɤɚɬɨɞɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɤɚɬɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ, 
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ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤ ɩɨɜɵɲɟɧɢɸ ɢɯ ɫɬɨɢɦɨɫɬɢ ɡɚ ɫɱɟɬ ɞɨɛɚɜɥɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɬɟɯɧɨ-
ɥɨɝɢɱɟɫɤɢɯ ɰɢɤɥɨɜ ɢ ɪɚɫɱɟɬɨɜ, ɚ ɬɚɤɠɟ ɤ ɭɜɟɥɢɱɟɧɢɸ ɷɧɟɪɝɨ- ɢ ɬɪɭɞɨɟɦɤɨɫɬɢ. 

Ɉɩɬɢɦɚɥɶɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɪɟɲɟɧɢɟɦ ɦɨɠɟɬ ɫɬɚɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɪɚɛɨ-
ɬɚɜɲɢɯ ɪɟɫɭɪɫ ɤɚɬɨɞɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɆɉɄ ɞɥɹ ɧɚɩɵɥɟɧɢɹ ɧɚ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɟ ɞɟɬɚ-
ɥɢ ȽɌȾ, ɧɚɩɪɢɦɟɪ ɧɚ ɞɟɬɚɥɢ ɫɛɨɪɨɱɧɵɯ ɟɞɢɧɢɰ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ. ɉɪɢ ɷɬɨɦ ɞɨɫɬɚɬɨɱɧɨ 
ɩɪɨɜɟɞɟɧɢɹ ɥɢɲɶ ɨɞɧɨɣ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɩɟɪɚɰɢɢ – ɩɟɫɤɨɫɬɪɭɣɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯ-
ɧɨɫɬɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɦɨɠɧɨ ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɢɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɴ-
ɟɦɚ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɩɪɨɰɟɫɫɚ ɜɵɩɥɚɜɤɢ ɡɚɝɨɬɨɜɤɢ ɩɨɞ ɪɚɫɩɵɥɟɧɢɟ. ɋ ɭɱɟɬɨɦ 
ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɝɨ ɜɵɯɨɞɚ ɝɨɞɧɨɝɨ (ɞɨ 70–8η%) ɩɪɢ ɪɚɡɦɟɪɟ ɰɟɥɟɜɨɣ ɮɪɚɤɰɢɢ ɩɨ-
ɪɨɲɤɚ 20–β00 ɦɤɦ, ɚ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɢɹ ɡɚɬɪɚɬ ɧɚ ɞɨɪɨɝɨɫɬɨɹɳɢɟ ɲɢɯɬɨɜɵɟ ɥɢɝɚɬɭɪɵ, 
ɪɚɫɱɟɬɚ ɢɯ ɩɪɨɩɨɪɰɢɣ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɫɬɨɢɦɨɫɬɶ ɆɉɄ  
ɢ ɩɨɤɪɵɬɢɣ ɦɨɠɟɬ ɫɧɢɡɢɬɶɫɹ ɧɚ β0–40%.  

ɏɢɦɢɱɟɫɤɢɟ ɫɨɫɬɚɜɵ ɆɉɄ, ɩɨɥɭɱɟɧɧɵɯ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɟɦ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɤɚɬɨɞɚ 
ɢ ɪɚɫɩɵɥɟɧɢɟɦ ɲɢɯɬɨɜɨɣ ɡɚɝɨɬɨɜɤɢ, ɤɚɱɟɫɬɜɟɧɧɨ ɧɟ ɨɬɥɢɱɚɸɬɫɹ. Ʉɨɥɢɱɟɫɬɜɟɧɧɵɟ ɧɟɫɨɨɬ-
ɜɟɬɫɬɜɢɹ ɫɨɫɬɚɜɚ ɩɨɪɨɲɤɨɜ ɢɡ ɡɚɝɨɬɨɜɨɤ ɧɟɡɧɚɱɢɬɟɥɶɧɵ ɢ ɧɟ ɩɪɟɜɵɲɚɸɬ η% (ɩɨ ɦɚɫɫɟ), 
ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɵɫɨɤɨɣ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ ɫɨɫɬɚɜɚ. ɏɢɦɢɱɟɫɤɢɟ ɫɨɫɬɚɜɵ ɡɚɝɨɬɨ-
ɜɨɤ ɩɨɞ ɪɚɫɩɵɥɟɧɢɟ ɢ ɩɨɪɨɲɤɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɟɛɨɜɚɧɢɹɦ Ɍɍ1-595-2-1217–2011. 

Ɋɟɡɭɥɶɬɚɬɵ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɨɪɨɲɤɨɜ ɨɬɪɚɠɟɧɵ ɜ ɬɚɛɥɢɰɟ. 
Ƚɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɪɨɲɤɨɜ ɢɞɟɧɬɢɱɟɧ. Ⱦɥɹ ɧɚɩɵɥɟɧɢɹ ɢɫ-
ɩɨɥɶɡɨɜɚɥɢ ɰɟɥɟɜɭɸ ɮɪɚɤɰɢɸ ɪɚɡɦɟɪɨɦ β0–200 ɦɤɦ, ɞɨɥɹ ɤɨɬɨɪɨɣ ɜ ɫɨɫɬɚɜɟ ɆɉɄ 
ɫɨɫɬɚɜɥɹɟɬ 87–88%. 

 
Ƚɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɦɟɬɚɥɥɨɩɨɪɨɲɤɨɜɵɯ ɤɨɦɩɨɡɢɰɢɣ (ɆɉɄ)  

ɢɡ ɫɩɥɚɜɚ ȼɋȾɉ-3 

ɆɉɄ 
Ⱦɨɥɹ ɮɪɚɤɰɢɢ ɜ ɫɨɫɬɚɜɟ ɆɉɄ, %, ɪɚɡɦɟɪɨɦ, ɦɤɦ 
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ɉɨɥɭɱɟɧɧɚɹ ɪɚɫɩɵɥɟɧɢɟɦ  
ɲɢɯɬɨɜɨɣ ɡɚɝɨɬɨɜɤɢ 

13 59 18 7 3 

ɉɨɥɭɱɟɧɧɚɹ ɪɚɫɩɵɥɟɧɢɟɦ  
ɤɚɬɨɞɚ 
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ɍɪɨɜɟɧɶ ɤɢɫɥɨɪɨɞɚ ɢ ɚɡɨɬɚ ɜ ɩɨɪɨɲɤɟ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɪɟɠɢɦɨɜ ɚɬɨɦɢɡɚɰɢɢ ɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɫɬɚɜɨɦ ɪɚɫɩɵɥɹɟɦɵɯ ɡɚɝɨɬɨɜɨɤ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɝɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɆɉɄ, ɩɨɥɭɱɟɧɧɨɣ ɪɚɫɩɵɥɟɧɢɟɦ ɤɚɬɨɞɚ, ɤɨɥɢɱɟɫɬɜɨ ɝɚɡɨɜ ɫɥɟɞɭ-
ɸɳɟɟ, % (ɩɨ ɦɚɫɫɟ): 0,0ββ ɤɢɫɥɨɪɨɞɚ ɢ 0,04γ ɚɡɨɬɚ, ɚ ɜ ɩɨɪɨɲɤɟ, ɩɨɥɭɱɟɧɧɨɦ ɩɨ 
ɫɬɚɧɞɚɪɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ (ɪɚɫɩɵɥɟɧɢɟɦ ɲɢɯɬɨɜɨɣ ɡɚɝɨɬɨɜɤɢ), % (ɩɨ  ɦɚɫɫɟ): 
0,023 ɤɢɫɥɨɪɨɞɚ ɢ 0,044 ɚɡɨɬɚ.  

ɇɚ ɪɢɫ. β ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɪɚɫɩɵ-
ɥɟɧɢɟɦ ɨɬɪɚɛɨɬɚɜɲɟɝɨ ɪɟɫɭɪɫ ɤɚɬɨɞɚ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɫɮɟɪɢɱɟɫɤɭɸ ɮɨɪɦɭ, ɚ ɢɯ ɪɚɡ-
ɦɟɪ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 1η ɞɨ η0 ɦɤɦ. Ⱦɥɹ ɞɚɧɧɵɯ ɱɚɫɬɢɰ ɯɚɪɚɤɬɟɪɧɨ ɦɚɥɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɚ-
ɬɟɥɥɢɬɨɜ ɪɚɡɦɟɪɨɦ 1–η ɦɤɦ, ɱɬɨ, ɜɟɪɨɹɬɧɨ, ɫɜɹɡɚɧɨ ɫ ɜɵɫɨɤɢɦɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɢ ɫɤɨ-
ɪɨɫɬɶɸ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɵɥɹɟɦɨɝɨ ɫɩɥɚɜɚ. Ʉɨɥɢɱɟɫɬɜɨ ɱɚɫɬɢɰ ɫ ɞɟɮɟɤɬɚɦɢ ɭɜɟɥɢ-
ɱɢɜɚɟɬɫɹ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ ɢɯ ɪɚɡɦɟɪɚ. Ɉɞɧɚɤɨ ɫɬɪɭɤɬɭɪɚ, ɮɨɪɦɚ ɢ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɚɧɚɥɨ-
ɝɢɱɧɵ ɬɚɤɨɜɵɦ ɞɥɹ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɪɚɫɩɵɥɟɧɢɟɦ ɫɬɚɧɞɚɪɬɧɨɣ ɲɢɯɬɨ-
ɜɨɣ ɡɚɝɨɬɨɜɤɢ. 

ȼ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɢ ɚɧɚɥɢɡ ɢ ɫɪɚɜɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ 
ɢɡ ɫɩɥɚɜɚ ɏβ0ɇ80 ɫ ɧɚɩɵɥɟɧɧɵɦɢ ɫɥɨɹɦɢ ɢɡ ɫɩɥɚɜɚ ȼɋȾɉ-γ (ɪɢɫ. γ). ɍ ɩɨɥɭɱɟɧɧɵɯ 
ɧɚɩɵɥɟɧɧɵɯ ɫɥɨɟɜ ɬɨɥɳɢɧɨɣ з1η0 ɦɤɦ ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɩɨɪɢɫɬɚɹ ɫɬɪɭɤɬɭɪɚ  
APS-ɩɨɤɪɵɬɢɣ.  
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Ɋɢɫ. β. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (×η00) ɦɟɬɚɥɥɨɩɨɪɨɲɤɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ ɢɡ ɫɩɥɚɜɚ ȼɋȾɉ-3 

 

ɛ)ɚ)

 
Ɋɢɫ. γ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (×100) ɩɨɤɪɵɬɢɣ, ɧɚɧɟɫɟɧɧɵɯ ɧɚɩɵɥɟɧɢɟɦ ɩɨɪɨɲɤɨɜ ɢɡ ɫɩɥɚɜɚ 

ȼɋȾɉ-γ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɫɩɵɥɟɧɢɟɦ ɫɬɚɧɞɚɪɬɧɵɯ ɡɚɝɨɬɨɜɨɤ (ɚ) ɢ ɨɬɪɚɛɨɬɚɜɲɢɯ ɪɟɫɭɪɫ ɤɚɬɨɞɨɜ (ɛ) 
 
Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɩɨɤɪɵɬɢɣ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɪɨɲɤɢ ɢɡ ɫɩɥɚɜɚ 

ȼɋȾɉ-γ, ɩɨɥɭɱɟɧɧɵɟ ɪɚɫɩɵɥɟɧɢɟɦ ɨɬɪɚɛɨɬɚɜɲɢɯ ɪɟɫɭɪɫ ɤɚɬɨɞɨɜ ɢ ɫɬɚɧɞɚɪɬɧɵɯ ɡɚɝɨ-
ɬɨɜɨɤ, ɩɨɡɜɨɥɹɸɬ ɧɚɧɨɫɢɬɶ ɞɨɫɬɚɬɨɱɧɨ ɪɚɜɧɨɦɟɪɧɵɟ ɩɨ ɜɫɟɣ ɬɨɥɳɢɧɟ ɩɨɤɪɵɬɢɹ (ɨɬ-
ɤɥɨɧɟɧɢɟ ɨɬ ɫɪɟɞɧɟɣ ɬɨɥɳɢɧɵ ɩɨɤɪɵɬɢɣ <η%). 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ȼɨ ɎȽɍɉ «ȼɂȺɆ» ɜ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɵ ɡɚɪɭɛɟɠɧɵɦ ɆɉɄ, ɜɨɫɬɪɟɛɨɜɚɧ-
ɧɵɦ ɜ ɪɨɫɫɢɣɫɤɨɦ ɢ ɦɢɪɨɜɨɦ ɝɚɡɨɬɭɪɛɨɫɬɪɨɟɧɢɢ, ɨɪɝɚɧɢɡɨɜɚɧɨ ɩɪɨɢɡɜɨɞɫɬɜɨ ɆɉɄ ɢɡ 
ɫɩɥɚɜɚ ɋȾɉ/ȼɋȾɉ ɞɥɹ ɧɚɩɵɥɟɧɢɹ ɡɚɳɢɬɧɵɯ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɩɨɤɪɵɬɢɣ ɦɟɬɨ-
ɞɨɦ APS. Ɉɬɟɱɟɫɬɜɟɧɧɵɣ ɩɪɨɞɭɤɬ, ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ ɜɤɥɸɱɚɟɬ Re ɢ Hf, ɩɪɟɜɨɫɯɨɞɢɬ ɩɨ 
ɫɜɨɣɫɬɜɚɦ ɡɚɪɭɛɟɠɧɵɟ ɚɧɚɥɨɝɢ. ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɩɵɥɹɟɦɵɯ ɡɚɝɨɬɨɜɨɤ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɬɚɧ-
ɞɚɪɬɧɵɟ ɡɚɝɨɬɨɜɤɢ ɢɡ ɲɢɯɬɨɜɵɯ ɥɢɝɚɬɭɪ ɢ ɨɬɪɚɛɨɬɚɧɧɵɟ ɤɚɬɨɞɵ. 

ɉɨ ɢɬɨɝɚɦ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɪɚɫɩɵɥɹɟɦɵɯ ɡɚɝɨɬɨ-
ɜɨɤ (ɫɬɚɧɞɚɪɬɧɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɲɢɯɬɨɜɵɯ ɥɢɝɚɬɭɪ ɢ ɨɬɪɚɛɨɬɚɧɧɵɯ ɤɚɬɨɞɨɜ), ɚ ɬɚɤɠɟ 
ɩɨɥɭɱɟɧɧɵɯ ɆɉɄ ɭɫɬɚɧɨɜɥɟɧɨ ɫɨɨɬɜɟɬɫɬɜɢɟ ɯɢɦɢɱɟɫɤɢɯ ɫɨɫɬɚɜɨɜ ɬɪɟɛɨɜɚɧɢɹɦ 
Ɍɍ1-595-2-1217–2011. Ɋɚɫɯɨɠɞɟɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɩɨɪɨɲɤɨɜ ɢ ɪɚɫɩɵɥɹɟɦɵɯ 
ɡɚɝɨɬɨɜɨɤ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ (<η%). Ƚɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢɫɫɥɟɞɭɟɦɵɯ ɆɉɄ ɢɞɟɧ-
ɬɢɱɟɧ, ɞɨɥɹ ɰɟɥɟɜɨɣ ɮɪɚɤɰɢɢ ɪɚɡɦɟɪɨɦ β0–β00 ɦɤɦ ɫɨɫɬɚɜɥɹɟɬ 87–88%. 

Ɇɟɬɨɞɨɦ APS ɧɚɧɟɫɟɧɵ ɠɚɪɨɫɬɨɣɤɢɟ ɩɨɪɨɲɤɨɜɵɟ ɩɨɤɪɵɬɢɹ ɢɡ ɫɩɥɚɜɚ ȼɋȾɉ-3 
ɬɨɥɳɢɧɨɣ з1η0 ɦɤɦ. ɉɨɥɭɱɟɧɧɵɟ ɩɨɤɪɵɬɢɹ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɪɚɜɧɨɦɟɪɧɨɫɬɶɸ ɩɨ ɫɬɪɭɤ-
ɬɭɪɟ ɢ ɬɨɥɳɢɧɟ (ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɫɪɟɞɧɟɣ ɬɨɥɳɢɧɵ ɩɨɤɪɵɬɢɣ ɧɟ ɩɪɟɜɵɲɚɟɬ η%). ɇɚɩɵɥɟɧ-
ɧɵɟ ɫɥɨɢ ɬɚɤɠɟ ɨɛɥɚɞɚɸɬ ɬɢɩɢɱɧɨɣ ɞɥɹ ɩɨɪɨɲɤɨɜɵɯ APS-ɩɨɤɪɵɬɢɣ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɨɣ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɡɚɝɨɬɨɜɨɤ ɩɨɞ ɪɚɫɩɵɥɟɧɢɟ ɨɬ-
ɪɚɛɨɬɚɧɧɵɯ ɤɚɬɨɞɨɜ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɷɧɟɪɝɨɡɚɬɪɚɬ ɢ ɬɪɭɞɨ-
ɟɦɤɨɫɬɢ ɩɪɨɰɟɫɫɚ ɩɨɥɭɱɟɧɢɹ ɆɉɄ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ ɫɟɛɟɫɬɨɢɦɨɫɬɶ 
ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ (ɧɚ β0–40%). 
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Ɉɩɢɫɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɬɟɩɥɨɩɪɨ-
ɜɨɞɧɨɫɬɢ ɜɵɫɨɤɨɩɨɪɢɫɬɵɯ ɜɨɥɨɤɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɬɟɩɥɨɜɨɣ ɡɚɳɢɬɵ. ɉɪɢɜɨɞɹɬɫɹ ɪɟ-
ɡɭɥɶɬɚɬɵ ɢ ɧɟɤɨɬɨɪɵɟ ɦɟɬɨɞɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɠɟɫɬ-
ɤɨɣ ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɧɚ ɨɫɧɨɜɟ ɜɨɥɨɤɨɧ ɬɭɝɨɩɥɚɜɤɢɯ ɨɤɫɢɞɨɜ. ɂɫɫɥɟɞɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 
ɢɡɦɟɪɟɧɢɣ ɫ ɭɱɟɬɨɦ ɚɧɢɡɨɬɪɨɩɢɢ ɫɜɨɣɫɬɜ. ɀɟɫɬɤɨɫɬɶ ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɜ ɤɨɧɬɚɤɬɚɯ ɜɨ-
ɥɨɤɨɧ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɜɹɡɭɸɳɢɦ. Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢɡɦɟɪɟɧɚ ɫɬɚɰɢɨɧɚɪɧɵɦ ɦɟɬɨɞɨɦ 
ɧɚ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɨɛɪɚɡɰɚɯ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 20 ɞɨ 1700 °ɋ ɜ ɪɚɡ-
ɥɢɱɧɵɯ ɝɚɡɨɜɵɯ ɫɪɟɞɚɯ. 

Ключевые слова: ɜɨɥɨɤɧɢɫɬɚɹ ɬɟɩɥɨɢɡɨɥɹɰɢɹ, ɢɡɦɟɪɟɧɢɹ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɬɟɩɥɨ-
ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɬɟɩɥɨɡɚɳɢɬɧɵɣ ɦɚɬɟɪɢɚɥ, ɥɟɬɚɬɟɥɶɧɵɣ ɚɩɩɚɪɚɬ. 

 
A.V. Zuev1, Yu.P. Zarichnyak2, D.Ya. Barinov1 
 
MEASUREMENT  OF  THERMOPHYSICAL  
PROPERTIES  RIGID  FIBER  INSULATION 
 

Describes a mathematical model for processing the results of measurements of thermal con-
ductivity of highly porous fibrous materials of thermal protection. The results and some meth-
odological features of measuring the thermal conductivity of rigid thermal insulation based on 
refractory oxide fibers are presented. The possibility of measurements taking into account the 
anisotropy of properties is investigated. The stiffness of the thermal insulation at the fiber con-
tacts is provided by the binder. Thermal conductivity was measured by the stationary method on 
МвХТЧНrТМКХ sКЦpХОs ТЧ К аТНО tОЦpОrКtЮrО rКЧРО ПrШЦ 20 tШ 1700 °C ТЧ ЯКrТШЮs РКsОШЮs ЦОНТК. 

Keywords: fiber thermal insulation, measurements, thermal conductivity, thermophysical 
properties, heat protection material, fly vehicle. 
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ȼɜɟɞɟɧɢɟ 

Ɉɞɧɨ ɢɡ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ ɚɜɢɚɰɢɨɧɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ – 
ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɨɥɟɬɚ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ Д1–γЖ, ɱɬɨ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɪɨɫɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɜɵɡɵɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɬɟɩɥɨɜɨɣ ɡɚɳɢɬɵ ɤɨɧ-
ɫɬɪɭɤɰɢɢ ɚɩɩɚɪɚɬɨɜ Д4, ηЖ. ȼ ɤɚɱɟɫɬɜɟ ɷɮɮɟɤɬɢɜɧɨɣ ɜɧɟɲɧɟɣ ɬɟɩɥɨɜɨɣ ɡɚɳɢɬɵ ɫɤɨɪɨɫɬ-
ɧɵɯ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɵɫɨɤɨɩɨɪɢɫɬɵɯ ɜɨɥɨɤɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ Дθ, 7Ж. ȼɨɥɨɤɧɢɫɬɵɟ ɦɚɬɟɪɢ-
ɚɥɵ ɫɨ ɫɜɹɡɭɸɳɢɦ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɠɟɫɬɤɨɫɬɶɸ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɬɟɩ-
ɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚɞɟɠɧɨ ɮɢɤɫɢɪɨɜɚɬɶ ɜ ɧɢɯ ɞɚɬɱɢɤɢ ɬɟɦɩɟɪɚɬɭɪɵ – ɬɟɪɦɨɩɚɪɵ. Ɉɫɨɛɨɟ 
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ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɤɚɤ ɠɟɫɬɤɨɣ, ɬɚɤ ɢ ɝɢɛɤɨɣ ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɩɨɥɭɱɢɥɢ ɦɚɬɟ-
ɪɢɚɥɵ ɧɚ ɜɨɥɨɤɧɚɯ ɢɡ ɚɦɨɪɮɧɨɝɨ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ. ɋɪɟɞɢ ɞɨɫɬɨɢɧɫɬɜ ɜɵɫɨɤɨɩɨɪɢɫɬɵɯ 
ɜɨɥɨɤɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɫɨɛɨɟ ɦɟɫɬɨ ɡɚɧɢɦɚɸɬ ɧɢɡɤɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɲɢɪɨɤɢɣ 
ɞɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɜɨɣɫɬɜ ɩɪɢ ɦɧɨɝɨɤɪɚɬɧɨɦ ɧɚɝɪɟɜɚɧɢɢ ɢ 
ɨɯɥɚɠɞɟɧɢɢ. 

Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɪɚɛɨɬɵ ɩɨɫɜɹɳɟɧɵ ɪɚɫɱɟɬɧɵɦ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɢɫɫɥɟɞɨ-
ɜɚɧɢɹɦ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɜ ɠɟɫɬɤɢɯ ɜɨɥɨɤɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɚɯ ɫɨ ɫɜɹɡɭɸɳɢɦ Д8–13]. Ⱦɥɹ 
ɨɰɟɧɤɢ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɪɟɡɭɥɶɬɚɬ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɢɫɩɨɥɶɡɭɸɬ, 
ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ, ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɭɩɪɨɳɟɧɢɹɦɢ. ȼ ɞɚɧɧɨɣ 
ɫɬɚɬɶɟ ɩɪɢɜɟɞɟɧɵ ɧɟɤɨɬɨɪɵɟ ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ, ɩɨɞɬɜɟɪɠɞɚɸɳɢɯ ɩɪɢɧɹ-
ɬɵɟ ɞɨɩɭɳɟɧɢɹ, ɢ ɦɨɞɟɥɢ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɟ. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɠɟɫɬɤɢɯ ɜɵɫɨɤɨɩɨɪɢɫɬɵɯ ɜɨɥɨɤɧɢɫɬɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɬɚɰɢɨɧɚɪɧɵɣ ɦɟɬɨɞ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ, ɤɨɬɨɪɚɹ ɪɚ-
ɧɟɟ ɩɪɢɦɟɧɹɥɚɫɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɠɟɫɬɤɨɣ ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɧɚ ɜɨɥɨɤ-
ɧɚɯ ɢɡ ɚɦɨɪɮɧɨɝɨ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ, ɤɚɪɛɢɞɨɜ ɢ ɧɢɬɪɢɞɨɜ ɫɬɚɰɢɨɧɚɪɧɵɦ ɦɟɬɨɞɨɦ ɧɚ ɰɢ-
ɥɢɧɞɪɢɱɟɫɤɢɯ ɨɛɪɚɡɰɚɯ Д9, 10Ж. Ɇɟɬɨɞ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɢɡɦɟɪɹɥɚɫɶ ɬɟɩɥɨɩɪɨɜɨɞ-
ɧɨɫɬɶ, ɧɟɥɶɡɹ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɧɚɡɜɚɬɶ ɦɟɬɨɞɨɦ ɪɚɞɢɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. Ⱦɚɠɟ ɩɪɢ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɨɫɬɢɝɧɭɬɨɣ ɞɥɢɧɟ ɨɛɪɚɡɰɚ γ00–360 ɦɦ ɢ ɟɝɨ ɞɢɚɦɟɬɪɟ ɨɬ 40 ɞɨ θ0 ɦɦ 
ɩɨɥɭɱɢɬɶ ɡɨɧɭ ɨɞɧɨɦɟɪɧɨɝɨ ɪɚɞɢɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɧɟ ɭɞɚɥɨɫɶ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɛ-
ɪɚɡɰɵ ɨɛɥɚɞɚɥɢ ɚɧɢɡɨɬɪɨɩɢɟɣ ɜ ɚɡɢɦɭɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. ɂɡɦɟɪɢɬɟɥɶɧɚɹ ɹɱɟɣɤɚ, ɫɨ-
ɫɬɨɹɳɚɹ ɢɡ θ ɫɟɤɰɢɣ ɩɨ ɞɥɢɧɟ ɨɛɪɚɡɰɚ, ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1, ɚ. Ɉɞɧɚ ɢɡ ɫɟɤɰɢɣ ɪɚɡɪɟɡɚɧɚ 
ɫɢɦɦɟɬɪɢɱɧɨ ɩɨɩɨɥɚɦ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɜɵɞɟɥɢɬɶ ɰɟɧɬɪɚɥɶɧɭɸ ɡɨɧɭ ɜɫɟɣ ɫɛɨɪɤɢ ɞɥɹ 
ɪɚɡɦɟɳɟɧɢɹ ɜ ɧɟɣ ɞɚɬɱɢɤɨɜ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɬɪɟɯ ɰɟɧɬɪɚɥɶɧɵɯ ɫɟɤɰɢɹɯ ɜ ɨɞɧɨɦ ɩɨɩɟ-
ɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɧɚ ɪɚɡɧɵɯ ɪɚɞɢɭɫɚɯ ɪɚɫɩɨɥɨɠɟɧɵ ɬɟɪɦɨɩɚɪɵ (ɪɢɫ. 1, ɛ). ɇɚ ɷɬɨɦ ɪɢ-
ɫɭɧɤɟ ɩɨɤɚɡɚɧ ɨɛɪɚɡɟɰ ɫ ɬɟɪɦɨɩɚɪɚɦɢ ɜ ɬɪɟɯ ɰɟɧɬɪɚɥɶɧɵɯ ɫɟɤɰɢɹɯ, ɜɧɭɬɪɢ  ɤɨɬɨɪɨɝɨ ɜ 
ɨɯɥɚɠɞɚɟɦɵɯ ɬɨɤɨɩɨɞɜɨɞɚɯ ɭɫɬɚɧɨɜɥɟɧ ɧɚɝɪɟɜɚɬɟɥɶ ɜ ɜɢɞɟ ɫɬɟɪɠɧɹ ɢɡ ɦɨɥɢɛɞɟɧɚ. 
Ʉɪɨɦɟ ɬɨɝɨ ɱɬɨ ɬɟɪɦɨɩɚɪɵ ɧɚɯɨɞɹɬɫɹ ɜ ɨɞɧɨɦ ɫɟɱɟɧɢɢ, ɨɧɢ ɝɪɭɩɩɢɪɭɸɬɫɹ ɜ ɞɜɭɯ 
ɧɚɩɪɚɜɥɟɧɢɹɯ – ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɫɠɚɬɢɹ ɩɨɥɭɮɚɛɪɢɤɚɬɚ ɦɚɬɟɪɢɚɥɚ ɫ ɟɳɟ ɧɟɮɢɤɫɢɪɨ-
ɜɚɧɧɵɦɢ ɤɨɧɬɚɤɬɚɦɢ ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɟɦɭ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟ-
ɪɢɬɶ ɧɚ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɨɛɪɚɡɰɚɯ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɫ ɭɱɟɬɨɦ ɚɧɢɡɨɬɪɨɩɢɢ, ɜɨɡɧɢɤɚ-
ɸɳɟɣ ɜ ɠɟɫɬɤɨɣ ɜɨɥɨɤɧɢɫɬɨɣ ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɮɨɪɦɨɜɚɧɢɹ ɫɵɪɨɣ ɜɨɥɨɤ-
ɧɢɫɬɨɣ ɦɚɫɫɵ. 

ɉɪɢ ɢɡɦɟɪɟɧɢɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɫ ɧɢɡɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɧɚ 
ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɨɛɪɚɡɰɚɯ, ɩɨɹɜɢɥɚɫɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɫɱɟɬɚ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɜɞɨɥɶ 
ɨɫɢ ɨɛɪɚɡɰɨɜ, ɬ. ɟ. ɩɪɢɲɥɨɫɶ ɭɱɢɬɵɜɚɬɶ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɨɞɧɨɦɟɪɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ. ɉɨɤɚ-
ɡɚɧɨ, ɱɬɨ ɩɪɢ ɢɡɭɱɟɧɢɢ ɦɚɬɟɪɢɚɥɨɜ ɫ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ 0,0β–0,04 ȼɬ/(ɦ·Ʉ) ɬɟɩɥɨɜɨɣ 
ɩɨɬɨɤ ɜɞɨɥɶ ɨɫɢ ɨɛɪɚɡɰɚ ɫɨɩɨɫɬɚɜɢɦ ɫ ɬɟɩɥɨɜɵɦ ɩɨɬɨɤɨɦ ɜ ɪɚɞɢɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ.  

ɇɚ ɪɢɫ. 1, ɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: Zmi – ɤɨɨɪɞɢɧɚɬɵ ɫɟɱɟɧɢɹ 
ɪɚɡɦɟɳɟɧɢɹ ɬɟɪɦɨɩɚɪ; li – ɞɥɢɧɚ i-ɣ ɫɟɤɰɢɢ ɨɛɪɚɡɰɚ (γ≤i≤η) ɫɨɜɩɚɞɚɟɬ ɫ ɪɚɫɫɬɨɹɧɢɟɦ 
ɦɟɠɞɭ ɩɨɬɟɧɰɢɚɥɶɧɵɦɢ ɨɬɜɨɞɚɦɢ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɸɬ ɩɚɞɟɧɢɟ ɧɚɩɪɹɠɟ-
ɧɢɹ ɧɚ ɧɚɝɪɟɜɚɬɟɥɟ Ui; rɧ, r1 – ɪɚɞɢɭɫɵ ɫɬɟɪɠɧɹ ɧɚɝɪɟɜɚɬɟɥɹ ɢ ɜɧɟɲɧɟɝɨ ɨɛɪɚɡɰɚ;  
φ – ɚɡɢɦɭɬ. 

ȼ ɤɚɱɟɫɬɜɟ ɧɚɝɪɟɜɚɬɟɥɟɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɬɟɪɠɧɢ ɞɢɚɦɟɬɪɨɦ γ ɦɦ ɢɡ ɦɨɥɢɛɞɟɧɚ. 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɜɵɞɟɥɹɟɦɨɝɨ ɜ ɧɚɝɪɟɜɚɬɟɥɟ, ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɨɬɟɧɰɢɚɥɶ-
ɧɵɟ ɨɬɜɨɞɵ ɢ ɢɡɦɟɪɟɧɢɟ ɬɨɤɚ ɩɨ ɫɬɟɪɠɧɸ. Ⱦɥɹ ɪɚɫɱɟɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɬɪɟɯ-ɩɹɬɢ 
ɰɟɧɬɪɚɥɶɧɵɯ ɫɟɤɰɢɹɯ ɨɛɪɚɡɰɚ ɭɫɬɚɧɚɜɥɢɜɚɥɢ ɬɟɪɦɨɩɚɪɵ ɜ ɞɜɭɯ ɜɡɚɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭ-
ɥɹɪɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ − ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɫɠɚɬɢɹ ɩɪɢ ɮɨɪɦɨɜɚɧɢɢ ɫɵɪɨɣ ɦɚɫɫɵ ɜɨɥɨɤɨɧ  
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ɢ ɜ ɩɥɨɫɤɨɫɬɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɫɠɚɬɢɸ. Ⱦɥɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɡɚɜɢɫɢɦɨɫɬɶɸ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɧɚɝɪɟɜɚɬɟɥɹ ɨɬ ɪɚɞɢɭɫɚ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. 
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Ɋɢɫ. 1. ɋɯɟɦɚ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɭɡɥɚ ɭɫɬɚɧɨɜɤɢ ɢ ɜɵɛɨɪɚ ɨɫɟɣ ɤɨɨɪɞɢɧɚɬ (ɚ) ɢ ɨɛɳɢɣ ɜɢɞ  

ɜɚɤɭɭɦɧɨɣ ɤɚɦɟɪɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɨ ɢɡɦɟɪɟɧɢɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɬɟɩɥɨɢɡɨ-
ɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɬɚɰɢɨɧɚɪɧɵɦ ɦɟɬɨɞɨɦ ɧɚ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɨɛɪɚɡɰɚɯ (ɛ) 

 
Ɉɛɨɡɧɚɱɢɦ ɫɟɱɟɧɢɹ ɨɛɪɚɡɰɚ, ɜ ɤɨɬɨɪɵɯ ɪɚɡɦɟɳɟɧɵ ɬɟɪɦɨɩɚɪɵ, ɱɟɪɟɡ zFi≡Zmi 

(ɪɢɫ. 1, ɚ). ɉɪɨɜɟɞɟɦ ɨɰɟɧɤɭ ɩɨɬɟɪɶ ɬɟɩɥɚ ɢɡ ɜɵɛɪɚɧɧɨɝɨ ɫɟɱɟɧɢɹ zF. ɉɨɬɟɪɢ ɬɟɩɥɚ ɢɡ 
ɜɵɛɪɚɧɧɨɝɨ ɫɟɱɟɧɢɹ ɩɪɨɢɫɯɨɞɹɬ ɢ ɜ ɧɚɝɪɟɜɚɬɟɥɟ, ɢ ɜ ɨɛɪɚɡɰɟ. Ɍɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɢɫɩɨɥɶ-
ɡɭɟɦɵɣ ɞɥɹ ɪɚɫɱɟɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɛɪɚɡɰɚ ɜ ɫɟɱɟɧɢɢ zF – Q(zF), ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɢɡ-
ɦɟɪɹɟɦɨɣ ɷɧɟɪɝɢɢ, ɜɵɞɟɥɹɟɦɨɣ ɜ ɷɬɨɦ ɫɟɱɟɧɢɢ ɧɚɝɪɟɜɚɬɟɥɟɦ QF, ɧɚ ɜɟɥɢɱɢɧɭ ɩɨɬɟɪɶ ɩɨ 
ɧɚɝɪɟɜɚɬɟɥɸ  )(ɩɧ FzQ ɢ ɩɨ ɨɛɪɚɡɰɭ ɨɬ ɪɚɞɢɭɫɚ rɧ ɞɨ ɦɟɫɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɵɛɪɚɧɧɨɣ 
ɬɟɪɦɨɩɚɪɵ ɜ ɬɨɱɤɟ F(rF, zF) –  ),(ɩ FFZ zrQ : 

Q(zF)=QF- ɩ
ɧQ (zF)- ɩ

ZQ (rF, zF).     (1) 
Ɉɩɪɟɞɟɥɢɦ ɩɨɬɟɪɢ ɬɟɩɥɚ ɩɨ ɧɚɝɪɟɜɚɬɟɥɸ. Ɉɞɧɨɦɟɪɧɨɟ ɫɬɚɰɢɨɧɚɪɧɨɟ ɭɪɚɜɧɟɧɢɟ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫ ɜɧɭɬɪɟɧɧɢɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɬɟɩɥɚ ɞɥɹ ɧɚɝɪɟɜɚɬɟɥɹ ɢɦɟɟɬ ɜɢɞ  

   ,)(-)(ı)(İ2
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d 44
ɧ0ɨɛɪɧ

ɧ
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ɧ zTzTT

r
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

                             (2) 

0≤r≤rɧ, -L≤z≤L, Tɧ(˃L)=Tɜ, 

ɝɞɟ 
1-

ɨɛɪɧ
ɨɛɪɧ 1-İİ

1
)(İ 





 T  – ɩɪɢɜɟɞɟɧɧɚɹ ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɫɢɫɬɟɦɵ «ɧɚɝɪɟɜɚɬɟɥɶ–ɨɛɪɚɡɟɰ»; 

 Tɧλ  – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɧɚɝɪɟɜɚɬɟɥɹ; 
i

i
i lj

U
T 

ɧ

ɫɪ
ɧ )(ρ – ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɨɫɨɩɪɨ-

ɬɢɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɧɚɝɪɟɜɚɬɟɥɹ; jɧ – ɩɥɨɬɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ; Ui – ɩɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ 
ɧɚ i-ɦ ɭɱɚɫɬɤɟ ɧɚɝɪɟɜɚɬɟɥɹ ɞɥɢɧɨɣ li; L, rɧ – ɞɥɢɧɚ ɢ ɪɚɞɢɭɫ ɧɚɝɪɟɜɚɬɟɥɹ; Ɍɜ – ɬɟɦɩɟɪɚɬɭɪɚ ɨɯɥɚ-
ɠɞɚɸɳɟɣ ɜɨɞɵ; ı0 – ɩɨɫɬɨɹɧɧɚɹ ɋɬɟɮɚɧɚ–Ȼɨɥɶɰɦɚɧɚ. 
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ɉɪɟɞɫɬɚɜɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɝɪɟɜɚɬɟɥɹ ɜ ɜɢɞɟ ɩɨɥɢɧɨɦɚ  

,α)(
1

ɧ  n

i

i
i zzT      (3) 

ɝɞɟ αi – ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɡɥɨɠɟɧɢɹ ɜ ɪɹɞ. 
 

Ɍɨɝɞɚ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ Ɍɧ(z) ɞɥɹ ɭɱɚɫɬɤɚ li=zi+1-zi, ɝɞɟ 1≤i≤γ, ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ 
ɢɡɦɟɪɟɧɢɟ ɩɚɞɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ Ui ɩɪɨɜɨɞɢɬɫɹ, ɧɚɩɪɢɦɟɪ, ɧɚ ɬɪɟɯ ɭɱɚɫɬɤɚɯ ɧɚɝɪɟɜɚɬɟɥɹ 
ɢɦɟɟɬ ɜɢɞ 

.-  ,d)(
1

1ɧ
ɫɪ

1

iii

z

zi
i zzlzzT

l
T

i

i

        (4) 

ɍɜɟɥɢɱɢɜɚɹ ɱɢɫɥɨ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɨɬɜɨɞɨɜ, ɦɨɠɧɨ ɭɜɟɥɢɱɢɬɶ ɱɢɫɥɨ ɱɥɟɧɨɜ ɪɹɞɚ 
(β). Ɉɞɧɚɤɨ ɪɚɫɱɟɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɬɥɢɱɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ, ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɩɨ ɢɡ-
ɦɟɪɟɧɢɸ ɩɚɞɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɬɪɟɯ ɭɱɚɫɬɤɚɯ (i=γ), ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɜɚɪɢɚɧɬɚ i=η ɧɟ ɛɨ-
ɥɟɟ ɱɟɦ ɧɚ (η–7)%, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɝɪɚɧɢɱɢɬɶɫɹ ɢɡɦɟɪɟɧɢɟɦ ɩɚɞɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ 
ɬɪɟɯ ɭɱɚɫɬɤɚɯ ɧɚɝɪɟɜɚɬɟɥɹ. ɂɡɦɟɪɹɹ ɬɨɤ ɧɚɝɪɟɜɚɬɟɥɹ ɢ ɩɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɢɡɜɟɫɬ-
ɧɵɦ ɫɜɨɣɫɬɜɚɦ ɦɚɬɟɪɢɚɥɚ ɧɚɝɪɟɜɚɬɟɥɹ ɢ ɢɫɩɨɥɶɡɭɹ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɜɢɞɚ (γ), ɩɨɥɭ-
ɱɢɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɹɞɚ αi, ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ Ɍɧ(z) ɢ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ : )(ɩɧ FzQ  
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F 


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Ⱦɥɹ ɪɚɫɱɟɬɚ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɜ ɨɛɪɚɡɰɟ Ɍ(r, z) ɩɪɟɞɫɬɚɜɢɦ ɟɝɨ ɜ ɜɢɞɟ ɪɹɞɚ  

,51 ,) ,(
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0 0
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

  
izrQzrT n
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    (6) 

ɝɞɟ Mi – ɱɢɫɥɨ ɬɟɪɦɨɩɚɪ ɜ i-ɣ ɫɟɤɰɢɢ ɨɛɪɚɡɰɚ, ɱɢɫɥɨ ɫɟɤɰɢɣ ɫ ɬɟɪɦɨɩɚɪɚɦɢ η; Qm – ɦɨɳɧɨɫɬɶ. 
 

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɨɛɪɚɡɰɚ:  
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

















zrT
z

T
z

zrT
r

Tr
rr

    (7) 

rɧ≤r≤r1, -L≤z≤L,   , ,-)(ı)(İ) ,()λ(- ɧ
44

ɧ0ɨɛɪɧ rrTzTTzrT
r

T 


  

  , ,-)(ı)(İ) ,()λ(- 1
4
ɜ
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0ɤɚɦɟɪɚɧ rrTzTTzrT

r
T 


  

ɝɞɟ  
1-İİ

1
)(İ

1

ɨɛɪɤɚɦɟɪɚ
ɤɚɦɟɪɚɨɛɪ


 





T – ɩɪɢɜɟɞɟɧɧɚɹ ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɫɢɫɬɟɦɵ «ɜɧɟɲɧɹɹ ɰɢ-

ɥɢɧɞɪɢɱɟɫɤɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɚ–ɜɨɞɨɨɯɥɚɠɞɚɟɦɚɹ (ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɧɤɢ Ɍɜ) ɜɚɤɭɭɦɧɚɹ ɤɚɦɟɪɚ». 
 
ɉɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨ-

ɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɧɚɝɪɟɜɚɬɟɥɹ ɢ ɨɛɪɚɡɰɚ ɦɨɝɭɬ ɛɵɬɶ ɪɟɲɟɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢ ɦɟɬɨɞɨɦ  
ɪɚɡɞɟɥɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ Д14, 1ηЖ. Ɋɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ (β) ɢ (7) ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɜ 
ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

– ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɜ ɧɚɝɪɟɜɚɬɟɥɟ   ;)(λ)(ρ-β)( 22
ɧ

1-ɫɪ
ɧ

ɫɪ
ɧ1ɧ zjTTzT i     (8) 

– ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɜ ɨɛɪɚɡɰɟ 
),βcos()β(β) ,( 4302 zrIzrT      (9) 
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ɝɞɟ βi – ɩɨɫɬɨɹɧɧɵɟ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚ; I0(β3∙r) – ɮɭɧɤɰɢɹ Ȼɟɫɫɟɥɹ ɧɭɥɟɜɨɝɨ ɩɨɪɹɞ-
ɤɚ; jɧ=Iɧ(π· 2

ɧr )-1 – ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɜ ɧɚɝɪɟɜɚɬɟɥɟ. 
 
Ɉɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ – ɡɚɜɢɫɢɦɨɫɬɶ ɨɲɢɛɤɢ ɩɪɢ ɨɩɪɟ-

ɞɟɥɟɧɢɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɡ-ɡɚ ɧɟɭɱɟɬɚ ɩɟɪɟɬɨɤɨɜ ɬɟɩɥɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɛɪɚɡɰɚ (ɪɢɫ. β). ɗɬɨɬ ɪɟɡɭɥɶɬɚɬ ɜ ɜɢɞɟ ɨɬɤɥɨɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɚ ɢɡɦɟ-
ɪɟɧɢɹ, ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨɞɧɨɦɟɪɧɨɝɨ ɪɚɞɢɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɨɛ-
ɪɚɡɰɟ, ɨɬ ɪɟɡɭɥɶɬɚɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɫ ɭɱɟɬɨɦ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜɞɨɥɶ ɨɫɢ z, ɦɨɠɟɬ ɛɵɬɶ 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ ɭɪɚɜɧɟɧɢɣ 

%, 100
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ɝɞɟ λɢɞ(Ɍ) – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜ ɢɞɟɚɥɶɧɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɦ ɨɛɪɚɡɰɟ ɟɫɬɶ ɡɨɧɚ 
ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɞɨɥɶ ɨɫɢ z (ɨɫɟɜɵɟ ɩɨɬɟɪɢ ɬɟɩɥɚ ɩɨ ɧɚɝɪɟɜɚɬɟɥɸ ɢ ɨɛɪɚɡɰɭ ɨɬɫɭɬ-
ɫɬɜɭɸɬ). 
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Ɋɢɫ. β. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɨɲɢɛɤɢ ∆λ(T) ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɪɟɡɭɥɶɬɚɬɚ ɢɡɦɟɪɟɧɢɹ ɨɬ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɛɪɚɡɰɚ λ(T) 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ ɪɢɫ. β, ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɨɲɢɛɤɟ ɧɟ ɛɨɥɟɟ η% ɬɚɤɨɟ ɩɪɢ-

ɛɥɢɠɟɧɢɟ ɜɨɡɦɨɠɧɨ ɩɪɢ ɢɡɭɱɟɧɢɢ ɦɚɬɟɪɢɚɥɨɜ ɫ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ >β ȼɬ/(ɦ∙Ʉ). Ⱦɥɹ 
ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ з0,0η ȼɬ/(ɦ∙Ʉ) ɨɲɢɛɤɚ ɦɨɠɟɬ 
ɫɨɫɬɚɜɥɹɬɶ >80%. 

Ⱦɥɹ ɨɰɟɧɤɢ ɩɟɪɟɬɨɤɨɜ ɬɟɩɥɚ ɜ ɫɟɱɟɧɢɢ z=const ɩɪɢ ɢɡɦɟɪɟɧɢɹɯ ɨɛɪɚɡɰɨɜ ɫ ɚɧɢ-
ɡɨɬɪɨɩɢɟɣ ɫɜɨɣɫɬɜ, ɜɨɡɧɢɤɚɸɳɟɣ ɩɪɢ ɮɨɪɦɨɜɚɧɢɢ ɩɨɥɭɮɚɛɪɢɤɚɬɚ ɩɨ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɨɛɪɚɡɰɚ, ɪɚɫɫɦɨɬɪɢɦ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɞɜɭ-
ɦɟɪɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ. ȼ ɷɬɨɣ ɡɚɞɚɱɟ ɬɟɦɩɟɪɚɬɭɪɚ ɢɡɦɟɧɹɟɬɫɹ ɬɨɥɶɤɨ ɩɨ ɪɚɞɢɭ-
ɫɭ ɢ ɚɡɢɦɭɬɭ Ɍ(r, φ). ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɭ ɨɛɪɚɡɰɚ ɜ ɫɟɱɟɧɢɢ z=const ɦɨɠɧɨ 
ɡɚɩɢɫɚɬɶ ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɷɥɥɢɩɫɨɦ ɜ ɜɢɞɟ  
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ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɷɬɨɝɨ ɫɥɭɱɚɹ: 

,0
)φ,(

)λ(φ
φ

1)φ,(
)φ(λ1

2




















r

rT

rr

rT
r

rr
       (13) 

rɧ≤r≤r1, 0≤φ≤π, 
ɩɪɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ 

r=rɧ: 
r

T 


)λ(- Ɍ(r, φ) = İɩɪ1(Ɍ)∙ı0∙( 4
ɧɌ -Ɍ4(r, φ)); 

r=r1: 
r

T 


)λ(- Ɍ(r, φ) = İɩɪβ(Ɍ)∙ı0∙(Ɍ4(r, φ) - 4
ɫɬɌ ); 

φ= 0˃ :
2

π λ (Ɍ)
φ
 Ɍ (r, φ)=0, 

ɝɞɟ Tɫɬ − ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɧɤɢ; İɩɪ – ɩɪɢɜɟɞɟɧɧɚɹ  ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ. 
 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɢ ɭɫɥɨɜɢɢ ɩɨɫɬɨɹɧɫɬɜɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɚɤɠɟ ɦɨɠɧɨ ɢɫɩɨɥɶ-
ɡɨɜɚɬɶ ɦɟɬɨɞ ɪɚɡɞɟɥɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɢ ɩɨɥɭɱɢɬɶ, ɩɪɢɦɟɧɹɹ ɪɚɡɥɨɠɟɧɢɟ ɜ ɪɹɞ Ɏɭɪɶɟ ɩɨ 
ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɦ ɮɭɧɤɰɢɹɦ ɢ ɢɫɩɨɥɶɡɭɹ ɜ ɤɚɱɟɫɬɜɟ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɷɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ(r1, 0), ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɜɢɞɟ 

Ɍ(r, φ) = T(r1, 0) 


 -Ȥ

1r
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ɝɞɟ ak, bk – ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɡɥɨɠɟɧɢɹ ɜ ɪɹɞ Ɏɭɪɶɟ; T(r1, 0) – ɢɡɦɟɪɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭ-
ɪɵ; ɩɚɪɚɦɟɬɪ Ȥ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ 
 

.1
gradȤ 

T

T
                                     (15) 

Ɍɟɩɥɨɜɨɣ ɩɨɬɨɤ ɜ ɬɨɱɤɟ F(rF, zF, φF) ɛɭɞɟɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɩɨɬɨɤɚ, ɜɯɨɞɹɳɟɝɨ ɜ ɫɟ-
ɱɟɧɢɟ zF ɜ ɧɚɩɪɚɜɥɟɧɢɢ φF ɨɬ ɧɚɝɪɟɜɚɬɟɥɹ ɧɚ ɜɟɥɢɱɢɧɭ ɚɤɫɢɚɥɶɧɵɯ ɩɨɬɟɪɶ ɩ

φQ (rF, zF, φF):  

.
2

πφψ,d
1

φ
φ),(

)λ(ψ-)φ,,(
φ

ɩ
φ

ɧ







  FF

F
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r

FFFF r
r

rT
zrQ

F

            (16) 

ɂɫɩɨɥɶɡɭɟɦ ɜ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɭɫɥɨɜɢɹ ɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɱɬɨ ɪɚɞɢ-
ɚɥɶɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɬɟɥɟ, ɭɫɪɟɞɧɟɧɧɵɣ ɩɨ ɚɡɢɦɭɬɭ φ – ),(rQr  ɛɭɞɟɬ 
ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ – Qr(r), ɧɚ 
ɜɟɥɢɱɢɧɭ ɚɤɫɢɚɥɶɧɵɯ ɩɟɪɟɬɨɤɨɜ ɩ

φQ (r, φ). ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ, ɢɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɹ (14) ɢ 
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(1η), ɩɨɥɭɱɚɟɦ, ɱɬɨ ɞɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɪɚɞɢɚɥɶɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ ɜɵɩɨɥɧɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟ      ,φ/φφį rrr qqq                                           (17) 

    ,
)φ,(
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r
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    .dφ φ
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2φ

2
π

0
 rr qq  

Ɍɨɝɞɚ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɦɨɠɧɨ ɩɨɥɭ-
ɱɢɬɶ ɜ ɜɢɞɟ 

   
.

λλ3

λφλ
4φį

2
max

2
min

min
rq                                           (18) 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 
ɇɚ ɪɢɫ. γ ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɪɚɞɢɚɥɶɧɨɝɨ ɬɟɩ-

ɥɨɜɨɝɨ ɩɨɬɨɤɚ įqr(φ) ɩɪɢ ɪɚɡɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɚɯ ɚɧɢɡɨɬɪɨɩɢɢ k=λmin/λmax. 
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Ɋɢɫ. γ. Ɉɬɧɨɲɟɧɢɟ ɪɚɞɢɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɬɟɥɟ ɤ ɩɨɬɨɤɭ, ɭɫɪɟɞɧɟɧ-

ɧɨɦɭ ɩɨ ɭɝɥɭ     φφφį ɫɪ
r

r
r

q

q
q  , ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɚɧɢɡɨɬɪɨɩɢɢ k=λmin/λmax 

 
ȼɢɞɧɨ, ɱɬɨ, ɨɩɪɟɞɟɥɢɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɤɨɷɮɮɢɰɢɟɧɬ ɚɧɢɡɨɬɪɨɩɢɢ k=λmin/λmax, 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɭɝɨɥ φ, ɪɚɫɩɨɥɚɝɚɹ ɬɟɪɦɨɩɚɪɵ ɜ ɤɨɬɨɪɨɦ, ɦɨɠɧɨ ɩɟɪɟɣɬɢ ɤ ɪɟɲɟɧɢɸ 
ɧɟ ɬɪɟɯ-, ɚ ɞɜɭɦɟɪɧɨɣ ɡɚɞɚɱɢ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɗɬɨ ɦɨɠɟɬ ɫɨ-
ɤɪɚɬɢɬɶ ɜɪɟɦɹ ɧɚ ɨɛɪɚɛɨɬɤɭ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɢ ɢɡɭɱɟɧɢɢ ɫɜɨɣɫɬɜ ɫɟɪɢɢ ɛɥɢɡɤɢɯ ɩɨ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɚɦ ɨɛɪɚɡɰɨɜ. ɋɨɨɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɟɣ ɜɧɭɬɪɢ ɮɢɝɭɪ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ k 
ɧɚ ɪɢɫ. γ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɨɨɬɧɨɲɟɧɢɸ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɚɯ 
ɚɧɢɡɨɬɪɨɩɢɢ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɪɚɞɢɭɫɚ r=r1, ɬɚɤ ɤɚɤ ɜ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɝɪɚɧɢɱ-
ɧɨɝɨ ɭɫɥɨɜɢɹ ɜ ɜɵɪɚɠɟɧɢɢ (1η) ɢɫɩɨɥɶɡɨɜɚɧɨ ɢɡɦɟɪɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɛ-
ɪɚɡɰɟ T(r1, 0). 

ɋɪɚɜɧɢɜɚɹ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɜ ɭɪɚɜɧɟɧɢɹɯ (11) ɞɥɹ λɢɞ ɢ (18), 
ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫɨɨɬɧɨɲɟɧɢɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɝɪɚɮɢɱɟɫɤɢ ɧɚ ɪɢɫ. 4:  
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Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɢ 
ɢɞ

max
1 λ

λ
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min
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λ
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ȼɢɞɧɨ, ɱɬɨ ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ ɫ 0,γ≤k≤1 ɢɡɦɟɪɟɧɢɹ λmax, ɪɚɫɫɱɢɬɚɧɧɵɟ ɜ ɩɪɢɛɥɢɠɟ-
ɧɢɢ ɢɡɨɬɪɨɩɢɢ ɦɚɬɟɪɢɚɥɚ ɨɛɪɚɡɰɚ, ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ λmax ɧɟ ɛɨ-
ɥɟɟ ɱɟɦ ɧɚ ˃10%. ɗɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɞɥɹ 
ɷɤɫɩɪɟɫɫ-ɚɧɚɥɢɡɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

Ɋɚɫɫɦɨɬɪɢɦ ɫɩɪɚɜɟɞɥɢɜɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɜɵɛɪɚɧɧɨɣ ɦɨɞɟɥɢ ɬɟɩɥɨɨɛɦɟɧɚ ɦɟɠɞɭ 
ɧɚɝɪɟɜɚɬɟɥɟɦ ɢ ɨɛɪɚɡɰɨɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɱɢɫɥɟɧɧɵɯ ɪɟɲɟɧɢɣ ɭɪɚɜɧɟɧɢɣ ɬɟɩɥɨɩɪɨ-
ɜɨɞɧɨɫɬɢ ɞɥɹ ɧɚɝɪɟɜɚɬɟɥɹ (β) ɢ ɨɛɪɚɡɰɚ (7). Ɉɛɪɚɡɟɰ ɜɵɫɨɤɨɩɨɪɢɫɬɨɝɨ ɜɨɥɨɤɧɢɫɬɨɝɨ ɦɚ-
ɬɟɪɢɚɥɚ ɩɥɨɬɧɨ ɤɨɧɬɚɤɬɢɪɨɜɚɥ ɫ ɧɚɝɪɟɜɚɬɟɥɟɦ, ɩɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɨɜɚɧɚ ɦɨɞɟɥɶ ɪɚɞɢɚɰɢ-
ɨɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ. ɇɚ ɪɢɫ. η ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɩɪɢ 
ɜɵɛɨɪɟ ɦɨɞɟɥɟɣ ɤɨɧɞɭɤɬɢɜɧɨɝɨ ɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ. ȼɢɞɧɨ, ɱɬɨ ɜɵɛɨɪ ɜ ɤɚ-
ɱɟɫɬɜɟ ɝɪɚɧɢɱɧɨɝɨ ɭɫɥɨɜɢɹ ɦɨɞɟɥɢ ɤɨɧɞɭɤɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ, ɤɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚɬɟɥɹ ɪɚɜɧɚ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɛɪɚɡɰɚ (ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ ɱɟɬɜɟɪɬɨɝɨ ɪɨɞɚ), ɩɪɢɜɨɞɢɬ ɤ ɧɟɪɟɚɥɶɧɨ ɜɵɫɨɤɢɦ ɡɧɚɱɟɧɢ-
ɹɦ ɬɟɦɩɟɪɚɬɭɪɵ.  

ɉɪɢ ɜɵɛɨɪɟ ɦɨɞɟɥɢ ɬɟɩɥɨɨɛɦɟɧɚ ɡɚ ɫɱɟɬ ɢɡɥɭɱɟɧɢɹ ɪɚɫɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɨɬ-
ɥɢɱɚɸɬɫɹ ɨɬ ɢɡɦɟɪɟɧɧɵɯ ɜ ɩɪɟɞɟɥɚɯ ˃10%. Ⱦɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɫɥɭɱɚɹ, ɩɪɢɜɟɞɟɧɧɨɝɨ ɧɚ 
ɪɢɫ. η ɢ ɜ ɬɚɛɥɢɰɟ, ɨɬɤɥɨɧɟɧɢɟ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ˃η,η%, ɱɬɨ ɹɜɥɹɟɬɫɹ ɩɪɢɟɦɥɟɦɵɦ 
ɪɟɡɭɥɶɬɚɬɨɦ. 
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Ɋɢɫ. η. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ ɜ ɬɪɟɯ ɰɟɧɬɪɚɥɶɧɵɯ ɫɟɤɰɢɹɯ ɨɛɪɚɡɰɚ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ ɬɟɪɦɨɩɚɪɵ 

3,0 ( -- ); 3,7(- -) ɢ η,1 ɦɦ (─) 
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Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɦɨɞɟɥɢ ɬɟɩɥɨɨɛɦɟɧɚ ɡɚ ɫɱɟɬ ɢɡɥɭɱɟɧɢɹ 
ɋɟɤɰɢɹ 
ɨɛɪɚɡɰɚ 

Ʉɨɨɪɞɢɧɚɬɵ  
ɬɟɪɦɨɩɚɪɵ 

Ɍɟɦɩɟɪɚɬɭɪɚ, Ʉ Ɉɬɤɥɨɧɟɧɢɟ ɪɚɫɱɟɬɧɵɯ  
ɡɧɚɱɟɧɢɣ ɨɬ ɢɡɦɟɪɟɧɧɵɯ, % ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɪɚɫɱɟɬɧɚɹ 

1 r=γ,0 ɦɦ, z=1β0 ɦɦ 973 942 -3,2 
2 r=γ,7 ɦɦ, z=180 ɦɦ 951 1005 +5,4 
3 r=η,1 ɦɦ, z=β40 ɦɦ 938 922 -1,7 

 
ȼ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɪɢɫ. η ɩɪɢɜɟɞɟɧɵ ɬɪɢ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɦɨɞɟɥɢ ɬɟɩɥɨɨɛɦɟɧɚ 

ɧɚɝɪɟɜɚɬɟɥɹ ɫ ɨɛɪɚɡɰɨɦ ɩɪɢ ɭɫɥɨɜɢɢ ɢɞɟɚɥɶɧɨɝɨ ɤɨɧɬɚɤɬɚ, ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ – ɜ ɭɫɥɨɜɢɹɯ 
ɬɟɩɥɨɨɛɦɟɧɚ ɡɚ ɫɱɟɬ ɢɡɥɭɱɟɧɢɹ. Ɂɧɚɤɨɦ «ɡɜɟɡɞɨɱɤɚ» ɨɬɦɟɱɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚ-
ɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ (ɫɦ. ɬɚɛɥɢɰɭ). 

ɂɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ ɫɥɟɞɭɟɬ, ɱɬɨ ɨɬɤɥɨɧɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ 
ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɨɞɟɥɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɢɡɦɟɪɟɧɧɵɯ ɜ 
ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ. 

ɇɚ ɪɢɫ. θ ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɥɢɹɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɧɚ 
ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɝɪɟɜɚɬɟɥɹ. ȼɢɞɧɨ, ɱɬɨ ɩɪɢ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɬɨɤɟ ɧɚɝɪɟɜɚɬɟɥɹ γβ8 Ⱥ ɟɝɨ 
ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɪɚɫɬɚɟɬ ɜ β ɪɚɡɚ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɨɛɪɚɡɰɚ ɫ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ 
0,1 ȼɬ/(ɦ·Ʉ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɪɚɡɰɨɦ ɫ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɨɬ 10 ɞɨ 100 ȼɬ/(ɦ·Ʉ). ɉɪɢ 
ɷɬɨɦ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɟ, ɨɱɟɜɢɞɧɨ, ɨɬɫɭɬɫɬɜɭɟɬ ɭɱɚɫɬɨɤ, ɝɞɟ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɬɟɦɩɟɪɚ-
ɬɭɪɧɨɟ ɩɨɥɟ ɜ ɧɚɝɪɟɜɚɬɟɥɟ ɢ ɨɛɪɚɡɰɟ ɨɞɧɨɦɟɪɧɵɦ. 
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Ɋɢɫ. θ. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚɬɟɥɹ ɜɧɭɬɪɢ ɬɪɟɯ ɰɟɧɬɪɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɫ ɬɟɪɦɨɩɚ-

ɪɚɦɢ ɨɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɷɬɢɯ ɨɛɪɚɡɰɨɜ, ȼɬ/(ɦ∙Ʉ): 0,1 ( -- ); 1 (– –); 10 (─) ɢ 100 (- -) 
 

ɇɚ ɪɢɫ. 7–9 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɚɧɢɡɨɬɪɨɩɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɜɨɥɨɤɧɚɯ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɢ ɦɭɥɥɢɬɚ ɜ ɜɚɤɭɭɦɟ ɢ ɢɧɟɪɬɧɨɣ ɝɚɡɨɜɨɣ ɫɪɟɞɟ.  
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Ɋɢɫ. 7. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɬɟɪɢɚɥɚ ɧɚ ɜɨɥɨɤɧɚɯ ɢɡ SiO2  

ɩɥɨɬɧɨɫɬɶɸ 140–1η0 ɤɝ/ɦ3: 1, 3, 4 – ɷɤɫɩɟɪɢɦɟɧɬ (1 – ɚɪɝɨɧ 105 ɉɚ; 3 – ɚɡɨɬ 105 ɉɚ; 4 – ɜɚɤɭɭɦ 
10-2 ɉɚ); 2, 5 – ɪɚɫɱɟɬ (2 – ɜɨɡɞɭɯ 105 ɉɚ; 5 – ɜɚɤɭɭɦ 10-2 ɉɚ) 
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Ɋɢɫ. 8. ȼɥɢɹɧɢɟ ɚɧɢɡɨɬɪɨɩɢɢ ɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɬɟɪɢɚɥɚ 

ɧɚ ɜɨɥɨɤɧɚɯ ɢɡ SiO2 ɩɥɨɬɧɨɫɬɶɸ 140–1η0 ɤɝ/ɦ3 (ɷɤɫɩɟɪɢɦɟɧɬ, ɚɪɝɨɧ 105 ɉɚ):   
1 – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɧɚɩɪɚɜɥɟɧɢɸ ɫɠɚɬɢɹ ɩɪɢ ɮɨɪɦɨɜɚɧɢɢ 
ɩɨɥɭɮɚɛɪɢɤɚɬɚ; 2 – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɫɠɚɬɢɹ 
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Ɋɢɫ. 9. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɬɟɪɢɚɥɚ ɧɚ ɜɨɥɨɤɧɚɯ ɢɡ Al2O3∙SiO2: 

1, 3 – ɷɤɫɩɟɪɢɦɟɧɬ ɜ ɫɪɟɞɟ ɚɪɝɨɧɚ ɩɪɢ ɞɚɜɥɟɧɢɢ ɝɚɡɚ 105 ɉɚ; 2, 4 – ɪɚɫɱɟɬ 
 

Ɂɚɤɥɸɱɟɧɢɹ  
Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɫɬɚɰɢɨɧɚɪɧɵɣ ɦɟɬɨɞ ɪɚɞɢɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ (ɦɟɬɨɞ 

«ɰɢɥɢɧɞɪɚ») ɫ ɭɱɟɬɨɦ ɨɫɟɜɵɯ ɩɟɪɟɬɨɤɨɜ ɬɟɩɥɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɲɢɪɨɤɨɝɨ ɤɥɚɫɫɚ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ. 

ɉɪɢ ɪɚɫɱɟɬɟ ɚɤɫɢɚɥɶɧɵɯ ɩɟɪɟɬɨɤɨɜ ɬɟɩɥɚ ɦɟɬɨɞ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɢɡ-
ɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɚɧɢɡɨɬɪɨɩɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ȼɵɜɟɞɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɪɟɲɟɧɢɹ ɢɧɠɟɧɟɪɧɵɯ 
ɡɚɞɚɱ ɬɨɱɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɱɟɬɚ ɩɟɪɟɬɨɤɨɜ ɬɟɩɥɚ ɜ ɢɡɦɟɪɢɬɟɥɶɧɨɣ 
ɡɨɧɟ ɩɪɢ ɢɡɭɱɟɧɢɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ ɢ ɚɧɢɡɨɬɪɨɩɧɵɯ ɦɚɬɟɪɢɚɥɨɜ.  

ɂɡɦɟɪɟɧɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜɵɫɨɤɨɩɨɪɢɫɬɵɯ ɚɧɢɡɨɬɪɨɩɧɵɯ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɜɨɥɨɤɧɚɯ ɬɭɝɨɩɥɚɜɤɢɯ ɨɤɫɢɞɨɜ, ɤɚɪɛɢɞɨɜ ɢ ɧɢɬɪɢɞɨɜ ɜ ɨɛɳɟɦ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ ɨɬ β0 ɞɨ 1700 °ɋ. 

 
Ȼɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɣ ɫɩɢɫɨɤ 

1. Ʉɚɛɥɨɜ ȿ.ɇ. ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɪɚɡɪɚɛɨɬɤɢ ɎȽɍɉ «ȼɂȺɆ» Ƚɇɐ ɊɎ ɩɨ ɪɟɚɥɢɡɚɰɢɢ «ɋɬɪɚɬɟ-
ɝɢɱɟɫɤɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 
β0γ0 ɝɨɞɚ» // Ⱥɜɢɚɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨɝɢɢ. β01η. №1 (γ4). ɋ. γ–33. DOI: 
10.18577/2071-9140-2015-0-1-3-33. 
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2. Ⱦɨɫɩɟɯɢ ɞɥɹ «Ȼɭɪɚɧɚ». Ɇɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨɝɢɢ ȼɂȺɆ ɞɥɹ ɆɄɋ «ɗɧɟɪɝɢɹ–Ȼɭɪɚɧ» / ɩɨɞ 
ɨɛɳ. ɪɟɞ. ȿ.ɇ. Ʉɚɛɥɨɜɚ. Ɇ.: ɇɚɭɤɚ ɢ ɠɢɡɧɶ, β01γ. 1β8 ɫ. 

3. Ʉɚɛɥɨɜ ȿ.ɇ. ɋɬɚɧɨɜɥɟɧɢɟ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɤɨɫɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ // ȼɟɫɬɧɢɤ 
ɊɎɎɂ. β017. №γ. ɋ. 97–105. 

4. ɀɢɬɧɸɤ ɋ.ȼ. Ȼɟɫɤɢɫɥɨɪɨɞɧɵɟ ɤɟɪɚɦɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ (ɨɛ-
ɡɨɪ) // Ɍɪɭɞɵ ȼɂȺɆ. β018. №8 (θ8). ɋɬ. 08. URδ: СЭЭЩ://ааа.ЯТКЦ-worФs.rЮ (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: 
02.12.2020). DOI: 10.18577/2307-6046-2018-0-8-81-88. 

5. ɉɨɥɟɠɚɟɜ ɘ.ȼ., ɘɪɟɜɢɱ Ɏ.Ȼ. Ɍɟɩɥɨɜɚɹ ɡɚɳɢɬɚ. Ɇ.: ɗɧɟɪɝɢɹ, 197θ. γ9β ɫ. 
6. ɂɜɚɯɧɟɧɤɨ ɘ.Ⱥ., Ȼɚɪɭɡɞɢɧ Ȼ.ȼ., ȼɚɪɪɢɤ ɇ.Ɇ., Ɇɚɤɫɢɦɨɜ ȼ.Ƚ. ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɜɨ-

ɥɨɤɧɢɫɬɵɟ ɭɩɥɨɬɧɢɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ // Ⱥɜɢɚɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨɝɢɢ. β017. №S. 
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ȼɨ ɜɬɨɪɨɣ ɱɚɫɬɢ ɨɛɡɨɪɚ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɦɢɪɨɜɨɝɨ ɨɩɵɬɚ ɩɪɨɜɟɞɟɧɢɹ 

ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɬɟɧɞɟɧɰɢɢ ɪɚɡɜɢɬɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ 
ɧɨɜɵɦ ɩɪɢɦɟɧɟɧɢɟɦ ɦɚɬɟɪɢɚɥɨɜ, ɢɯ ɫɨɜɦɟɫɬɢɦɨɫɬɶɸ, ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɰɢɤɥɨɜ 
ɧɚɝɪɭɠɟɧɢɹ, ɭɫɤɨɪɟɧɢɟɦ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ, ɜɨɡɞɟɣɫɬɜɢɟɦ ɝɪɚɞɢɟɧɬɨɜ 
ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ, ɭɱɟɬɨɦ ɭɪɨɜɧɹ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɜ ɤɨɧɤɪɟɬɧɨɣ 
ɦɟɫɬɧɨɫɬɢ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɪɚɡɪɟɲɟɧɢɟɦ, ɢɡɦɟɧɟɧɢɟɦ ɤɥɢɦɚɬɚ, ɧɨɜɵɦɢ ɦɟɬɨɞɚɦɢ 
ɨɰɟɧɤɢ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ ɮɚɤɬɨɪɚɦɢ 
ɜɨɡɞɟɣɫɬɜɢɹ. ɉɨɤɚɡɚɧɚ ɚɤɬɭɚɥɶɧɨɫɬɶ ɤɨɦɩɥɟɤɫɧɵɯ ɢɫɩɵɬɚɧɢɣ ɦɚɬɟɪɢɚɥɨɜ ɧɚ 
ɤɥɢɦɚɬɢɱɟɫɤɭɸ ɢ ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɨɜ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɢɯ 
ɫɜɨɣɫɬɜ. 

Ключевые слова: ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ, ɩɨɥɢɦɟɪɧɵɣ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ, 
ɚɜɢɚɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɨɩɪɟɞɟɥɟɧɢɟ ɫɪɨɤɨɜ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɭɫɤɨɪɟɧɧɵɟ ɤɥɢɦɚɬɢɱɟɫɤɢɟ 
ɢɫɩɵɬɚɧɢɹ, ɝɪɚɞɢɟɧɬ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ. 

 
A.B. Laptev1, M.R. Pavlov1, A.A. Novikov1, A.V. Slavin1 
 
CURRENT  TRENDS  IN  THE  DEVELOPMENT  OF  TESTING  MATERIALS 
FOR  RESISTANCE  TO  CLIMATIC  FACTORS  (review) 
Part  2.  Main  trends 

 
In the second part of the review, based on the analysis of the world experience in conducting 

climate tests, the main development trends related to new applications of materials, their com-
patibility, modeling of loading cycles, acceleration of climate tests, the impact of climate gradi-
ents, taking into account the level of climate factors in a particular area with a minimum resolu-
tion, climate change, new methods for assessing the climatic resistance of materials and biolo-
gical impact factors are identified. The relevance of complex tests of materials for climatic and 
biological resistance with the use of methods for predicting their properties is shown. 

Keywords: climate tests, polymer composite materials, aviation materials, determination of 
service life, accelerated climate tests, gradient of climatic factors. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
State Unitary Enterprise «AХХ-RЮssТКЧ SМТОЧЭТПТМ RОsОКrМС IЧsЭТЭЮЭО ШП AЯТКЭТШЧ εКЭОrТКХs» State Research 
Center of the Russian Federation]; e-mail: admin@viam.ru 

 
ȼɜɟɞɟɧɢɟ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɤɨɦɦɟɪɱɟɫɤɢɟ ɫɚɦɨɥɟɬɵ ɫɞɟɥɚɥɢ ɦɢɪ ɦɟɧɶɲɟ ɛɥɚɝɨɞɚɪɹ 
ɝɥɨɛɚɥɶɧɵɦ ɫɟɬɹɦ ɚɜɢɚɩɟɪɟɥɟɬɨɜ. ɗɬɨ ɜɨɡɦɨɠɧɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɛɨɪɚ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ 
ɛɟɡɨɩɚɫɧɵɯ, ɧɚɞɟɠɧɵɯ ɢ ɩɟɪɟɞɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɫɨɜɪɟɦɟɧɧɵɯ ɜɨɡɞɭɲɧɵɯ ɫɭɞɨɜ ɢ 

                                                                 
1 ɑɚɫɬɶ 1 – ɫɦ. «Ɍɪɭɞɵ ȼɂȺɆ», №1 (95), 2021. 
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ɢɯ ɤɨɦɩɨɧɟɧɬɨɜ. Ɇɚɬɟɪɢɚɥɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɤɨɧɫɬɪɭɤɰɢɢ ɫɚɦɨɥɟɬɚ, 
ɞɨɥɠɧɵ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɜɵɞɟɪɠɢɜɚɬɶ ɩɟɪɟɩɚɞɵ ɬɟɦɩɟɪɚɬɭɪ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ -θ0 ɜ 
ɩɨɥɟɬɟ ɞɨ +η0 °ɋ ɧɚ ɭɪɨɜɧɟ ɡɟɦɥɢ ɢ ɷɤɫɬɪɟɦɚɥɶɧɵɟ ɧɚɝɪɭɡɤɢ, ɚ ɬɚɤɠɟ ɢɦɟɬɶ ɜɵɫɨɤɢɟ 
ɩɨɤɚɡɚɬɟɥɢ ɭɞɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɢ ɠɟɫɬɤɨɫɬɢ [1Ж. ȼ ɨɛɡɨɪɚɯ Д2–5] ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɬɪɟɛɨɜɚɧɢɢ ɤ ɫɨɡɞɚɧɢɸ ɧɨɜɵɯ ɪɟɲɟɧɢɣ ɞɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɨɛɳɟɫɬɜɟɧɧɨɝɨ ɫɩɪɨɫɚ ɧɚ 
ɩɨɜɵɲɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɧɚɞɟɠɧɨɫɬɢ, ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɢ ɞɨɫɬɭɩɧɨɫɬɢ 
ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ.  

ɉɪɨɝɧɨɡ ɇȺɋȺ ɞɥɹ ɫɚɦɨɥɟɬɨɜ XXI ɜ. ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɡɪɚɛɨɬɤɟ ɞɜɢɝɚɬɟɥɶɧɵɯ 
ɭɫɬɚɧɨɜɨɤ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɦɢ, ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɦɢ, ɩɪɚɤɬɢɱɟɫɤɢ 
ɧɟɫɥɵɲɢɦɵɦɢ (ɡɚ ɩɪɟɞɟɥɚɦɢ ɝɪɚɧɢɰ ɚɷɪɨɩɨɪɬɨɜ) ɢ ɢɦɟɸɬ ɩɨɱɬɢ ɧɭɥɟɜɵɟ ɜɪɟɞɧɵɟ 
ɜɵɛɪɨɫɵ (Cτ2 ɢ στx) ɜ ɚɬɦɨɫɮɟɪɭ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɗɬɨ ɬɚɤɢɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ 
ɞɜɢɝɚɬɟɥɢ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɚɞɚɩɬɢɪɨɜɚɬɶɫɹ ɤ ɢɡɦɟɧɹɸɳɢɦɫɹ ɜɧɭɬɪɟɧɧɢɦ ɢ ɜɧɟɲɧɢɦ 
ɭɫɥɨɜɢɹɦ ɞɥɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɱ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɢɥɢ ɩɨɥɧɨɦ ɨɬɫɭɬ-
ɫɬɜɢɢ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɱɟɥɨɜɟɤɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɜɟɤɬɨɪɧɨɣ ɬɹɝɢ ɡɚɦɟɧɢɬ 
ɫɭɳɟɫɬɜɭɸɳɢɟ ɤɨɧɮɢɝɭɪɚɰɢɢ ɞɜɢɝɚɬɟɥɟɣ ɫ 2–4 ɤɪɵɥɶɹɦɢ ɢ ɮɸɡɟɥɹɠɟɦ ɧɚ ɫɚɦɨɥɟɬɵ ɫ 
ɭɜɟɥɢɱɟɧɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɦɚɥɵɯ, ɦɢɧɢ- ɢɥɢ ɦɢɤɪɨɦɨɬɨɪɨɜ. Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɢ ɞɪɭɝɢɟ 
ɢɧɧɨɜɚɰɢɨɧɧɵɟ ɤɨɧɰɟɩɰɢɢ, ɧɚɩɪɢɦɟɪ ɢɦɩɭɥɶɫɧɨ-ɞɟɬɨɧɚɰɢɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ, ɤɨɬɨɪɵɣ 
ɩɨɬɟɧɰɢɚɥɶɧɨ ɦɨɠɟɬ ɡɚɦɟɧɢɬɶ ɨɛɵɱɧɵɟ ɝɚɡɨɬɭɪɛɢɧɧɵɟ ɞɜɢɝɚɬɟɥɢ.  

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜɨɞɨɪɨɞɧɚɹ ɷɤɨɧɨɦɢɤɚ ɩɪɢɜɟɞɟɬ «ɪɟɜɨɥɸɰɢɸ» 
ɞɜɢɝɚɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɤ ɤɨɧɟɱɧɨɣ ɰɟɥɢ – ɛɟɫɲɭɦɧɵɦ ɫɚɦɨɥɟɬɚɦ ɫ ɧɭɥɟɜɵɦ ɭɪɨɜɧɟɦ 
ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɭ, ɚ ɬɚɤɠɟ ɱɬɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɧɚɹ ɬɹɝɚ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ 
ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɚɯ, ɫɝɟɧɟɪɢɪɭɟɬ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ, ɤɨɬɨɪɚɹ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ 
ɛɭɞɟɬ ɩɪɢɜɨɞɢɬɶ ɜ ɞɜɢɠɟɧɢɟ ɞɜɢɝɚɬɟɥɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɠɟɥɚɟɦɨɣ ɬɹɝɢ.  

Ⱥɧɚɥɢɡ ɢɫɬɨɱɧɢɤɨɜ ɩɨɡɜɨɥɢɥ ɪɚɡɞɟɥɢɬɶ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɟɬɨɞɨɜ ɢɫɩɵɬɚ-
ɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɟ ɬɟɧɞɟɧɰɢɢ. 

 
Ɍɟɧɞɟɧɰɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɧɨɜɵɦ ɩɪɢɦɟɧɟɧɢɟɦ ɦɚɬɟɪɢɚɥɨɜ 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɚɪɦɢɪɨɜɚɧɧɵɯ ɜɨɥɨɤɧɚɦɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɄɆ) ɜ 
ɦɨɪɫɤɨɣ ɜɨɞɟ (ɧɚɩɪɢɦɟɪ, ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢɥɢɜɧɵɯ ɬɭɪɛɢɧ ɢ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɷɧɟɪɝɢɢ ɜɨɥɧ) ɫɬɚɧɨɜɢɬɫɹ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɢɡ-ɡɚ ɭɦɟɧɶɲɟɧɢɹ ɦɚɫɫɵ 
ɞɟɬɚɥɟɣ ɢ ɢɯ ɩɨɜɵɲɟɧɧɨɣ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ Д6Ж. Ɉɞɧɚɤɨ ɤɨɝɞɚ ɩɨɥɢɦɟɪɧɵɟ 
ɦɚɬɪɢɱɧɵɟ ɤɨɦɩɨɡɢɬɧɵɟ ɫɬɪɭɤɬɭɪɵ ɩɨɞɜɟɪɝɚɸɬɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɦɨɪɫɤɨɣ ɜɨɞɧɨɣ ɫɪɟɞɵ, 
ɩɪɨɢɫɯɨɞɢɬ ɞɟɝɪɚɞɚɰɢɹ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ, ɜɥɢɹɸɳɚɹ ɧɚ ɧɚɞɟɠɧɨɫɬɶ. Ɂɧɚɱɢɬɟɥɶɧɨɟ ɡɚ-
ɦɟɞɥɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɫɬɚɪɟɧɢɹ ɤɨɦɩɨɡɢɬɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɦɨɪɫɤɨɣ ɜɨɞɟ ɢɦɟɟɬ ɜɚɠɧɨɟ 
ɡɧɚɱɟɧɢɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɢɯ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɫɬɚɪɟɧɢɹ ɜ ɦɨɪɫɤɨɣ ɜɨɞɟ ɩɹɬɢ 
ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɡɢɬɨɜ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɞɜɭɯ ɬɢɩɨɜ ɜɨɥɨɤɧɢɫɬɵɯ ɬɤɚɧɟɣ 
(ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɝɨ ɫɬɟɤɥɚ ɢ ɭɝɥɟɪɨɞɚ) ɢ ɬɪɟɯ ɬɢɩɨɜ ɫɦɨɥ (ɷɩɨɤɫɢɞɧɨɣ, ɜɢɧɢɥɷɮɢɪɧɨɣ 
ɢ ɩɨɥɢɷɮɢɪɧɨɣ), ɧɚ ɢɯ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. Ɉɰɟɧɢɜɚɟɬɫɹ ɩɨɜɟɞɟɧɢɟ ɨɛɪɚɡɰɨɜ ɫ 
ɭɫɤɨɪɟɧɧɵɦ ɫɬɚɪɟɧɢɟɦ ɜ ɦɨɪɫɤɨɣ ɜɨɞɟ, ɩɨɞɜɟɪɝɧɭɬɵɯ ɪɚɫɬɹɝɢɜɚɸɳɢɦ, ɫɠɢɦɚɸɳɢɦ, 
ɢɡɝɢɛɧɵɦ ɢ ɫɞɜɢɝɨɜɵɦ ɧɚɝɪɭɡɤɚɦ. Ɂɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɢɡ-ɡɚ ɫɬɚɪɟɧɢɹ 
ɧɚɛɥɸɞɚɥɨɫɶ ɧɚ ɤɨɦɩɨɡɢɬɚɯ ɫ ɷɩɨɤɫɢɞɧɵɦɢ ɢ ɩɨɥɢɷɮɢɪɧɵɦɢ ɦɚɬɪɢɰɚɦɢ. 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɨɞɨɦ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɜɵɹɜɢɥɨ 
ɨɛɪɚɡɨɜɚɧɢɟ ɬɪɟɳɢɧ, ɪɚɫɫɥɨɟɧɢɟ ɫɜɹɡɭɸɳɟɝɨ, ɪɚɫɫɥɨɟɧɢɟ ɜɨɥɨɤɨɧ ɢ ɤɪɨɲɟɧɢɟ ɫɦɨɥɵ 
ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɦɨɪɫɤɨɣ ɜɨɞɵ. 

 
Ɍɟɧɞɟɧɰɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɫɨɜɦɟɫɬɢɦɨɫɬɶɸ ɦɚɬɟɪɢɚɥɨɜ 

ɇɚɢɛɨɥɟɟ ɨɫɬɪɨ ɜɨɩɪɨɫɵ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ 
ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɜɫɬɚɸɬ ɩɨɫɥɟ ɪɟɦɨɧɬɚ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
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ɤɥɟɟɜɵɯ, ɤɪɟɩɟɠɧɵɯ ɢ ɞɪɭɝɢɯ ɬɢɩɨɜ ɫɨɟɞɢɧɟɧɢɣ. ȼ ɪɚɛɨɬɟ [7Ж ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɧɚ 
ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɪɟɦɨɧɬɧɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ ɩɪɢ ɟɝɨ ɪɟ-
ɦɨɧɬɟ: ɢɫɫɥɟɞɨɜɚɥɢ ɩɪɨɱɧɨɫɬɶ ɫɰɟɩɥɟɧɢɹ, ɫɬɨɣɤɨɫɬɶ ɤ ɢɫɬɢɪɚɧɢɸ/ɷɪɨɡɢɢ, 
ɰɢɤɥɢɱɟɫɤɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɭɫɚɞɤɢ/ɪɚɫɲɢɪɟɧɢɹ, ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɫɠɚɬɢɢ, ɬɟɩɥɨɜɭɸ 
ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɫ ɛɚɡɨɜɵɦ ɛɟɬɨɧɨɦ ɢ ɬ. ɞ. ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ -η0 ɞɨ +40 °ɋ. 
Ɋɚɡɥɢɱɧɵɟ ɫɬɪɨɢɬɟɥɶɧɵɟ ɪɟɦɨɧɬɧɵɟ ɤɨɦɩɨɡɢɰɢɢ (ɜ ɤɨɥɢɱɟɫɬɜɟ 40), ɫɨɫɬɨɹɳɢɟ ɢɡ 
ɩɨɥɢɦɟɪɧɨ-ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɰɟɦɟɧɬɧɵɯ ɪɚɫɬɜɨɪɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɫɬɢɪɨɥ-
ɛɭɬɚɞɢɟɧɨɜɵɣ ɤɚɭɱɭɤ ɢ ɚɤɪɢɥ, ɚ ɬɚɤɠɟ ɷɩɨɤɫɢɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɷɩɨɤɫɢɞɧɵɯ ɷɦɭɥɶɫɢɣ 
ɪɚɡɥɢɱɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ, ɩɨɞɜɟɪɝɚɥɢ ɦɟɯɚɧɢɱɟɫɤɢɦ ɢ ɩɪɨɱɧɨɫɬɧɵɦ ɢɫɩɵɬɚɧɢɹɦ. 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɚɥɢ, ɱɬɨ >θη% (ɫɭɯɨɟ ɨɬɜɟɪɠɞɟɧɢɟ) ɢ 89% (ɜɥɚɠɧɨɟ 
ɨɬɜɟɪɠɞɟɧɢɟ) ɪɚɫɬɜɨɪɨɜ ɢɦɟɥɢ ɩɪɨɱɧɨɫɬɶ ɫɰɟɩɥɟɧɢɹ ɛɨɥɟɟ ɜɵɫɨɤɭɸ, ɱɟɦ ɭ ɷɬɚɥɨɧɧɨɝɨ 
ɰɟɦɟɧɬɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɚ >90% ɪɚɫɬɜɨɪɨɜ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɜ 
ɢɫɩɵɬɚɧɢɢ ɧɚ ɫɬɨɣɤɨɫɬɶ ɤ ɢɫɬɢɪɚɧɢɸ/ɷɪɨɡɢɢ. Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ >80% ɪɚɫɬɜɨɪɨɜ 
ɢɦɟɥɢ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɫɠɚɬɢɢ (84% – ɩɪɢ ɫɭɯɨɦ ɢ 81% – ɩɪɢ ɜɥɚɠɧɨɦ 
ɨɬɜɟɪɠɞɟɧɢɢ), ɱɟɦ ɷɬɚɥɨɧɧɵɣ ɪɚɫɬɜɨɪ. ɉɪɢ ɢɫɩɵɬɚɧɢɢ ɧɚ ɭɫɚɞɤɭ/ɪɚɫɲɢɪɟɧɢɟ ηγ ɢ 
66% ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɪɟɦɨɧɬɧɵɯ ɪɚɫɬɜɨɪɨɜ ɩɨɤɚɡɚɥɢ <0,1η% ɱɢɫɬɨɝɨ ɢɡɦɟɧɟɧɢɹ ɢ 
0,2% ɨɛɳɟɝɨ ɢɡɦɟɧɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɚɤ ɭɤɚɡɚɧɨ ɜ ASTε C9β8. Ɉɞɧɚɤɨ ɜ ɬɟɫɬɟ 
ɧɚ ɬɟɩɥɨɜɭɸ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɫ ɛɚɡɨɜɵɦ ɛɟɬɨɧɨɦ ɬɨɥɶɤɨ γθ% ɪɚɫɬɜɨɪɨɜ ɩɪɨɞɟɦɨɧɫɬɪɢ-
ɪɨɜɚɥɢ ɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɟɝɨ ɜɚɠɧɨɫɬɢ ɢ ɩɪɟɢɦɭɳɟɫɬɜɚɯ ɜ 
ɫɭɪɨɜɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɦɟɧɧɨ ɢɫɩɵɬɚɧɢɟ ɧɚ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɩɪɢ ɩɟɪɟɩɚɞɚɯ ɬɟɦɩɟɪɚɬɭɪ 
ɹɜɥɹɟɬɫɹ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ ɞɥɹ ɜɵɛɨɪɚ ɩɨɞɯɨɞɹɳɢɯ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɪɟɦɨɧɬɧɵɯ 
ɪɚɫɬɜɨɪɨɜ ɟɳɟ ɞɨ ɩɪɨɜɟɞɟɧɢɹ ɤɪɭɩɧɵɯ ɪɟɦɨɧɬɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ ɢ 
ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɦ ɤɪɢɬɟɪɢɟɦ ɨɬɛɨɪɚ ɪɚɫɬɜɨɪɨɜ ɢ ɛɟɬɨɧɨɜ, ɨɫɨɛɟɧɧɨ ɩɨɞɜɟɪɝɚ-
ɸɳɢɯɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɫɭɪɨɜɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ. 

 
Ɍɟɧɞɟɧɰɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɰɢɤɥɨɜ ɧɚɝɪɭɠɟɧɢɹ 

ɉɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɢɫɩɵɬɚɧɢɣ ɞɥɹ ɨɰɟɧɤɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɢ 
ɚɪɦɢɪɨɜɚɧɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɬɨɜ ɞɥɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. 
ɋɬɪɚɬɟɝɢɹ ɨɫɧɨɜɚɧɚ ɧɚ ɨɩɪɟɞɟɥɟɧɢɢ ɧɚɞɟɠɧɨɫɬɢ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ 
ɫɥɭɱɚɣɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɠɟɧɢɹ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɢ 
ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɫɤɚɱɤɨɜ, ɤɨɬɨɪɵɟ ɧɚɤɥɚɞɵɜɚɸɬɫɹ ɧɚ ɞɪɭɝɢɟ ɩɨɫɬɨɹɧɧɵɟ ɡɧɚɱɟɧɢɹ 
ɧɚɩɪɹɠɟɧɢɣ ɢ ɬɟɦɩɟɪɚɬɭɪ. ɑɚɫɬɨɬɚ ɢ ɜɟɥɢɱɢɧɚ ɫɤɚɱɤɨɜ ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɛɭɞɭɬ ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɵ ɞɥɹ ɱɢɫɥɚ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ, 
ɤɨɬɨɪɵɟ ɫɜɹɡɚɧɵ ɫ ɤɨɧɤɪɟɬɧɵɦ ɩɪɨɦɵɲɥɟɧɧɵɦ ɩɪɢɦɟɧɟɧɢɟɦ ɢ ɤɨɬɨɪɵɟ, ɤɚɤ 
ɨɠɢɞɚɟɬɫɹ, ɩɪɨɢɡɨɣɞɭɬ ɜ ɬɟɱɟɧɢɟ ɫɪɨɤɚ ɫɥɭɠɛɵ ɤɨɦɩɨɧɟɧɬɚ Д8].  

 
Ɍɟɧɞɟɧɰɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɭɫɤɨɪɟɧɢɟɦ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ 

ɉɥɚɧ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɫɬɚɪɵɯ ɢ ɫɨɜɪɟɦɟɧɧɵɯ ɡɞɚɧɢɣ ɜɨ ɦɧɨɝɢɯ 
ɝɨɪɨɞɚɯ (ɨɫɨɛɟɧɧɨ ɢɫɬɨɪɢɱɟɫɤɢɯ) ɩɪɢɨɛɪɟɬɚɟɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɢ ɞɨɥɠɟɧ ɜɤɥɸɱɚɬɶ 
ɨɩɪɟɞɟɥɟɧɢɟ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɫɪɟɞɵ, ɜ ɤɨɬɨɪɨɣ ɪɚɫɩɨɥɨɠɟɧɵ ɫɨɨɪɭɠɟɧɢɹ. 
ɂɫɫɥɟɞɨɜɚɬɟɥɢ ɩɵɬɚɸɬɫɹ ɨɰɟɧɢɬɶ ɪɟɚɤɰɢɸ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɜɵɜɟɬɪɢɜɚɧɢɟ 
ɩɭɬɟɦ ɭɫɤɨɪɟɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɧɚ ɫɬɚɪɟɧɢɟ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɱɚɫɬɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ 
ɦɚɬɟɪɢɚɥɵ ɩɨɞɜɟɪɝɚɸɬɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɧɟ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɟɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɬɚɤɨɣ ɬɢɩ 
ɫɬɚɪɟɧɢɹ ɜɵɡɵɜɚɟɬ ɦɧɨɝɨ ɤɪɢɬɢɤɢ.  

ɉɨɢɫɤ ɢɧɮɨɪɦɚɰɢɢ ɨ ɪɟɚɥɢɫɬɢɱɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɜɨɡɞɟɣɫɬɜɢɹ 
ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɣ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ/ɤɥɢɦɚɬɚ ɧɚ ɫɬɪɨɢɬɟɥɶɧɵɟ ɤɚɦɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ 
ɧɟ ɞɚɥ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɷɬɨɦɭ ɩɪɟɞɥɨɠɟɧ ɷɤɫɩɟɪɢɦɟɧɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɥɢɦɚɬɢɱɟɫɤɨɝɨ 
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ɫɬɚɪɟɧɢɹ ɤɚɦɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɪɟɜɧɢɯ ɩɚɦɹɬɧɢɤɨɜ ɋɚɪɞɢɧɢɢ (ɂɬɚɥɢɹ) ɩɭɬɟɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɥɢɦɚɬɢɱɟɫɤɨɝɨ ɤɨɧɬɟɤɫɬɚ ɦɟɫɬɧɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɨɛɪɚɡɰɵ ɩɨɞɜɟɪɝɚɥɢɫɶ 
ɭɫɤɨɪɟɧɧɵɦ ɢɫɩɵɬɚɧɢɹɦ ɧɚ ɫɬɚɪɟɧɢɟ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɨɦ ɰɢɤɥɟ ɢ ɩɪɢ ɜɨɡ-
ɞɟɣɫɬɜɢɢ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɟɚɥɢɫɬɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɫɪɟɞɢɡɟɦɧɨɦɨɪɫɤɨɝɨ ɤɥɢɦɚɬɚ. Ɇɨɧɢɬɨɪɢɧɝ ɧɟɤɨɬɨɪɵɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɞɨ ɢ ɩɨɫɥɟ ɫɬɚɪɟɧɢɹ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɬɫɥɨɟɧɢɢ ɦɚɬɟɪɢɚɥɚ ɨɛɪɚɡɰɨɜ, ɩɨɹɜɥɟɧɢɢ 
ɦɟɥɤɨɣ ɫɟɬɤɢ ɬɪɟɳɢɧ ɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɭɯɭɞɲɟɧɢɢ ɢɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 
ɉɨɫɬɪɨɟɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ, ɤɨɬɨɪɨɟ ɫɜɹɡɵɜɚɟɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɢɫɩɵɬɚɧɢɹ ɧɚ ɫɬɚɪɟɧɢɟ (θ ɦɟɫ) ɫ ɝɢɩɨɬɟɬɢɱɟɫɤɢɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ, 
ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɫɨɫɬɚɜɥɹɸɳɢɦ з18 ɥɟɬ – ɞɥɹ ɨɛɪɚɡɰɨɜ, ɷɜɨɥɸɰɢɨɧɢɪɨɜɚɜɲɢɯ ɜ ɰɢɤɥɚɯ 
ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɥɚɠɧɨɫɬɢ, ɢ зγ,7 ɝɨɞɚ – ɞɥɹ ɨɛɪɚɡɰɨɜ, ɩɨɞɜɟɪɝɚɜɲɢɯɫɹ ɬɨɥɶɤɨ 
ɫɨɥɧɟɱɧɨɦɭ ɢɡɥɭɱɟɧɢɸ. Ɉɞɧɚɤɨ ɬɟɫɬ ɞɨɥɠɟɧ ɜɨɫɩɪɨɢɡɜɨɞɢɬɶɫɹ ɜ ɟɫɬɟɫɬɜɟɧɧɨɣ 
ɧɚɪɭɠɧɨɣ ɫɪɟɞɟ ɞɥɹ ɤɨɪɪɟɥɹɰɢɢ ɢ ɩɪɨɜɟɪɤɢ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ [9]. 

ȼ ɪɚɛɨɬɟ Д10Ж ɬɚɤɠɟ ɫɨɨɛɳɚɟɬɫɹ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ ɜɨ ɜɪɟɦɟɧɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɟɪɢɨɞɢɱɧɨɫɬɢ 
ɜɨɡɞɟɣɫɬɜɢɹ ɢ ɜɟɥɢɱɢɧɵ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ. Ⱦɥɹ ɷɬɨɝɨ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ: 
– ɪɚɡɪɚɛɨɬɤɚ ɤɪɢɬɟɪɢɟɜ ɨɰɟɧɤɢ ɢɡɦɟɧɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɦɚɬɟɪɢɚɥɚ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɢ ɩɟɪɢɨɞɢɱɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ; 
– ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɧɟɨɛɯɨɞɢɦɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɭɫɥɨɜɢɣ ɢɯ ɩɪɨɜɟɞɟɧɢɹ ɞɥɹ 

ɩɨɫɬɪɨɟɧɢɹ ɚɞɟɤɜɚɬɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɨɜɟɞɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜɨ ɜɪɟɦɟɧɢ ɫ 
ɡɚɞɚɧɧɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ɩɨɥɭɱɚɟɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ; 
– ɪɚɡɪɚɛɨɬɤɚ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ ɪɚɫɱɟɬɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɜɜɟɞɟɧɢɢ ɞɚɧɧɵɯ ɩɨɥɟɬɧɨɝɨ ɰɢɤɥɚ, ɩɟɪɢɨɞɢɱɧɨɫɬɢ ɯɪɚɧɟɧɢɹ, 
ɩɚɪɚɦɟɬɪɨɜ ɤɥɢɦɚɬɚ ɧɚ ɩɟɪɢɨɞ ɩɪɨɝɧɨɡɚ. 

 
Ɍɟɧɞɟɧɰɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɜɨɡɞɟɣɫɬɜɢɟɦ ɝɪɚɞɢɟɧɬɨɜ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ 

Ⱦɥɹ ɞɨɪɨɠɧɵɯ ɩɨɤɪɵɬɢɣ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɬɚɤɨɣ ɦɟɬɨɞ ɤɥɢɦɚɬɢɱɟɫɤɢɯ 
ɢɫɩɵɬɚɧɢɣ, ɤɚɤ ɡɚɦɨɪɚɠɢɜɚɧɢɟ/ɨɬɬɚɢɜɚɧɢɟ ɫ ɪɚɡɥɢɱɧɨɣ ɫɤɨɪɨɫɬɶɸ ɢɡɦɟɧɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪ. ȼ ɨɛɡɨɪɟ Д11Ж ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ ɜ ɡɨɧɚɯ ɜɥɚɠɧɨɝɨ ɦɨɪɨɡɧɨɝɨ ɤɥɢɦɚɬɚ ɢ ɜɧɟɞɪɟɧɢɹ ɧɨɜɵɯ 
ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɷɬɢɯ ɡɨɧ. 

ȼ ɢɫɫɥɟɞɨɜɚɧɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɜ ɫɬɚɬɶɟ Д12Ж, ɜɵɹɜɥɹɸɬɫɹ ɥɭɱɲɢɟ ɩɪɚɤɬɢɤɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɛɟɬɨɧɧɵɯ ɩɨɤɪɵɬɢɣ ɜ ɭɫɥɨɜɢɹɯ ɜɥɚɠɧɨɝɨ ɦɨɪɨɡɧɨɝɨ 
ɤɥɢɦɚɬɚ, ɚɧɚɥɨɝɢɱɧɨɝɨ ɤɥɢɦɚɬɭ ɲɬɚɬɚ Ɇɢɱɢɝɚɧ.  

ɇɚɢɥɭɱɲɚɹ ɩɪɚɤɬɢɤɚ ɞɥɹ ɨɰɟɧɤɢ ɛɟɬɨɧɧɵɯ ɩɨɤɪɵɬɢɣ – ɷɬɨ ɧɚɬɭɪɧɵɟ ɢɫɩɵɬɚɧɢɹ, 
ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɜ ɤɚɱɟɫɬɜɟ ɫɬɚɧɞɚɪɬɚ, ɩɪɢɝɨɞɧɨɝɨ ɞɥɹ ɲɢɪɨɤɨɝɨ ɜɧɟɞɪɟɧɢɹ. Ɍɟɦ ɧɟ 
ɦɟɧɟɟ ɜɧɟɞɪɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ ɬɪɟɛɭɟɬ ɛɵɫɬɪɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɢɡɦɟɧɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɤɥɢɦɚɬɚ, ɩɨɷɬɨɦɭ ɜ ɪɚɛɨɬɟ ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɨɪɨɠɧɵɯ 
ɩɨɤɪɵɬɢɣ ɧɚ ɜɨɡɞɟɣɫɬɜɢɟ ɢɡɦɟɧɹɸɳɢɯɫɹ ɩɚɪɚɦɟɬɪɨɜ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɥɚɠɧɨɫɬɢ, ɬ. ɟ. 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɚ ɢɡɦɟɧɟɧɢɟ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ ɩɪɨɜɨɞɢɬɶɫɹ ɧɟ 
ɬɨɥɶɤɨ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɩɨɫɬɨɹɧɧɨ ɞɟɣɫɬɜɭɸɳɢɯ ɮɚɤɬɨɪɨɜ, ɧɨ ɢ ɩɪɢ ɢɯ ɢɡɦɟɧɟɧɢɢ – 
ɝɪɚɞɢɟɧɬɟ. ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɧɟ ɬɨɥɶɤɨ ɨɩɵɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɢɡɭɱɟɧɢɹ ɫɜɨɣɫɬɜ 
ɞɨɪɨɠɧɵɯ ɩɨɤɪɵɬɢɣ, ɧɨ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɜɵɩɨɥɧɟɧɧɵɟ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɩɨɥɢɦɟɪɧɵɦ 
ɄɆ, ɝɟɪɦɟɬɢɤɚɦ ɢ ɪɟɡɢɧɚɦ, ɬ. ɟ. ɤɨ ɜɫɟɦ ɦɚɬɟɪɢɚɥɚɦ, ɫɤɥɨɧɧɵɦ ɤ ɜɥɚɝɨɧɚɫɵɳɟɧɢɸ. 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɜɥɚɝɢ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɜɥɢɹɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ 
ɜɥɚɠɧɨɫɬɢ ɤɚɤ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɢɦɟɪɨɜ ɩɪɢɜɟɞɟɧɨ ɜ ɪɚ-
ɛɨɬɟ [13].  
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Ɍɟɧɞɟɧɰɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɭɱɟɬɨɦ ɭɪɨɜɧɹ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ  
ɜ ɤɨɧɤɪɟɬɧɨɣ ɦɟɫɬɧɨɫɬɢ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɪɚɡɪɟɲɟɧɢɟɦ 
Ɋɚɛɨɬɵ, ɩɨɫɜɹɳɟɧɧɵɟ ɩɨɫɬɪɨɟɧɢɸ ɦɨɞɟɥɟɣ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ 

ɦɚɬɟɪɢɚɥɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɢɡɦɟɧɹɸɳɢɯɫɹ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ Д14], ɢɦɟɸɬ 
ɥɨɝɢɱɧɨɟ ɩɪɨɞɨɥɠɟɧɢɟ – ɩɨɥɭɱɟɧɢɟ ɛɨɥɟɟ ɬɨɱɧɵɯ ɩɪɨɝɧɨɡɨɜ ɜ ɫɜɹɡɢ ɫ ɛɨɥɟɟ ɬɨɱɧɵɦɢ 
ɩɪɨɝɧɨɡɚɦɢ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɫɥɭɠɛ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɪɚɫɱɟɬɨɜ ɢ ɩɪɹɦɵɯ ɢɡɦɟɪɟɧɢɣ 
ɫɨɡɞɚɸɬɫɹ ɬɟɩɥɨɜɵɟ ɤɚɪɬɵ ɫ ɬɨɱɧɨɫɬɶɸ ɢɡɦɟɪɟɧɢɹ (ɪɚɫɱɟɬɚ) ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɫ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɪɚɡɪɟɲɟɧɢɟɦ ɞɨ 1 ɦ ɞɥɹ ɛɨɥɟɟ ɩɨɥɧɨɝɨ ɭɱɟɬɚ ɢɡɦɟɧɟɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ. ɇɚɩɪɢɦɟɪ, ɜ ɇɢɞɟɪɥɚɧɞɚɯ ɦɭɧɢɰɢɩɚɥɢɬɟɬɵ ɩɪɨɜɨɞɹɬ 
ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɫɬɪɟɫɫ-ɬɟɫɬɵ ɞɥɹ ɢɡɭɱɟɧɢɹ ɜɨɡɞɟɣɫɬɜɢɹ ɬɟɩɥɚ, ɜɵɞɟɥɹɟɦɨɝɨ ɩɪɨɯɨɠɢɦɢ 
[15Ж. Ⱦɨ ɫɢɯ ɩɨɪ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦ ɦɟɲɚɥɨ ɨɛɢɥɢɟ ɝɨɪɨɞɫɤɢɯ ɬɟɩɥɨɜɵɯ ɤɚɪɬ, 
ɫɨɫɬɚɜɥɟɧɧɵɯ ɪɚɡɧɵɦɢ ɜɟɞɨɦɫɬɜɚɦɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɦɟɬɪɢɤ ɢ ɦɟɬɨɞɨɜ. 
Ⱦɥɹ ɭɧɢɮɢɰɢɪɨɜɚɧɢɹ ɫɬɪɟɫɫ-ɬɟɫɬɨɜ ɜ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɟɬɨɞɨɥɨɝɢɹ ɫɨɫɬɚɜɥɟɧɢɹ 
ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɣ ɝɨɪɨɞɫɤɨɣ ɬɟɩɥɨɜɨɣ ɤɚɪɬɵ ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɪɚɡɪɟɲɟɧɢɟɦ 1 ɦ. 
ȼ ɤɚɱɟɫɬɜɟ ɦɟɬɪɢɤɢ ɬɟɩɥɨɜɨɝɨ ɫɬɪɟɫɫɚ ɜɵɛɪɚɧɚ ɮɢɡɢɱɟɫɤɚɹ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 
(ɎɗɌ). 

ɉɪɟɞɫɬɚɜɥɟɧɚ ɷɦɩɢɪɢɱɟɫɤɚɹ ɪɟɝɪɟɫɫɢɨɧɧɚɹ ɦɨɞɟɥɶ ɞɥɹ ɎɗɌ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ 
ɪɚɡɥɢɱɧɵɯ ɩɨɝɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɭɥɢɰ ɜ ɦɨɞɟɥɢ ɛɚɥɚɧɫɚ 
ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɱɟɥɨɜɟɤɚ RКвЦКЧ. Ɂɚɬɟɦ ɷɬɚ ɷɦɩɢɪɢɱɟɫɤɚɹ ɎɗɌ-ɦɨɞɟɥɶ ɨɰɟɧɟɧɚ ɞɥɹ 
ɝ. ȼɚɝɟɧɢɧɝɟɧ (ɇɢɞɟɪɥɚɧɞɵ). ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɦɨɞɟɥɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 
ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɟ ɧɚɛɥɸɞɟɧɢɹ, ɫɞɟɥɚɧɧɵɟ ɧɚ ɛɥɢɡɥɟɠɚɳɟɦ ɷɬɚɥɨɧɧɨɦ ɭɱɚɫɬɤɟ, ɢ 
ɩɪɨɫɬɵɟ ɝɟɨɝɪɚɮɢɱɟɫɤɢɟ ɞɚɧɧɵɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢɦɟɧɟɧɵ ɢ ɪɚɡɪɚɛɨɬɚɧɵ ɭɫɬɨɹɜɲɢɟɫɹ 
ɦɟɬɨɞɵ ɭɱɟɬɚ ɷɮɮɟɤɬɚ ɥɨɤɚɥɶɧɨɝɨ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɢ ɫɧɢɠɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɜ 
ɝɨɪɨɞɟ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɦɟɬɨɞ ɜɚɥɢɞɢɪɨɜɚɧ ɧɚ ɨɫɧɨɜɟ ɧɚɛɥɸɞɟɧɢɣ ɜɟɥɨɫɢɩɟɞɧɨɝɨ 
ɬɪɚɜɟɪɫɚ ɎɗɌ. ɋɤɨɪɨɫɬɶ ɜɟɬɪɚ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɨɣ ɮɭɧɤɰɢɟɣ ɞɥɹ ɨɬɨɛɪɚɠɟɧɢɹ 
ɢɡ-ɡɚ ɟɝɨ ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɢ ɥɨɤɚɥɶɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ɜ ɝɨɪɨɞɚɯ. Ɍɟɦ ɧɟ ɦɟɧɟɟ ɜ ɪɚɛɨɬɟ Д15] 
ɩɨɤɚɡɚɧɨ ɷɮɮɟɤɬɢɜɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɜɨɣ ɤɚɪɬɵ ɝɨɪɨɞɚ. 

Ʌɨɤɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨɛ ɭɪɨɜɧɟ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɩɨɡɜɨɥɹɬ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ 
ɫɪɨɤɢ ɫɨɯɪɚɧɹɟɦɨɫɬɢ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɫɬɚɰɢɨɧɚɪɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɨɛɴɟɤɬɨɜ. 
ȼ ɫɬɚɬɶɟ [16Ж ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ ɨɩɪɟɞɟɥɟɧɵ 
ɨɫɧɨɜɧɵɟ ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɩɨɥɢɦɟɪɟ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɜɥɚɝɢ ɢ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ. ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɨɜ ɤɜɚɧɬɨɜɨɣ ɯɢɦɢɢ ɞɥɹ ɪɚɫɱɟɬɨɜ ɷɧɟɪɝɢɢ ɜɨɡɞɟɣɫɬɜɢɹ 
ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɢ ɪɚɡɪɵɜ ɫɜɹɡɟɣ ɦɟɠɞɭ ɢ ɜɧɭɬɪɢ ɦɨɥɟɤɭɥ ɜ 
ɩɨɥɢɦɟɪɧɨɦ ɄɆ ɞɥɹ ɪɚɧɠɢɪɨɜɚɧɢɹ ɮɚɤɬɨɪɨɜ ɩɨ ɫɬɟɩɟɧɢ ɞɟɫɬɪɭɤɬɢɪɭɸɳɟɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ. ɉɨɫɬɪɨɟɧɚ ɦɨɞɟɥɶ ɩɨɥɢɦɟɪɚ ɩɨɥɢɷɬɢɥɟɧɬɟɪɟɮɬɚɥɚɬɚ (ɥɚɜɫɚɧɚ), ɧɚ 
ɩɪɢɦɟɪɟ ɤɨɬɨɪɨɣ ɪɚɫɫɱɢɬɚɧɨ ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɫɢɫɬɟɦɵ 
ɢɡ 2–3 ɩɨɥɢɦɟɪɧɵɯ ɦɨɥɟɤɭɥ ɩɨɥɢɷɬɢɥɟɧɬɟɪɟɮɬɚɥɚɬɚ. Ɋɚɡɪɚɛɨɬɚɧɚ ɤɢɧɟɬɢɱɟɫɤɚɹ 
ɦɨɞɟɥɶ ɫɬɚɪɟɧɢɹ ɩɨɥɢɷɬɢɥɟɧɬɟɪɟɮɬɚɥɚɬɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɭɜɟɥɢɱɟɧɢɹ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ 
ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ. 

 
Ɍɟɧɞɟɧɰɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɡɦɟɧɟɧɢɟɦ ɤɥɢɦɚɬɚ 

ɉɨɫɤɨɥɶɤɭ ɩɨɫɥɟɞɫɬɜɢɹ ɢɡɦɟɧɟɧɢɹ ɤɥɢɦɚɬɚ ɛɭɞɭɬ ɨɳɭɳɚɬɶɫɹ ɧɚɢɛɨɥɟɟ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɱɟɪɟɡ ɢɡɦɟɧɟɧɢɹ ɜ ɜɨɞɨɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɢ ɜɨɞɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, 
ɧɟɨɛɯɨɞɢɦɵ ɚɞɟɤɜɚɬɧɵɟ ɢɧɫɬɪɭɦɟɧɬɵ ɞɥɹ ɩɨɞɞɟɪɠɤɢ ɪɟɲɟɧɢɣ ɩɨ ɭɱɟɬɭ ɮɚɤɬɨɪɚ 
ɜɥɚɠɧɨɫɬɢ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɦɚɬɟɪɢɚɥɨɜ. 

ȼ ɪɚɛɨɬɟ [17] ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɟɯɚɧɢɡɦ ɜɨɡɞɟɣɫɬɜɢɹ ɪɢɫɤɨɜ ɢɡɦɟɧɟɧɢɹ ɤɥɢɦɚɬɚ 
ɧɚ ɮɢɧɚɧɫɨɜɵɟ ɩɨɤɚɡɚɬɟɥɢ ɤɨɪɩɨɪɚɰɢɣ ɩɨ ɩɪɹɦɵɦ ɢ ɤɨɫɜɟɧɧɵɦ ɩɨɬɟɪɹɦ. 
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ɗɦɩɢɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɢɡɦɟɧɟɧɢɟɦ 
ɤɥɢɦɚɬɚ ɢ ɮɢɧɚɧɫɨɜɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɤɨɦɩɚɧɢɣ.  

Ɋɚɫɱɟɬ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɪɢɫɤɨɜ ɫ ɭɱɟɬɨɦ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɬɟɤɭɳɢɯ ɝɥɨɛɚɥɶɧɵɯ 
ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɩɪɨɝɧɨɡɨɜ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɨɥɟɣ ɜɟɪɨɹɬɧɨɫɬɢ 
ɥɨɤɚɥɢɡɨɜɚɧɧɵɟ ɨɰɟɧɤɢ ɭɹɡɜɢɦɨɫɬɢ ɜɨɞɧɵɯ ɪɟɫɭɪɫɨɜ ɜ ɭɫɥɨɜɢɹɯ ɢɡɦɟɧɟɧɢɹ ɤɥɢɦɚɬɚ. 

ɉɪɨɦɵɲɥɟɧɧɨɫɬɶ (ɨɫɨɛɟɧɧɨ ɝɨɪɧɨɞɨɛɵɜɚɸɳɚɹ ɨɬɪɚɫɥɶ) ɩɨɞɜɟɪɠɟɧɚ ɪɢɫɤɚɦ, 
ɫɜɹɡɚɧɧɵɦ ɫ ɢɡɦɟɧɟɧɢɹɦɢ ɤɥɢɦɚɬɚ. ȼ ɫɬɚɬɶɟ Д1θЖ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɟɯɚɧɢɡɦ 
ɜɨɡɞɟɣɫɬɜɢɹ ɬɚɤɢɯ ɪɢɫɤɨɜ ɧɚ ɮɢɧɚɧɫɨɜɵɟ ɩɨɤɚɡɚɬɟɥɢ ɤɨɪɩɨɪɚɰɢɣ ɩɨ ɩɪɹɦɵɦ ɢ 
ɤɨɫɜɟɧɧɵɦ ɩɪɢɡɧɚɤɚɦ. ɂɫɩɨɥɶɡɭɸɬɫɹ ɭɧɢɤɚɥɶɧɵɟ ɞɚɧɧɵɟ – ɢɧɞɢɤɚɬɨɪɵ ɤɥɢɦɚɬɢɱɟɫɤɢɯ 
ɪɢɫɤɨɜ ɫ ɩɹɬɶɸ ɬɢɩɚɦɢ ɫɰɟɧɚɪɢɟɜ ɢɡɦɟɧɟɧɢɹ ɤɥɢɦɚɬɚ – ɞɥɹ ɚɧɚɥɢɡɚ ɜɥɢɹɧɢɹ ɞɚɧɧɵɯ 
ɪɢɫɤɨɜ ɧɚ ɤɨɬɢɪɭɸɳɢɟɫɹ ɧɚ ɛɢɪɠɟ ɚɤɰɢɢ ɦɢɧɟɪɚɥɶɧɨ-ɫɵɪɶɟɜɵɯ ɤɨɦɩɚɧɢɣ Ʉɢɬɚɹ.  

ɗɦɩɢɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɢɡɦɟɧɟɧɢɟɦ 
ɤɥɢɦɚɬɚ ɢ ɮɢɧɚɧɫɨɜɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɝɨɪɧɨɞɨɛɵɜɚɸɳɢɯ ɤɨɦɩɚɧɢɣ. Ɉɞɧɚɤɨ 
ɝɨɪɧɨɞɨɛɵɜɚɸɳɢɟ ɤɨɦɩɚɧɢɢ ɫ ɪɚɡɥɢɱɧɵɦɢ ɜɢɞɚɦɢ ɪɟɫɭɪɫɨɜ ɢɦɟɸɬ ɪɚɡɧɭɸ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɪɢɫɤɚɦ, ɫɜɹɡɚɧɧɵɦ ɫ ɢɡɦɟɧɟɧɢɹɦɢ ɤɥɢɦɚɬɚ, – ɬɚɤɢɟ ɪɢɫɤɢ ɨɤɚɡɵɜɚɸɬ 
ɤɚɤ ɩɨɥɨɠɢɬɟɥɶɧɨɟ, ɬɚɤ ɢ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɮɢɧɚɧɫɨɜɵɟ ɩɨɤɚɡɚɬɟɥɢ ɤɨɦɩɚɧɢɣ, 
ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɚɤɬɢɜɧɨ ɜɧɟɞɪɹɬɶ ɫɬɪɚɬɟɝɢɢ ɫɧɢɠɟɧɢɹ ɜɵɛɪɨɫɨɜ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɢ 
ɪɚɫɤɪɵɜɚɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɜɵɛɪɨɫɚɯ, ɱɬɨɛɵ ɩɨɜɵɫɢɬɶ ɫɬɨɢɦɨɫɬɶ ɛɪɟɧɞɚ ɢ ɫɨɡɞɚɬɶ ɧɨɜɵɟ 
ɤɨɧɤɭɪɟɧɬɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɞɥɹ ɞɨɥɝɨɫɪɨɱɧɨɝɨ ɪɚɡɜɢɬɢɹ Д18, 19]. 

 
Ɍɟɧɞɟɧɰɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɧɨɜɵɦɢ ɦɟɬɨɞɚɦɢ ɨɰɟɧɤɢ  

ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ 
ȼ Ⱦɚɧɢɢ ɪɚɡɪɚɛɨɬɚɧɚ ɢ ɜɧɟɞɪɟɧɚ ɫɢɫɬɟɦɚ ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɨɰɟɧɤɢ ɩɟɪɜɢɱɧɵɯ 

ɜɵɛɪɨɫɨɜ ɥɟɬɭɱɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ (ɅɈɋ) ɫɬɪɨɢɬɟɥɶɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɯ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɤɨɦɮɨɪɬ ɢ ɡɞɨɪɨɜɶɟ ɱɟɥɨɜɟɤɚ [20]. 
ɋɢɫɬɟɦɚ ɨɛɴɟɞɢɧɹɟɬ ɨɩɪɟɞɟɥɟɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɜɵɛɪɨɫɨɜ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 
(ɦɟɫɹɰɵ), ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɅɈɋ ɢ ɜɥɢɹɧɢɟ ɧɚ ɡɞɨɪɨɜɶɟ ɥɸɞɟɣ. ȼ ɞɚɧɧɨɣ 
ɫɢɫɬɟɦɟ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɜɧɢɦɚɧɢɟ ɮɨɤɭɫɢɪɭɟɬɫɹ ɧɚ ɤɨɦɮɨɪɬɟ, ɬ. ɟ. ɧɚ ɫɬɟɩɟɧɢ 
ɪɚɡɞɪɚɠɟɧɢɹ ɡɚɩɚɯɨɦ ɫɥɢɡɢɫɬɨɣ ɨɛɨɥɨɱɤɢ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɞɪɭɝɢɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɞɚɧɧɵɯ ɨ ɜɨɡɞɟɣɫɬɜɢɢ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ. ɍɫɬɚɧɨɜɥɟɧɵ ɞɜɚ 
ɤɪɢɬɟɪɢɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ: ɫɢɫɬɟɦɚ ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɨɰɟɧɤɢ ɞɨɥɠɧɚ ɛɵɬɶ ɥɟɝɤɨ 
ɪɟɚɥɢɡɭɟɦɨɣ, ɧɨ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɨɩɟɪɚɬɢɜɧɨɣ ɢ ɞɢɧɚɦɢɱɧɨɣ. ɉɪɢɧɰɢɩ ɟɟ ɪɚɛɨɬɵ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɩɟɪɢɨɞɚ ɜɪɟɦɟɧɢ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɜɟɥɢɱɢɧɵ ɤɨɧɰɟɧɬɪɚɰɢɢ ɅɈɋ ɜ ɫɬɚɧɞɚɪɬɧɨɦ ɩɨɦɟɳɟɧɢɢ. 
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɧɚɫɵɳɟɧɢɹ ɅɈɋ – ɩɨɤɚɡɚɬɟɥɶ ɩɟɪɢɨɞɚ ɜɪɟɦɟɧɢ, ɜ 
ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɧɨɜɵɣ ɫɬɪɨɢɬɟɥɶɧɵɣ ɦɚɬɟɪɢɚɥ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɩɪɨɛɥɟɦɵ, ɫɜɹɡɚɧɧɵɟ ɫ 
ɤɚɱɟɫɬɜɨɦ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɢ, ɟɫɥɢ ɧɟ ɛɭɞɭɬ ɩɪɢɧɹɬɵ ɫɩɟɰɢɚɥɶɧɵɟ ɦɟɪɵ 
ɩɪɟɞɨɫɬɨɪɨɠɧɨɫɬɢ. ɋɢɫɬɟɦɚ ɦɚɪɤɢɪɨɜɤɢ ɢ ɨɰɟɧɤɢ ɚɩɪɨɛɢɪɨɜɚɧɚ ɧɚ ɷɦɢɫɫɢɢ ɅɈɋ ɢ 
ɨɰɟɧɤɟ ɤɨɦɮɨɪɬɚ ɞɜɭɯ ɝɟɪɦɟɬɢɤɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɟɪɟɧɨɫɧɨɣ ɢ ɥɚɛɨɪɚɬɨɪɧɨɣ 
ɷɦɢɫɫɢɨɧɧɨɣ ɹɱɟɣɤɢ (FδEC). Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɧɟ ɬɨɥɶɤɨ ɞɥɹ 
ɨɰɟɧɤɢ ɤɨɦɮɨɪɬɚ, ɧɨ ɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɢ ɜɵɜɟɬɪɢɜɚɧɢɹ ɥɟɝɤɨɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ 
ɢɡ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɄɆ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɤɥɢɦɚɬɚ, ɱɬɨ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 
ɜɚɠɧɵɦ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɜ ɦɚɬɟɪɢɚɥɟ ɩɥɚɫɬɢɮɢɤɚɬɨɪɨɜ ɫɩɟɰɢɚɥɶɧɵɯ 
ɞɨɛɚɜɨɤ ɩɪɨɬɢɜ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɝɨ ɫɬɚɪɟɧɢɹ ɢ ɞɥɹ ɫɧɢɠɟɧɢɹ ɝɨɪɸɱɟɫɬɢ. 

ASTM D2176-16 – ɫɬɚɧɞɚɪɬɧɵɣ ɦɟɬɨɞ ɢɫɩɵɬɚɧɢɣ ɧɚ ɩɪɨɱɧɨɫɬɶ ɛɭɦɚɝɢ ɢ 
ɩɥɚɫɬɦɚɫɫɨɜɨɣ ɩɥɟɧɤɢ ɩɪɢ ɢɯ ɫɤɥɚɞɵɜɚɧɢɢ ɫ ɩɨɦɨɳɶɸ ɫɤɥɚɞɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ – ɬɟɫɬɟɪɚ 
M.I.T. [21], ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɧɚɫɬɪɨɟɧ ɞɥɹ ɨɛɪɚɡɰɨɜ ɥɸɛɨɣ ɬɨɥɳɢɧɵ. Ɉɞɧɚɤɨ ɟɫɥɢ 
ɧɚɪɭɠɧɵɟ ɫɥɨɢ ɬɨɥɳɢɧɨɣ з0,βη ɦɦ (0,01 ɞɸɣɦɚ) ɪɚɡɪɵɜɚɸɬɫɹ ɜ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ 
ɧɟɫɤɨɥɶɤɢɯ ɫɤɥɚɞɨɤ, ɬɟɫɬ ɬɟɪɹɟɬ ɫɜɨɟ ɡɧɚɱɟɧɢɟ. 
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ASTM D5870-16 – ɫɬɚɧɞɚɪɬɧɚɹ ɩɪɚɤɬɢɤɚ ɪɚɫɱɟɬɚ ɢɧɞɟɤɫɚ ɫɨɯɪɚɧɹɟɦɨɫɬɢ ɫɜɨɣɫɬɜ 
ɩɥɚɫɬɦɚɫɫ (PRI) Д22], ɤɨɬɨɪɚɹ ɨɯɜɚɬɵɜɚɟɬ ɩɪɨɰɟɞɭɪɵ ɪɚɫɱɟɬɚ ɢɧɞɟɤɫɚ ɞɥɹ 
ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ ɢ ɬɟɪɦɨɪɟɚɤɬɢɜɧɵɯ ɩɥɚɫɬɦɚɫɫ ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɫɬɚɪɟɧɢɹ, ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɥɢɛɨ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɭɫɤɨɪɟɧɧɨɝɨ ɜɵɜɟɬɪɢɜɚɧɢɹ ɢɥɢ 
ɯɢɦɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. 

ASTM D3012-19 – ɫɬɚɧɞɚɪɬɧɵɣ ɦɟɬɨɞ ɢɫɩɵɬɚɧɢɣ ɧɚ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɭɸ 
ɫɬɚɛɢɥɶɧɨɫɬɶ ɩɨɥɢɩɪɨɩɢɥɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɪɚɳɟɧɢɹ ɨɛɪɚɡɰɚ ɜ ɩɟɱɢ Д23]. 

 
Ɍɟɧɞɟɧɰɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ ɮɚɤɬɨɪɚɦɢ ɜɨɡɞɟɣɫɬɜɢɹ 

ȼ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧɚɯ ɦɢɪɚ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ ɨɛɨɫɬɪɹɸɬɫɹ ɢɡ-ɡɚ ɭɜɟɥɢɱɟ-
ɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɛɵɬɨɜɵɯ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɬɯɨɞɨɜ, ɭɬɢɥɢɡɚɰɢɹ ɤɨɬɨɪɵɯ ɩɨɫɪɟɞɫɬɜɨɦ 
ɫɩɟɰɢɚɥɶɧɨ ɜɵɪɚɳɟɧɧɵɯ ɢɥɢ ɩɪɢɪɨɞɧɵɯ ɛɚɤɬɟɪɢɣ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɜɢɬɢɸ ɚɝɪɟɫɫɢɜɧɵɯ 
ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɨɜɵɦ ɩɨɥɢɦɟɪɧɵɦ ɦɚɬɟɪɢɚɥɚɦ ɢ ɤɨɦɩɨɡɢɬɚɦ ɜɢɞɨɜ ɡɚ ɫɱɟɬ 
ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɛɨɪɚ ɢ ɦɭɬɚɰɢɣ Д24–26]. 

ȼ ɨɬɜɟɬ ɧɚ ɪɚɡɜɢɬɢɟ ɩɨɞɨɛɧɨɝɨ ɪɨɞɚ ɭɬɢɥɢɡɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɫɨɡɞɚɸɬɫɹ 
ɧɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɟ ɞɚɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ.  

ASTM D6954-18 – ɫɬɚɧɞɚɪɬɧɨɟ ɪɭɤɨɜɨɞɫɬɜɨ ɩɨ ɷɤɫɩɨɧɢɪɨɜɚɧɢɸ ɢ ɢɫɩɵɬɚɧɢɸ 
ɩɥɚɫɬɦɚɫɫ, ɪɚɡɥɚɝɚɸɳɢɯɫɹ ɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɤɢɫɥɟɧɢɹ ɢ 
ɛɢɨɞɟɝɪɚɞɚɰɢɢ Д27], ɤɨɬɨɪɨɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɫɧɨɜɭ (ɢɥɢ ɞɨɪɨɠɧɭɸ ɤɚɪɬɭ) ɞɥɹ 
ɫɪɚɜɧɟɧɢɹ ɢ ɪɚɧɠɢɪɨɜɚɧɢɹ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɫɤɨɪɨɫɬɟɣ ɞɟɝɪɚɞɚɰɢɢ ɢ 
ɫɬɟɩɟɧɢ ɩɨɬɟɪɢ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɥɢɦɟɪɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɰɟɫɫɨɜ ɬɟɪɦɨ- ɢ 
ɮɨɬɨɨɤɢɫɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɨɛɥɚɫɬɹɯ ɩɪɢɦɟɧɟɧɢɹ ɢ ɫɪɟɞɚɯ ɡɚɯɨɪɨɧɟɧɢɹ ɩɨɫɥɟ ɞɟɝɪɚɞɚɰɢɢ. ɍɫɥɨɜɢɹ ɭɬɢɥɢɡɚɰɢɢ ɩɪɢ 
ɷɬɨɦ ɜɚɪɶɢɪɭɸɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɟɬɨɞɚ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɩɨɱɜɭ, ɫɜɚɥɤɭ ɢ ɤɨɦɩɨɫɬ, ɜ 
ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɬɟɪɦɢɱɟɫɤɨɟ ɨɤɢɫɥɟɧɢɟ. 

ASTM D6400-19 – ɫɬɚɧɞɚɪɬɧɚɹ ɫɩɟɰɢɮɢɤɚɰɢɹ ɞɥɹ ɦɚɪɤɢɪɨɜɤɢ ɩɥɚɫɬɦɚɫɫ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɚɷɪɨɛɧɨɝɨ ɤɨɦɩɨɫɬɢɪɨɜɚɧɢɹ ɧɚ ɦɭɧɢɰɢɩɚɥɶɧɵɯ ɢɥɢ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɛɴɟɤɬɚɯ Д28]. 

ASTM D7991-15 – ɫɬɚɧɞɚɪɬɧɵɣ ɦɟɬɨɞ ɢɫɩɵɬɚɧɢɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɚɷɪɨɛɧɨɣ 
ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɩɥɚɫɬɦɚɫɫ, ɡɚɯɨɪɨɧɟɧɧɵɯ ɜ ɩɟɫɱɚɧɵɯ ɦɨɪɫɤɢɯ ɨɬɥɨɠɟɧɢɹɯ, ɜ 
ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ Д29]. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɹɟɬ ɭɪɨɜɟɧɶ 
ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɩɥɚɫɬɦɚɫɫɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɨɞɜɟɪɝɧɭɬɵɯ ɜɨɡɞɟɣɫɬɜɢɸ ɥɚɛɨɪɚɬɨɪɧɵɯ 
ɭɫɥɨɜɢɣ, ɢɦɢɬɢɪɭɸɳɢɯ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɧɚɯɨɞɹɳɭɸɫɹ ɜ ɩɟɫɱɚɧɨɣ ɩɪɢɥɢɜɧɨɣ ɡɨɧɟ. 

ȼ ɩɪɨɬɨɤɨɥɟ STP533 ɪɚɫɫɦɨɬɪɟɧɚ ɭɬɢɥɢɡɚɰɢɹ ɩɥɚɫɬɦɚɫɫ ɫ ɦɢɧɢɦɚɥɶɧɵɦ 
ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ Д30]. 

ASTM F2759-19 – ɫɬɚɧɞɚɪɬɧɨɟ ɪɭɤɨɜɨɞɫɬɜɨ ɩɨ ɨɰɟɧɤɟ ɫɜɟɪɯɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɨɝɨ 
ɩɨɥɢɷɬɢɥɟɧɚ (ɋȼɆɉɗ), ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɨɪɬɨɩɟɞɢɱɟɫɤɢɯ ɢ ɫɩɢɧɧɨɦɨɡɝɨɜɵɯ 
ɭɫɬɪɨɣɫɬɜɚɯ Д31]. Ɋɭɤɨɜɨɞɫɬɜɨ ɪɚɫɤɪɵɜɚɟɬ ɨɛɳɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɮɢɡɢɱɟɫɤɨɣ, 
ɯɢɦɢɱɟɫɤɨɣ ɢ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɢ, ɚ ɬɚɤɠɟ ɩɨ ɦɟɯɚɧɢɱɟɫɤɨɣ ɢ ɞɨɤɥɢɧɢɱɟɫɤɨɣ ɨɰɟɧɤɟ 
ɋȼɆɉɗ ɜ ɢɦɩɥɚɧɬɢɪɭɟɦɵɯ ɨɪɬɨɩɟɞɢɱɟɫɤɢɯ ɢ ɫɩɢɧɧɨɦɨɡɝɨɜɵɯ ɭɫɬɪɨɣɫɬɜɚɯ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɡɚɦɟɧɵ ɨɩɨɪɧɨ-ɞɜɢɝɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ. Ʉɨɦɩɨɧɟɧɬɵ ɋȼɆɉɗ 
ɦɨɝɭɬ ɜɤɥɸɱɚɬɶ ɤɨɥɟɧɧɵɟ, ɬɚɡɨɛɟɞɪɟɧɧɵɟ, ɩɥɟɱɟɜɵɟ, ɥɨɤɬɟɜɵɟ, ɝɨɥɟɧɨɫɬɨɩɧɵɟ ɢ 
ɬɨɬɚɥɶɧɵɟ ɩɪɨɬɟɡɵ ɞɢɫɤɨɜ, ɚ ɬɚɤɠɟ ɢɦɩɥɚɧɬɚɬɵ ɩɚɥɶɰɟɜ ɧɨɝ, ɩɚɥɶɰɟɜ ɪɭɤ ɢ 
ɥɭɱɟɡɚɩɹɫɬɧɵɯ ɫɭɫɬɚɜɨɜ. Ⱦɚɧɧɨɟ ɪɭɤɨɜɨɞɫɬɜɨ ɧɟ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɋȼɆɉɗ ɜ 
ɜɨɥɨɤɧɢɫɬɨɣ ɢɥɢ ɥɟɧɬɨɱɧɨɣ ɮɨɪɦɟ. 

ASTM D5338-15 – ɫɬɚɧɞɚɪɬɧɵɣ ɦɟɬɨɞ ɢɫɩɵɬɚɧɢɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɚɷɪɨɛɧɨɣ 
ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɩɥɚɫɬɦɚɫɫɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɭɫɥɨɜɢɹɯ ɤɨɦɩɨɫɬɢ-
ɪɨɜɚɧɢɹ, ɜɤɥɸɱɚɸɳɢɯ ɬɟɪɦɨɮɢɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ Д32]. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɹɟɬ 
ɫɬɟɩɟɧɶ ɢ ɫɤɨɪɨɫɬɶ ɚɷɪɨɛɧɨɣ ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ 
ɤɨɦɩɨɫɬɢɪɭɸɳɟɣ ɫɪɟɞɵ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢ ɬɟɪɦɨɮɢɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ 
ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɨɫɩɪɨɢɡɜɨɞɢɦɵɯ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 
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ɢɫɩɵɬɚɧɢɣ ɜ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɭɫɥɨɜɢɹɯ, ɤɨɬɨɪɵɟ ɧɚɩɨɦɢɧɚɸɬ ɭɫɥɨɜɢɹ 
ɤɨɦɩɨɫɬɢɪɨɜɚɧɢɹ, ɝɞɟ ɞɨɫɬɢɝɚɸɬɫɹ ɬɟɪɦɨɮɢɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ. ɂɫɩɵɬɭɟɦɵɟ ɜɟɳɟɫɬɜɚ 
ɩɨɞɜɟɪɝɚɸɬɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɢɧɨɤɭɥɹɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɢɡ ɤɨɦɩɨɫɬɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ 
ɬɜɟɪɞɵɯ ɛɵɬɨɜɵɯ ɨɬɯɨɞɨɜ. 

ASTM E2317-04-12 – ɫɬɚɧɞɚɪɬɧɨɟ ɪɭɤɨɜɨɞɫɬɜɨ ɩɨ ɩɪɨɜɟɞɟɧɢɸ ɢɫɩɵɬɚɧɢɣ 
ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɦɢɤɪɨɱɚɫɬɢɰ ɩɥɚɫɬɢɤɚ ɧɚ ɬɨɤɫɢɱɧɨɫɬɶ ɫ ɩɨɦɨɳɶɸ ɦɨɪɫɤɨɝɨ 
ɦɟɣɨɛɟɧɬɨɫɚ CШЩОЩШН Д33]. ȼ ɪɭɤɨɜɨɞɫɬɜɟ ɨɩɢɫɚɧɵ ɩɪɨɰɟɞɭɪɵ ɩɨɥɭɱɟɧɢɹ 
ɥɚɛɨɪɚɬɨɪɧɵɯ ɞɚɧɧɵɯ ɨ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, 
ɞɨɛɚɜɥɹɟɦɨɝɨ ɜ ɦɨɪɫɤɭɸ ɜɨɞɭ (ɧɨ ɧɟ ɜ ɩɢɳɭ), ɧɚ ɦɨɪɫɤɢɟ ɨɪɝɚɧɢɡɦɵ Amphiascus 
tenuiremis ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɨɫɨɛɟɣ (ɧɚɱɢɧɚɹ ɫ ɦɨɦɟɧɬɚ ɪɨɠɞɟɧɢɹ ɢ ɞɨ 
ɧɚɱɚɥɚ ɪɚɡɦɧɨɠɟɧɢɹ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ. ȼ ɬɟɱɟɧɢɟ ɬɟɫɬɨɜɨɝɨ 
ɩɟɪɢɨɞɚ ɩɪɨɜɟɪɹɸɬ ɢ ɪɟɝɢɫɬɪɢɪɭɸɬ ɞɚɧɧɵɟ ɩɨ ɫɬɚɞɢɣɧɨɣ ɜɵɠɢɜɚɟɦɨɫɬɢ ɢ ɤɨɥɢɱɟɫɬɜɭ 
ɞɧɟɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɪɚɡɜɢɬɢɹ. 

ASTM E1562-00 – ɫɬɚɧɞɚɪɬɧɨɟ ɪɭɤɨɜɨɞɫɬɜɨ ɩɨ ɩɪɨɜɟɞɟɧɢɸ ɢɫɩɵɬɚɧɢɣ ɧɚ 
ɨɫɬɪɭɸ, ɯɪɨɧɢɱɟɫɤɭɸ ɢ ɠɢɡɧɟɧɧɭɸ ɬɨɤɫɢɱɧɨɫɬɶ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɩɨɥɢɯɟɬɨɜɵɯ ɤɨɥɶɱɚɬɵɯ ɱɟɪɜɟɣ Д34]. Ɋɭɤɨɜɨɞɫɬɜɨ ɨɯɜɚɬɵɜɚɟɬ ɩɪɨɰɟɞɭɪɵ ɩɨɥɭɱɟɧɢɹ 
ɞɚɧɧɵɯ ɨ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɢɫɩɵɬɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɞɨɛɚɜɥɹɟɦɨɝɨ ɜ 
ɦɨɪɫɤɢɟ ɢ ɷɫɬɭɚɪɧɵɟ ɜɨɞɵ, ɧɚ ɧɟɤɨɬɨɪɵɟ ɜɢɞɵ ɩɨɥɢɯɟɬ ɩɪɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦ ɢɥɢ 
ɞɥɢɬɟɥɶɧɨɦ ɧɟɩɪɟɪɵɜɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɨɫɨɛɟɣ. ȼɢɞɵ ɩɨɥɢɯɟɬ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɷɬɢɯ 
ɢɫɩɵɬɚɧɢɹɯ, ɜɡɹɬɵ ɢɡ ɥɚɛɨɪɚɬɨɪɧɵɯ ɤɭɥɶɬɭɪ ɢ ɩɨɞɜɟɪɝɚɸɬɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɪɚɡɥɢɱɧɵɯ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɬɨɤɫɢɤɚɧɬɚ ɜ ɫɬɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. Ⱦɚɧɧɵɟ ɩɪɨɰɟɞɭɪɵ ɦɨɝɭɬ ɛɵɬɶ 
ɩɨɥɟɡɧɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɬɨɤɫɢɱɧɨɫɬɶ ɫ ɞɪɭɝɢɦɢ ɜɢɞɚɦɢ ɩɨɥɢɯɟɬ, ɯɨɬɹ 
ɦɨɝɭɬ ɩɨɬɪɟɛɨɜɚɬɶɫɹ ɢ ɦɨɞɢɮɢɤɚɰɢɢ. 

ASTM D7475-20 – ɫɬɚɧɞɚɪɬɧɵɣ ɦɟɬɨɞ ɢɫɩɵɬɚɧɢɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɚɷɪɨɛɧɨɣ 
ɞɟɝɪɚɞɚɰɢɢ ɢ ɚɧɚɷɪɨɛɧɨɣ ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɩɥɚɫɬɦɚɫɫɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɭɫɥɨɜɢɹɯ 
ɭɫɤɨɪɟɧɧɨɝɨ ɛɢɨɪɟɚɤɬɨɪɧɨɝɨ ɩɨɥɢɝɨɧɚ Д35]. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɢ ɢ ɫɤɨɪɨɫɬɢ ɚɷɪɨɛɧɨɣ ɞɟɫɬɪɭɤɰɢɢ (ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɩɨɬɟɪɹ 
ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ, ɜɨɡɦɨɠɧɨ, ɩɪɢɜɨɞɹɳɚɹ ɤ 
ɞɟɡɢɧɬɟɝɪɚɰɢɢ ɢ ɮɪɚɝɦɟɧɬɚɰɢɢ), ɚ ɬɚɤɠɟ ɚɧɚɷɪɨɛɧɨɣ ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɜ ɭɫɤɨɪɟɧɧɨɣ 
ɚɷɪɨɛɧɨ-ɚɧɚɷɪɨɛɧɨɣ ɫɪɟɞɟ ɢɫɩɵɬɚɧɢɣ ɛɢɨɪɟɚɤɬɨɪɚ ɩɨɥɢɝɨɧɚ ɞɥɹ ɬɜɟɪɞɵɯ ɛɵɬɨɜɵɯ ɨɬ-
ɯɨɞɨɜ. Ɇɟɬɨɞ ɦɨɠɟɬ ɢɦɢɬɢɪɨɜɚɬɶ ɩɟɪɟɯɨɞ ɨɬ ɚɷɪɨɛɧɨɣ ɫɪɟɞɵ ɤ ɚɧɚɷɪɨɛɧɨɣ ɫ ɬɟɱɟɧɢɟɦ 
ɜɪɟɦɟɧɢ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɝɥɭɛɢɧɵ ɫɜɚɥɤɢ. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɢɫɩɵɬɭɟɦɵɣ 
ɩɥɚɫɬɢɤɨɜɵɣ ɦɚɬɟɪɢɚɥ ɫɦɟɲɢɜɚɟɬɫɹ ɫ ɛɵɬɨɜɵɦɢ ɨɬɯɨɞɚɦɢ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɂɫɯɨɞɹ ɢɡ ɦɢɪɨɜɵɯ ɬɟɧɞɟɧɰɢɣ ɭɱɟɬɚ ɤɥɢɦɚɬɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɦɚɬɟɪɢɚɥɵ, 
ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɨɨɪɭɠɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ 
ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɢɪɨɞɧɵɯ ɫɪɟɞ ɩɪɢɧɢɦɚɬɶ ɜɨ ɜɧɢɦɚɧɢɟ ɫɥɟɞɭɸɳɟɟ: 

1. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɜɨɡɞɟɣɫɬɜɢɹ ɤɥɢɦɚɬɚ ɩɨɡɜɨɥɢɬ ɧɟ 
ɬɨɥɶɤɨ ɭɱɢɬɵɜɚɬɶ ɜɨɡɞɟɣɫɬɜɢɟ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɲɥɵɯ 
ɦɧɨɝɨɥɟɬɧɢɯ ɩɚɪɚɦɟɬɪɨɜ ɚɬɦɨɫɮɟɪɵ, ɧɨ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɩɨɜɟɞɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɤɥɢɦɚɬɚ. 

2. Ʉɨɦɩɥɟɤɫɧɵɟ ɢɫɩɵɬɚɧɢɹ ɧɚ ɜɨɡɞɟɣɫɬɜɢɟ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɯ 
ɮɚɤɬɨɪɨɜ ɞɨɥɠɧɵ ɜɤɥɸɱɚɬɶ ɧɟ ɬɨɥɶɤɨ ɫɬɚɬɢɱɧɵɟ ɩɨɫɬɨɹɧɧɨ ɞɟɣɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹ 
ɜɨɡɞɟɣɫɬɜɭɸɳɢɯ ɮɚɤɬɨɪɨɜ, ɧɨ ɢ ɭɱɢɬɵɜɚɬɶ ɜɨɡɞɟɣɫɬɜɢɟ ɝɪɚɞɢɟɧɬɨɜ ɤɥɢɦɚɬɢɱɟɫɤɢɯ, 
ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ – ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟɫɬ 
ɧɚ ɬɟɩɥɨɜɨɟ ɫɬɚɪɟɧɢɟ ɫ ɜɪɚɳɟɧɢɟɦ, ɬ. ɟ. ɫ ɩɨɬɨɤɨɦ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ. 

3. ȼɥɢɹɧɢɟ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɩɪɢ ɪɚɡɜɢɬɢɢ ɫɢɫɬɟɦ ɛɢɨɭɬɢɥɢɡɚɰɢɢ, ɚ 
ɬɚɤɠɟ ɭɜɟɥɢɱɟɧɢɟ ɡɚɝɪɹɡɧɟɧɢɹ ɩɪɢɪɨɞɧɨɣ ɫɪɟɞɵ ɪɚɡɥɢɱɧɵɦɢ ɜɢɞɚɦɢ ɢɫɤɭɫɫɬɜɟɧɧɵɯ 
ɩɥɚɫɬɦɚɫɫ ɬɪɟɛɭɸɬ ɫɨɡɞɚɧɢɹ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɵ ɫɬɚɧɞɚɪɬɨɜ ɩɨ ɛɢɨɞɟɫɬɪɭɤɰɢɢ, 
ɬɟɩɥɨɜɨɣ, ɮɨɬɨ- ɢ ɛɢɨɭɬɢɥɢɡɚɰɢɢ ɩɥɚɫɬɢɤɨɜ. 
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ɉɪɟɞɫɬɚɜɥɟɧɵ ɞɚɧɧɵɟ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɚɧɨɞɧɨɝɨ 

ɪɚɫɬɜɨɪɟɧɢɹ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Al–Li–Cu ɜ ɞɜɭɯ ɪɚɫɬɜɨɪɚɯ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɪɟɠɢɦɚɯ – ɪɚɡɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɭɞɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ. ɉɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ 
ɩɨɥɭɱɟɧɧɵɯ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɦɟɬɨɞɚɦɢ ɨɩɬɢɱɟɫɤɨɣ ɢ ɤɨɧɮɨɤɚɥɶɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, 
ɨɩɪɟɞɟɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɬɟɪɢ ɦɚɫɫɵ, ɝɥɭɛɢɧɵ ɩɢɬɬɢɧɝɨɜɨɣ ɢ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɨɣ ɤɨɪɪɨ-
ɡɢɢ, ɚ ɬɚɤɠɟ ɢɡɦɟɧɟɧɢɹ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɭɞɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟ-
ɫɬɜɚ. ɉɪɟɞɥɨɠɟɧɵ ɦɨɞɟɥɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɩɨɬɟɪɢ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɭɞɟɥɶ-
ɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ (ɢɥɢ ɩɨɬɟɪɢ ɦɚɫɫɵ) ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɣ ɤɨɪɪɨɡɢɢ. 

Ключевые слова: ɚɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ, ɩɢɬɬɢɧɝɨɜɚɹ ɤɨɪɪɨɡɢɹ, ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɚɹ 
ɤɨɪɪɨɡɢɹ, ɚɧɨɞɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ, ɧɚɬɭɪɧɵɟ ɢɫɩɵɬɚɧɢɹ, ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɤɨɪɪɨɡɢɢ. 

 
A.E. Kutyrev1, D.V. Chesnokov1, V.V. Antipov1, A.I. Vdovin1 
 
A  STUDY  OF  THE  USE  OF  COMBINED  ANODIC  DISSOLUTION  
OF  ALUMINUM  ALLOYS  WITH  NOT  HIGH  SENSIBILITY  TO  IGC  
EVIDENCE FROM  ALLOY  OF  Al–Li–Cu  SYSTEM  WITH  THE  PURPOSE  
OF  PREDICTING  LOSS  OF  MECHANICAL  PROPERTIES  
AT  ATMOSPHERIC  CORROSION 
 

The article presents data on combined anodic dissolution of aluminum alloy of Al–Li–Cu 
system with not high sensibility to intergranular corrosion, consisting in sequential dissolution 
in two different solutions, with different modes – the ratio of the specific amount of electricity. 
The obtained corrosion deteriorations were evaluated by optical and confocal microscopy, the de-
pendences of mass loss, the depth of pitting and intergranular corrosion, as well as changes in the 
tensile strength of the specific amount of electricity for different modes were determined. As a result 
of the analysis of the obtained data, models for predicting the loss of tensile strength from the value 
of the specific amount of electricity (or mass loss) in atmospheric corrosion are proposed. 

Keywords: aluminum alloys, pitting corrosion, intergranular corrosion, anodic dissolution, 
natural exposure, corrosion prediction. 
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ȼɜɟɞɟɧɢɟ 

ɒɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɜ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨ-
ɫɬɢ ɨɛɭɫɥɨɜɥɟɧɨ ɢɯ ɢɫɤɥɸɱɢɬɟɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɬɚɤɢɦɢ ɤɚɤ ɧɢɡɤɚɹ ɭɞɟɥɶɧɚɹ ɩɥɨɬ-
ɧɨɫɬɶ ɢ ɜɵɫɨɤɚɹ ɩɪɨɱɧɨɫɬɶ. ɉɪɢ ɷɬɨɦ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɚɥɸɦɢɧɢɟɜɵɟ 
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ɫɩɥɚɜɵ ɥɟɝɢɪɨɜɚɧɵ ɦɟɞɶɸ, ɤɨɬɨɪɚɹ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ ɢɯ ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ, 
ɧɨ ɩɪɢ ɷɬɨɦ ɫɢɥɶɧɨ ɫɧɢɠɚɟɬ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ Д1Ж. Ɉɞɧɚɤɨ, ɤɚɤ ɨɬɦɟɱɚɟɬɫɹ ɜ ɪɚ-
ɛɨɬɚɯ Дβ–7Ж, ɩɪɢ ɧɚɥɢɱɢɢ ɛɨɥɶɲɨɝɨ ɨɩɵɬɚ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧ-
ɧɨɣ ɬɟɯɧɢɤɢ (ȺɌ), ɚ ɬɚɤɠɟ ɭɫɩɟɯɨɜ ɜ ɨɛɥɚɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɣ ɡɚɳɢɬɵ ɚɥɸɦɢɧɢ-
ɟɜɵɯ ɫɩɥɚɜɨɜ Дβ, 8–11Ж ɢɡɛɟɠɚɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɤɨɪɪɨɡɢɢ ɧɚ ɢɡɞɟɥɢɹɯ ȺɌ ɜ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ.  

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɚɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ ɜ ɚɬɦɨɫɮɟɪɧɵɯ ɭɫɥɨɜɢɹɯ ɩɨɞɜɟɪɠɟɧɵ ɥɨ-
ɤɚɥɶɧɵɦ ɜɢɞɚɦ ɤɨɪɪɨɡɢɢ, ɝɞɟ, ɧɚɪɹɞɭ ɫ ɩɢɬɬɢɧɝɨɜɨɣ ɤɨɪɪɨɡɢɟɣ, ɩɪɨɬɟɤɚɸɬ ɢ ɛɨɥɟɟ 
ɨɩɚɫɧɵɟ ɟɟ ɜɢɞɵ, ɜ ɱɚɫɬɧɨɫɬɢ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɚɹ (ɆɄɄ) ɢ ɪɚɫɫɥɚɢɜɚɸɳɚɹ ɤɨɪɪɨɡɢɢ 
(ɊɋɄ) Д1Ж, ɫɢɥɶɧɨ ɜɥɢɹɸɳɢɟ ɧɚ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɥɟɬɧɚɹ ɝɨɞɧɨɫɬɶ ɢɡɞɟɥɢɣ ȺɌ ɱɚɫɬɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɦɟɧɧɨ ɫɬɟɩɟɧɶɸ ɨɛɪɚ-
ɡɭɸɳɢɯɫɹ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ Дβ–7, 12–14]. 

Ⱦɥɹ ɨɰɟɧɤɢ ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢɡɞɟɥɢɣ ȺɌ ɢ ɜɥɢɹɧɢɹ ɤɨɪɪɨɡɢɢ ɧɚ ɛɟɡɨɩɚɫ-
ɧɨɫɬɶ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɟ, ɩɪɟɞɭɫɦɚɬ-
ɪɢɜɚɸɳɢɣ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɪɚɡɜɢɬɢɹ ɜɵɹɜɥɟɧɧɵɯ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɢ ɢɯ ɜɨɡ-
ɞɟɣɫɬɜɢɟ ɧɚ ɰɟɥɨɫɬɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡɞɟɥɢɹ Д1ηЖ. Ɋɚɡɜɢɬɢɟ ɞɚɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɬɪɟ-
ɛɭɟɬ ɧɚɥɢɱɢɹ ɦɟɬɨɞɨɜ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɤɨɪɪɨɡɢɢ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ, ɚ ɬɚɤɠɟ ɦɟɬɨ-
ɞɢɤ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɧɚ ɢɯ ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɫ ɭɱɟɬɨɦ 
ɯɚɪɚɤɬɟɪɚ ɤɨɪɪɨɡɢɢ. Ɋɟɲɟɧɢɟ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɨ ɩɭɬɟɦ ɪɚɡɪɚɛɨɬ-
ɤɢ ɤɨɦɩɥɟɤɫɧɨɣ ɩɪɨɝɪɚɦɦɵ ɤɨɪɪɨɡɢɨɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ Д1θЖ, ɤɨ-
ɬɨɪɚɹ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜ ɬɨɦ ɱɢɫɥɟ ɭɫɬɚɧɨɜɢɬɶ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɫɬɟɩɟɧɶɸ ɤɨɪɪɨɡɢɢ 
ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɢ ɫɧɢɠɟɧɢɟɦ ɢɯ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ.  

ɇɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɦ ɩɨɞɯɨɞɨɦ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɤɚɡɚɧɧɨɣ ɜɡɚɢɦɨɫɜɹɡɢ ɹɜ-
ɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɭɫɤɨɪɟɧɧɵɯ ɢɫɩɵɬɚɧɢɣ, ɩɨɡɜɨɥɹɸɳɟɣ ɧɚɧɨɫɢɬɶ ɧɨɪɦɢ-
ɪɨɜɚɧɧɵɟ ɤɨɪɪɨɡɢɨɧɧɵɟ ɩɨɪɚɠɟɧɢɹ, ɢɞɟɧɬɢɱɧɵɟ ɩɪɨɢɫɯɨɞɹɳɢɦ ɩɪɢ ɧɚɬɭɪɧɵɯ ɢɫɩɵ-
ɬɚɧɢɹɯ. ȼ ɪɚɛɨɬɟ Д17Ж ɩɪɟɞɫɬɚɜɥɟɧɚ ɪɚɡɪɚɛɨɬɤɚ ɪɹɞɚ ɷɥɟɤɬɪɨɥɢɬɨɜ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɚɧɨɞɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ (ȺɊ) ɨɛɪɚɡɰɨɜ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ. ȼ ɢɫɫɥɟɞɨɜɚɧɢɢ Д18Ж ɭɤɚ-
ɡɚɧɧɵɟ ɪɚɫɬɜɨɪɵ ɷɥɟɤɬɪɨɥɢɬɨɜ ɩɪɢɦɟɧɹɥɢɫɶ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɦɟɬɨɞɢɤɢ ɤɨɦɛɢɧɢɪɨɜɚɧ-
ɧɨɝɨ ȺɊ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɫ ɜɵɫɨɤɨɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɆɄɄ ɧɚ ɩɪɢɦɟɪɟ ɫɩɥɚɜɚ  
ɫɢɫɬɟɦɵ AХ–Mg–Si–CЮ. ȼɵɛɪɚɧ ɪɟɠɢɦ ɨɩɬɢɦɚɥɶɧɨɝɨ ɧɚɧɟɫɟɧɢɹ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚ-
ɠɟɧɢɣ ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ȺɊ, ɚ ɬɚɤɠɟ ɩɪɟɞɥɨɠɟɧɵ ɦɨɞɟɥɢ ɞɥɹ ɩɪɨɝɧɨɡɢ-
ɪɨɜɚɧɢɹ ɩɨɬɟɪɢ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɨɜɚɧɢɹ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ. 
ɉɪɟɞɫɬɚɜɥɟɧ ɬɚɤɠɟ ɩɨɞɯɨɞ ɤ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɸ ɩɨɬɟɪɢ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɢ ɞɥɹ ɚɥɸ-
ɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɫ ɧɟɜɵɫɨɤɨɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɆɄɄ, ɨɞɧɚɤɨ ɟɝɨ ɪɟɚɥɢɡɚɰɢɹ ɬɪɟɛɭɟɬ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɩɪɨɜɟɪɤɢ.  

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɪɚɡɪɚɛɨɬɤɚ ɪɟɠɢɦɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ȺɊ, ɩɨɡɜɨɥɹɸɳɟɝɨ 
ɩɨɥɭɱɚɬɶ ɤɨɪɪɨɡɢɨɧɧɵɟ ɩɨɪɚɠɟɧɢɹ ɞɥɹ ɥɢɫɬɨɜɨɝɨ ɩɨɥɭɮɚɛɪɢɤɚɬɚ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚ-
ɜɨɜ ɫ ɧɟɜɵɫɨɤɨɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɆɄɄ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɩɨɬɟɪɢ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ.  

Ɋɚɛɨɬɚ ɩɪɨɜɨɞɢɥɚɫɶ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 18.θ. 
«ɉɨɫɬɪɨɟɧɢɟ ɤɨɦɩɥɟɤɫɧɵɯ ɫɢɫɬɟɦ ɡɚɳɢɬɵ ɨɫɨɛɨ ɨɩɚɫɧɵɯ ɢ ɤɪɢɬɢɱɟɫɤɢ ɜɚɠɧɵɯ ɨɛɴɟɤ-
ɬɨɜ ɨɬ ɩɪɢɪɨɞɧɨ-ɬɟɯɧɨɝɟɧɧɵɯ ɤɚɬɚɫɬɪɨɮ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚ-
ɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ») Д19Ж. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɜɵɩɨɥɧɹɥɢɫɶ ɩɨ ɦɟɬɨɞɢɤɟ, ɢɡɥɨɠɟɧɧɨɣ ɜ ɪɚɧɟɟ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ 
ɪɚɛɨɬɚɯ Д17, 18Ж. 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧ ɥɢɫɬɨɜɨɣ ɩɨɥɭɮɚɛɪɢɤɚɬ ɢɡ ɚɥɸɦɢɧɢ-
ɟɜɨɝɨ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Al–Li–Cu ɬɨɥɳɢɧɨɣ 1 ɦɦ. ɋɩɥɚɜ ɢɦɟɟɬ ɞɨɫɬɚɬɨɱɧɵɟ ɜɵɫɨɤɢɟ 
ɩɨɤɚɡɚɬɟɥɢ ɭɫɬɚɥɨɫɬɧɨɣ ɞɨɥɝɨɜɟɱɧɨɫɬɢ, ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ ɢ ɭɞɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɜ 
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ɫɪɚɜɧɟɧɢɢ ɫ ɬɢɩɨɜɵɦɢ ɚɥɸɦɢɧɢɟɜɵɦɢ ɞɟɮɨɪɦɢɪɭɟɦɵɦɢ ɫɩɥɚɜɚɦɢ Дβ0Ж. Ʉɪɨɦɟ ɬɨɝɨ, 
ɫɩɥɚɜ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɞɚɜɥɟɧɢɟɦ ɢ ɥɢɬɶɟ ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɟɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɥɚɫɬɢɱ-
ɧɨɫɬɶɸ, ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɭɫɥɨɜɢɹɯ ɲɢɪɨɤɨɣ ɧɨɦɟɧɤɥɚɬɭɪɵ ɢɡɞɟɥɢɣ Дβ1Ж. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɫɜɨɟɧɚ ɬɟɯɧɨɥɨ-
ɝɢɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɥɢɬ ɢ ɥɢɫɬɨɜ, ɬɨɥɳɢɧɚ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɟɬ βη–80 
ɢ 0,8–6,0 ɦɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɬɚɤɠɟ ɪɚɫɤɚɬɧɵɯ ɤɨɥɟɰ ɢ ɩɪɟɫɫɨɜɚɧɧɵɯ ɩɪɨɮɢɥɟɣ ɫ ɪɚɡ-
ɧɵɦ ɫɟɱɟɧɢɟɦ ДββЖ. Ⱦɚɧɧɵɣ ɫɩɥɚɜ ɬɚɤɠɟ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɜɢɞɟ ɥɢɫɬɨɜ ɞɥɹ ɫɜɚɪɧɵɯ 
ɨɛɟɱɚɟɤ, ɨɛɲɢɜɤɢ ɮɸɡɟɥɹɠɚ ɢ ɞɪ.  

ɋɩɥɚɜ ɫɢɫɬɟɦɵ Al–Li–Cu ɢɦɟɟɬ ɧɟɜɵɫɨɤɭɸ ɫɤɥɨɧɧɨɫɬɶ ɤ ɆɄɄ ɢ ɊɋɄ, ɧɨ ɩɪɢ 
ɷɬɨɦ ɩɨɞɜɟɪɠɟɧ ɩɢɬɬɢɧɝɨɜɨɣ ɤɨɪɪɨɡɢɢ ɜɫɥɟɞɫɬɜɢɟ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɝɨ ɫɨɞɟɪɠɚɧɢɹ 
ɦɟɞɢ – ɞɨ β% (ɩɨ ɦɚɫɫɟ). Ɍɚɤ, ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɜ ɝ. Ƚɟɥɟɧɞɠɢɤɟ ɜ 
ɬɟɱɟɧɢɟ 4 ɥɟɬ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɤɨɪɪɨɡɢɢ ɫɩɥɚɜɚ (ɩɨ ɩɨɬɟɪɟ ɦɚɫɫɵ) ɛɵɥɢ ɫɨɩɨɫɬɚɜɢɦɵ 
ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɞɥɹ ɫɩɥɚɜɚ ȼ9θ. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɩɥɚɜɨɦ-ɚɧɚɥɨɝɨɦ ɩɨ ɩɪɢɦɟɧɟɧɢɸ 
ȼ9ηɨ.ɱ., ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɫɩɥɚɜ ɨɛɥɚɞɚɟɬ ɩɨɜɵɲɟɧɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɭɞɟɥɶɧɨɣ ɩɪɨɱ-
ɧɨɫɬɢ (ɛɨɥɟɟ ɱɟɦ ɧɚ β0%), ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ (ɧɚ 10%) ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɪɪɨɡɢɨɧɧɨɦɭ 
ɪɚɫɬɪɟɫɤɢɜɚɧɢɸ (ɧɚ 10 %), ɚ ɬɚɤɠɟ ɫɜɚɪɢɜɚɟɬɫɹ ɨɫɧɨɜɧɵɦɢ ɜɢɞɚɦɢ ɫɜɚɪɤɢ. Ɋɟɡɭɥɶɬɚɬɵ 
ɩɨ ɧɚɬɭɪɧɵɦ ɢɫɩɵɬɚɧɢɹɦ ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ ɪɚɛɨɬɚɯ Дβγ, β4Ж. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɫɤɥɨɧɧɨɫɬɢ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Al–Li–Cu ɤ 
ɥɨɤɚɥɶɧɵɦ ɜɢɞɚɦ ɤɨɪɪɨɡɢɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɝɥɭɛɢɧɚ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɆɄɄ ɫɨɫɬɚɜɢɥɚ 
0,06 ɦɦ (ɫɨɝɥɚɫɧɨ ȽɈɋɌ 9.021–74), ɚ ɫɬɟɩɟɧɶ ɪɚɡɜɢɬɢɹ ɊɋɄ γ ɛɚɥɥɚ (ɫɨɝɥɚɫɧɨ 
ȽɈɋɌ 9.904–8β). ɂɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɞɚɧɧɵɟ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ Дβγ, β4Ж 
ɞɥɹ ɞɚɧɧɨɝɨ ɫɩɥɚɜɚ ɞɚɸɬ ɩɨɞɨɛɧɵɟ ɜɟɥɢɱɢɧɵ: 0,0θ ɦɦ ɢ β–3 ɛɚɥɥɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ɉɨɫɤɨɥɶɤɭ ɜ ɪɚɛɨɬɟ Д18Ж ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɚ ɩɨɡɞɧɢɯ ɫɪɨɤɚɯ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ 
ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɩɢɬɬɢɧɝɨɜɚɹ ɤɨɪɪɨɡɢɹ, ɬɨ ɩɪɢ 
ɜɵɛɨɪɟ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɤɨɥɢɱɟɫɬɜɚɦɢ ɷɥɟɤɬɪɢɱɟɫɬɜɚ, ɡɚɬɪɚɱɢɜɚɟɦɵɦɢ ɧɚ ɪɚɫɬɜɨ-
ɪɟɧɢɟ ɜ ɪɚɫɬɜɨɪɟ 1 ɢ ɜ ɪɚɫɬɜɨɪɟ β, ɢɫɯɨɞɢɥɢ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɮɚɤɬɚ. Ʉɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɢ-
ɱɟɫɬɜɚ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ȺɊ ɜ ɪɚɫɬɜɨɪɟ 1, ɜ ɤɨɬɨɪɨɦ ɢ ɨɛɪɚɡɭɸɬɫɹ ɩɢɬɬɢɧɝɨɜɵɟ ɤɨɪɪɨ-
ɡɢɨɧɧɵɟ ɩɨɪɚɠɟɧɢɹ, ɩɪɢɱɟɦ ɫ ɬɟɦ ɠɟ ɮɚɤɬɨɪɨɦ ɩɢɬɬɢɧɝɨɜɨɣ ɤɨɪɪɨɡɢɢ, ɤɚɤ ɢ ɩɪɢ 
ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɹɯ, ɢɦɟɥɨ ɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɵɛɪɚɧɨ ɫɨɨɬɧɨɲɟɧɢɟ 
Q1/Q2=2, ɝɞɟ Q1 – ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɢɱɟɫɬɜɚ, ɡɚɬɪɚɱɟɧɧɨɟ ɧɚ ȺɊ ɜ ɪɚɫɬɜɨɪɟ 1, ɚ Q2 – 
ɜ ɪɚɫɬɜɨɪɟ β.  

ȼ ɪɚɫɬɜɨɪɟ 1 ɪɚɫɬɜɨɪɟɧɢɟ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɜɟɥɢɱɢɧɟ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 
(i=0,004 Ⱥ/ɫɦ2), ɚ ɜ ɪɚɫɬɜɨɪɟ 2 – ɩɪɢ ɞɜɭɯ ɟɟ ɜɟɥɢɱɢɧɚɯ (i=0,004 Ⱥ/ɫɦ2 – ɪɟɠɢɦ 1; 
i=0,001 Ⱥ/ɫɦ2 – ɪɟɠɢɦ 2). Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ, ɱɬɨ ɫɬɟɩɟɧɶ ɤɨɪɪɨɡɢɨɧɧɵɯ 
ɩɨɪɚɠɟɧɢɣ ɩɪɢ ɚɧɨɞɧɨɦ ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɪɚɫɬɜɨɪɟ 2 ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɞɢɧɚɤɨɜɨɝɨ ɤɨ-
ɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɡɚɜɢɫɢɬ ɨɬ ɪɟɠɢɦɚ ɢɯ ɧɚɧɟɫɟɧɢɹ (ɫɨɨɬɧɨɲɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 
ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ). ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɫɬɜɨɪɚ 1 ɫɬɟɩɟɧɶ ɤɨɪɪɨɡɢɨɧɧɵɯ 
ɩɨɪɚɠɟɧɢɣ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɪɟɠɢɦɚ ɢɯ ɧɚɧɟɫɟɧɢɹ, ɩɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɧɚɧɨɫɢɬɶ ɤɨɪ-
ɪɨɡɢɨɧɧɵɟ ɩɨɪɚɠɟɧɢɹ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɜɟɥɢɱɢɧɟ ɚɧɨɞɧɨɝɨ ɬɨɤɚ (ɫ ɧɚɢɦɟɧɶɲɟɣ ɩɪɨ-
ɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ ɩɪɨɰɟɫɫɚ).  

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɮɪɚɤɬɨ-
ɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɨɛɪɚɡɰɨɜ, ɩɨɞɜɟɪɝɧɭɬɵɯ ɪɚɫɬɜɨɪɟɧɢɸ ɬɨɥɶɤɨ ɜ ɧɢɬɪɚɬɧɨ-
ɫɭɥɶɮɚɬɧɨ-ɯɥɨɪɢɞɧɨɦ ɪɚɫɬɜɨɪɟ (ɪɢɫ. 1, ɚ) ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦɭ ȺɊ (ɪɢɫ. 1, ɛ) ɩɪɢ ɦɚɤɫɢ-
ɦɚɥɶɧɨɣ ɜɟɥɢɱɢɧɟ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɢ ɜ ɬɨɦ, ɢ ɜ ɞɪɭɝɨɦ ɫɥɭɱɚɟ, ɚ ɬɚɤɠɟ ɦɟɯɚɧɢ-
ɱɟɫɤɢɦ ɢɫɩɵɬɚɧɢɹɦ ɧɚ ɪɚɫɬɹɠɟɧɢɟ. ɇɚ ɪɢɫ. 1 ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ȺɊ ɜ ɪɚɫɬɜɨɪɟ 1 ɨɛɪɚɡɭɸɬɫɹ 
ɨɤɪɭɝɥɵɟ ɩɢɬɬɢɧɝɢ ɛɟɡ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɤɨɪɪɨɡɢɢ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ, ɚ ɩɪɢ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ȺɊ ɜ ɞɜɭɯ ɪɚɫɬɜɨɪɚɯ – ɤɚɤ ɩɢɬɬɢɧɝɢ, ɬɚɤ ɢ ɆɄɄ.  
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ɛ)ɚ)

 
Ɋɢɫ. 1. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɢɡ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ AХ–Li–CЮ ɩɨɫɥɟ ɪɚɫɬɜɨ-

ɪɟɧɢɹ ɜ ɧɢɬɪɚɬɧɨ-ɫɭɥɶɮɚɬɧɨ-ɯɥɨɪɢɞɧɨɦ ɪɚɫɬɜɨɪɟ (ɚ) ɢ ɩɨɫɥɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɚɧɨɞɧɨɝɨ ɪɚɫ-
ɬɜɨɪɟɧɢɹ (ɛ), ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɮɪɚɤɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 

 
ɉɨɫɥɟ ɧɚɧɟɫɟɧɢɹ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɜ ɞɜɭɯ ɪɚɫɬɜɨɪɚɯ ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟ-

ɧɢɹ ɩɨɬɟɪɢ ɦɚɫɫɵ ɨɛɪɚɡɰɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. β. 
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Ɋɢɫ. β. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɨɬɟɪɢ ɦɚɫɫɵ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɩɪɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ  
ɚɧɨɞɧɨɦ ɪɚɫɬɜɨɪɟɧɢɢ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ AХ–Li–CЮ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɟɥɢɱɢɧɚɯ ɩɥɨɬɧɨɫɬɢ 
ɬɨɤɚ: ● – ɪɟɠɢɦ 1;  – ɪɟɠɢɦ 2 

 
ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɩɨɬɟɪɹ ɦɚɫɫɵ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɶɲɟ, ɱɬɨ 

ɦɨɠɟɬ ɛɵɬɶ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɨ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ. ɉɪɢ ɷɬɨɦ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ 
ȺɊ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ AХ–Li–CЮ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɪɚɫɬɜɨɪɟɧɢɹ ɫɩɥɚɜɚ ɫ ɜɵɫɨɤɨɣ ɫɤɥɨɧɧɨ-
ɫɬɶɸ ɤ ɆɄɄ Д18Ж, ɞɚɧɧɵɟ ɞɥɹ ɞɜɭɯ ɪɟɠɢɦɨɜ ɨɬɥɢɱɚɸɬɫɹ – ɩɪɢ ɛɨɥɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ 
ɷɥɟɤɬɪɢɱɟɫɬɜɚ (ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɫɭɥɶɮɚɬɧɨ-ɯɥɨɪɢɞɧɨɦ ɪɚɫɬɜɨɪɟ) ɩɨɬɟɪɹ ɦɚɫɫɵ ɭɜɟ-
ɥɢɱɢɜɚɟɬɫɹ. Ɋɚɧɟɟ ɭɤɚɡɵɜɚɥɨɫɶ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ ɦɨɳɧɨɫɬɢ ɩɢɬɬɢɧɝɨɜɨɝɨ ɩɪɨɛɨɹ ɩɪɢ 
ɛɨɥɶɲɟɦ ɚɧɨɞɧɨɦ ɬɨɤɟ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɯɢɦɢ-
ɱɟɫɤɨɣ ɪɟɚɤɰɢɢ (ɞɨ ɦɨɦɟɧɬɚ ɨɛɪɚɡɨɜɚɧɢɹ ɩɚɫɫɢɜɧɨɣ ɩɥɟɧɤɢ) – ɥɢɛɨ ɡɚ ɫɱɟɬ ɥɨɤɚɥɶɧɨɝɨ 
ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɦɟɫɬɟ ɩɪɨɛɨɹ, ɥɢɛɨ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɤɢɫɥɨɬɧɨɫɬɢ ɫɪɟɞɵ 
ɛɥɚɝɨɞɚɪɹ ɝɢɞɪɨɥɢɡɭ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɞɭɤɬɨɜ ɤɨɪɪɨɡɢɢ ɞɨ ɦɨɦɟɧɬɚ ɞɢɮɮɭɡɢ-
ɨɧɧɨɝɨ ɜɵɪɚɜɧɢɜɚɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɬɜɨɪɚ.  

ɉɨɫɥɟ ɧɚɧɟɫɟɧɢɹ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɜ ɞɜɭɯ ɪɚɫɬɜɨɪɚɯ ɬɚɤɠɟ ɩɨɥɭɱɟɧɵ ɪɟ-
ɡɭɥɶɬɚɬɵ ɝɥɭɛɢɧɵ ɩɢɬɬɢɧɝɨɜ ɨɛɪɚɡɰɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. γ.  
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Ɋɢɫ. γ. Ɂɚɜɢɫɢɦɨɫɬɶ ɝɥɭɛɢɧɵ ɩɢɬɬɢɧɝɨɜ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɩɪɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ 
ɚɧɨɞɧɨɦ ɪɚɫɬɜɨɪɟɧɢɢ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ AХ–Li–Cu ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɟɥɢɱɢɧɚɯ ɩɥɨɬɧɨɫɬɢ 
ɬɨɤɚ: ● – ɪɟɠɢɦ 1;  – ɪɟɠɢɦ 2 

 
Ⱦɥɹ ɪɟɠɢɦɨɜ 1 ɢ 2 ɧɚɛɥɸɞɚɸɬɫɹ ɩɨɞɨɛɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɝɥɭɛɢɧɵ ɩɢɬɬɢɧɝɚ ɨɬ 

ɭɞɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ ɫɬɟɩɟɧ-
ɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ. ɋ ɭɱɟɬɨɦ ɛɨɥɶɲɟɣ ɩɨɬɟɪɢ ɦɚɫɫɵ ɞɥɹ ɪɟɠɢɦɚ 1 ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ 
ȺɊ ɦɨɠɧɨ ɨɠɢɞɚɬɶ ɞɥɹ ɞɚɧɧɨɝɨ ɪɟɠɢɦɚ ɢ ɛяɥɶɲɢɟ ɝɥɭɛɢɧɵ ɩɢɬɬɢɧɝɨɜ. ɇɚ ɪɢɫ. γ ɜɢɞ-
ɧɨ, ɱɬɨ ɝɥɭɛɢɧɵ ɩɢɬɬɢɧɝɨɜ ɞɥɹ ɪɟɠɢɦɚ 1 ɧɟɦɧɨɝɨ ɩɪɟɜɵɲɚɸɬ ɝɥɭɛɢɧɵ ɞɥɹ ɪɟɠɢɦɚ 2. 

ɇɚ ɪɢɫ. 4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɡɧɚɱɟɧɢɣ ɩɨɬɟɪɢ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɨɬ ɩɪɨ-
ɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɚɫɬɜɨɪɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜ 
ɤɚɱɟɫɬɜɟ ɩɪɨɱɧɨɫɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɟɥɢɱɢɧɵ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, 
ɱɬɨ ɭɤɚɡɚɧɧɚɹ ɜɟɥɢɱɢɧɚ ɨɛɥɚɞɚɟɬ ɦɟɧɶɲɢɦ ɪɚɡɛɪɨɫɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɭɫɬɚɥɨɫɬɧɨɣ ɞɨɥɝɨɜɟɱɧɨɫɬɶɸ. Ⱦɚɧɧɵɣ ɮɚɤɬ ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɟɧ ɞɥɹ ɩɪɨɜɟ-
ɞɟɧɢɹ ɜ ɞɚɥɶɧɟɣɲɟɦ ɫɪɚɜɧɟɧɢɹ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ȺɊ, ɫ ɞɚɧɧɵɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ 
ɩɪɢ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɹɯ. 
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ɍɞɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɢɱɟɫɬɜɚ, Ʉɥ/ɫɦ2

 
Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɩɪɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ 

ɚɧɨɞɧɨɦ ɪɚɫɬɜɨɪɟɧɢɢ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ AХ–Li–Cu ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɟɥɢɱɢɧɚɯ ɩɥɨɬɧɨɫɬɢ 
ɬɨɤɚ: ● – ɪɟɠɢɦ 1;  – ɪɟɠɢɦ 2 

 
ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɭɞɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɧɚɛɥɸɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ 

ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ, ɤɨɬɨɪɨɟ ɜ ɞɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɦɨɠɧɨ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɫɬɟɩɟɧɧɵɦɢ 
ɮɭɧɤɰɢɹɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɧɚ ɪɢɫ. 4. ȼɢɞɧɨ, ɱɬɨ ɞɥɹ ɪɟɠɢɦɚ 1 ɫɧɢɠɟɧɢɟ ɩɪɨɱɧɨɫɬ-
ɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɛɨɥɶɲɟ, ɱɟɦ ɞɥɹ ɪɟɠɢɦɚ 2, ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɡɚɞɚɜɚɟɦɵɯ ɜɟɥɢɱɢɧɚɯ 
ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ. ɉɨɫɤɨɥɶɤɭ ɞɥɹ ɪɟɠɢɦɚ 1 ɬɚɤɠɟ ɩɨɥɭɱɟɧɵ ɛяɥɶɲɢɟ ɩɨɬɟɪɢ 
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ɦɚɫɫɵ, ɬɨ ɨɩɪɟɞɟɥɟɧɢɟ ɜɥɢɹɧɢɹ ɪɟɠɢɦɚ ȺɊ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɡɚɜɢɫɢɦɨɫɬɢ 
ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɭɞɟɥɶɧɨɣ ɩɨɬɟɪɢ ɦɚɫɫɵ (ɪɢɫ. η). 
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ɍɞɟɥɶɧɚɹ ɩɨɬɟɪɹ ɦɚɫɫɵ, ɝ/ɦ2  
Ɋɢɫ. η. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɭɞɟɥɶɧɨɣ ɩɨɬɟɪɢ ɦɚɫɫɵ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚ-

ɜɚ ɫɢɫɬɟɦɵ AХ–Li–CЮ ɩɨɫɥɟ ɢɯ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɚɧɨɞɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɟɥɢɱɢ-
ɧɚɯ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ: ● – ɪɟɠɢɦ 1;  – ɪɟɠɢɦ 2 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫ. η, ɜ ɨɬɥɢɱɢɟ ɨɬ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɪɟ-

ɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ, ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɨɬ ɩɨɬɟɪɢ 
ɦɚɫɫɵ ɞɥɹ ɪɟɠɢɦɨɜ 1 ɢ 2 ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɪɚɡɥɢɱɚɸɬɫɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ 
ɦɨɞɟɥɢ ɜɥɢɹɧɢɹ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɧɚ ɩɪɨɱɧɨɫɬɶ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ (ɜ ɞɚɧ-
ɧɨɦ ɫɥɭɱɚɟ ɫ ɧɟɜɵɫɨɤɨɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɆɄɄ) ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɟ ɩɨ ɨɛɨɢɦ 
ɪɟɠɢɦɚɦ.  

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ ɫɨɨɬɜɟɬɫɬɜɢɹ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɧɚ ɚɥɸɦɢɧɢɟ-
ɜɨɦ ɫɩɥɚɜɟ ɫɢɫɬɟɦɵ Al–Li–Cu, ɧɚɧɟɫɟɧɧɵɯ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ ɩɭɬɟɦ ɤɨɦ-
ɛɢɧɢɪɨɜɚɧɧɨɝɨ ȺɊ, ɢ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɬɭɪɧɵɯ 
ɢɫɩɵɬɚɧɢɣ Дβγ, β4Ж, ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɜɥɢɹɧɢɹ ɭɤɚɡɚɧɧɵɯ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ 
ɧɚ ɜɟɥɢɱɢɧɭ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ (ɪɢɫ. θ). 
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ɍɞɟɥɶɧɚɹ ɩɨɬɟɪɹ ɦɚɫɫɵ, ɝ/ɦ2

 
Ɋɢɫ. θ. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ɫɢ-

ɫɬɟɦɵ Al–Li–Cu ɨɬ ɜɟɥɢɱɢɧɵ ɢɯ ɭɞɟɥɶɧɨɣ ɩɨɬɟɪɢ ɦɚɫɫɵ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɧɚɬɭɪɧɨɣ ɷɤɫɩɨɡɢ-
ɰɢɢ () ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɚɧɨɞɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ () [23, 24] 

 
Ɂɚɜɢɫɢɦɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɩɪɟɞɟɥɚ 

ɩɪɨɱɧɨɫɬɢ) ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Al–Li–Cu ɨɬ ɜɟɥɢɱɢɧɵ ɢɯ ɭɞɟɥɶɧɨɣ ɩɨɬɟɪɢ 
ɦɚɫɫɵ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɧɚɬɭɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ȺɊ ɩɪɢ ɛяɥɶɲɢɯ 
ɡɧɚɱɟɧɢɹɯ (>η0 ɝ/ɦ2) ɩɨɬɟɪɢ ɦɚɫɫɵ (ɢɥɢ ɜɟɥɢɱɢɧɵ ɭɞɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ 
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ȺɊ) ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɸɬ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɛɪɚɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤ-
ɬɪɢɱɟɫɬɜɚ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɧɢɬɪɚɬɧɨ-ɫɭɥɶɮɚɬɧɨ-ɯɥɨɪɢɞɧɨɦ ɢ ɜ ɫɭɥɶɮɚɬɧɨ-ɯɥɨɪɢɞɧɨɦ 
ɪɚɫɬɜɨɪɟ (ɪɟɠɢɦ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ȺɊ) Q1/Q2=2 ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɦ ɞɥɹ ɧɚɧɟɫɟɧɢɹ 
ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɧɚ ɚɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ ɫ ɧɟɜɵɫɨɤɨɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɆɄɄ 
ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɩɨɬɟɪɶ ɢɯ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ. ȼɫɥɟɞɫɬɜɢɟ ɫɨɜɩɚɞɟɧɢɹ ɞɚɧɧɵɯ, 
ɩɨɥɭɱɟɧɧɵɯ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ȺɊ ɩɨ ɜɵ-
ɛɪɚɧɧɨɦɭ ɪɟɠɢɦɭ, ɞɪɭɝɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ, ɩɪɢɥɨɠɟɧɧɨɝɨ ɜ 
ɞɜɭɯ ɪɚɫɬɜɨɪɚɯ, ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ.  

Ⱦɥɹ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɞɚɧɧɵɯ ɩɨ ɆɄɄ. ɇɚ ɪɢɫ. 7 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɲɥɢɮɨɜ ɨɛɪɚɡɰɨɜ ɢɡ ɚɥɸɦɢɧɢɟɜɨɝɨ 
ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ AХ–Li–Cu ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ȺɊ ɫ ɜɵɫɨɤɢɦ ɡɧɚɱɟɧɢ-
ɟɦ ɭɞɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɢ ɩɨɫɥɟ ɧɚɬɭɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ Дβγ, β4Ж. Ʉɚɤ ɜɢɞ-
ɧɨ, ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɵɟ ɩɨɪɚɠɟɧɢɹ ɨɱɟɧɶ ɩɨɯɨɠɢ.  

 
ɛ)ɚ)

 
Ɋɢɫ. 7. Ɇɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ AХ–Li–Cu ɩɨɫɥɟ  

ɩɪɨɜɟɞɟɧɢɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɚɧɨɞɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ (ɚ) ɢ ɩɨɫɥɟ 1 ɝɨɞɚ ɧɚɬɭɪɧɨ-ɭɫɤɨɪɟɧɧɵɯ 
ɢɫɩɵɬɚɧɢɣ ɫ ɧɚɧɟɫɟɧɢɟɦ ɦɨɪɫɤɨɣ ɫɨɥɢ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 10 ɝ/ɥ (ɛ) [23, 24] 

 
ɇɚ ɪɢɫ. 8 ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɚɧɧɵɟ ɩɨ ɝɥɭɛɢɧɟ ɆɄɄ ɞɥɹ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ɫɢɫɬɟ-

ɦɵ Al–Li–CЮ , ɩɪɨɲɟɞɲɢɯ ɧɚɬɭɪɧɭɸ ɷɤɫɩɨɡɢɰɢɸ ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɟ ȺɊ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɟɥɢɱɢɧɵ ɩɨɬɟɪɢ ɦɚɫɫɵ. 
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ɍɞɟɥɶɧɚɹ ɩɨɬɟɪɹ ɦɚɫɫɵ, ɝ/ɦ2
 

Ɋɢɫ. 8. Ɂɚɜɢɫɢɦɨɫɬɶ ɝɥɭɛɢɧɵ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɨɣ ɤɨɪɪɨɡɢɢ ɨɬ ɜɟɥɢɱɢɧɵ ɭɞɟɥɶɧɨɣ ɩɨɬɟɪɢ 
ɦɚɫɫɵ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ AХ–Li–Cu ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɧɚɬɭɪɧɨɣ ɷɤɫɩɨɡɢɰɢɢ () ɢ ɤɨɦɛɢɧɢɪɨɜɚɧ-
ɧɨɝɨ ɚɧɨɞɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ () [23, 24] 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫ. 8, ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɧɚɬɭɪɧɵɯ 
ɢɫɩɵɬɚɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɫɢɥɶɧɨɟ ɪɚɡɜɢɬɢɟ ɆɄɄ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜ ɷɬɨɬ ɩɟɪɢɨɞ ɨɫɧɨɜɧɨɟ 
ɜɥɢɹɧɢɟ ɧɚ ɫɧɢɠɟɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɛɭɞɭɬ ɨɤɚɡɵɜɚɬɶ ɢɦɟɧɧɨ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɵɟ 
ɤɨɪɪɨɡɢɨɧɧɵɟ ɩɨɪɚɠɟɧɢɹ. ɉɨɫɤɨɥɶɤɭ ɩɪɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ȺɊ ɞɨ ɡɧɚɱɟɧɢɣ ɭɞɟɥɶɧɨɣ 
ɩɨɬɟɪɢ ɦɚɫɫɵ <η0 ɝ/ɦ2 ɡɧɚɱɟɧɢɹ ɝɥɭɛɢɧ ɆɄɄ ɨɤɚɡɵɜɚɸɬɫɹ ɦɟɧɶɲɟ, ɱɟɦ ɩɪɢ ɧɚɬɭɪɧɵɯ 
ɢɫɩɵɬɚɧɢɹɯ ɩɪɢ ɬɟɯ ɠɟ ɡɧɚɱɟɧɢɹɯ ɭɞɟɥɶɧɨɣ ɩɨɬɟɪɢ ɦɚɫɫɵ, ɬɨ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜ ɷɬɨɬ 
ɩɟɪɢɨɞ ɡɧɚɱɟɧɢɹ ɩɨɬɟɪɶ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ (ɪɢɫ. θ) ɬɚɤɠɟ ɨɤɚɡɵɜɚɸɬɫɹ ɦɟɧɶɲɟ.  

ɉɪɢɱɢɧɨɣ ɫɬɨɥɶ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɆɄɄ ɜ ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚ-
ɧɢɣ, ɜɟɪɨɹɬɧɨ, ɹɜɥɹɟɬɫɹ ɛяɥɶɲɚɹ ɞɨɥɹ ɪɟɚɤɰɢɢ ɩɨ ɯɢɦɢɱɟɫɤɨɦɭ ɦɟɯɚɧɢɡɦɭ ɪɚɫɬɜɨɪɟɧɢɹ 
ɚɥɸɦɢɧɢɹ ɩɨɫɥɟ ɩɪɨɛɨɹ ɩɚɫɫɢɜɧɨɣ ɩɥɟɧɤɢ ɜ ɨɛɥɚɫɬɢ ɝɪɚɧɢɰ ɡɟɪɟɧ. ɋɟɝɪɟɝɚɰɢɹ ɤɚɬɨɞ-
ɧɵɯ ɜɤɥɸɱɟɧɢɣ ɜɛɥɢɡɢ ɝɪɚɧɢɰ ɡɟɪɟɧ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɶɲɟɣ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ ɤɚɬɨɞ-
ɧɵɯ ɢ ɚɧɨɞɧɵɯ ɭɱɚɫɬɤɨɜ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ, ɫɨɝɥɚɫɧɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ ɨ ɦɟɯɚɧɢɡɦɟ ɩɢɬ-
ɬɢɧɝɨɜɨɣ ɤɨɪɪɨɡɢɢ Дβη, βθЖ, ɛɨɥɶɲɟɦɭ ɡɧɚɱɟɧɢɸ ɬɨɤɚ ɩɪɨɛɨɹ, ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤ ɛɨ-
ɥɟɟ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɜɵɞɟɥɟɧɢɸ ɷɧɟɪɝɢɢ. Ɂɚɦɟɬɢɦ, ɱɬɨ ɆɄɄ ɢɦɟɟɬ ɨɛɳɢɣ ɷɥɟɤɬɪɨɯɢɦɢ-
ɱɟɫɤɢɣ ɦɟɯɚɧɢɡɦ ɫ ɩɢɬɬɢɧɝɨɜɨɣ ɤɨɪɪɨɡɢɟɣ Д1Ж.  

ɉɪɢ ɞɥɢɬɟɥɶɧɨɦ ɩɪɨɬɟɤɚɧɢɢ ɩɪɨɰɟɫɫɨɜ ɤɨɪɪɨɡɢɢ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɞɚɠɟ ɫ 
ɧɟɜɵɫɨɤɨɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɆɄɄ, ɚ ɬɚɤɠɟ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɨɣ ɫɤɨɪɨɫɬɶɸ ɤɨɪɪɨɡɢɢ ɩɪɢ 
ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɹɯ (ɜ ɨɬɥɢɱɢɟ ɨɬ ɭɫɤɨɪɟɧɧɵɯ) ɛяɥɶɲɚɹ ɞɨɥɹ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ 
ɨɤɢɫɥɟɧɢɹ ɚɥɸɦɢɧɢɹ ɧɚ ɝɪɚɧɢɰɟ ɡɟɪɟɧ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɶɲɟɣ ɫɤɨɪɨɫɬɢ ɪɚɡɜɢɬɢɹ ɆɄɄ. 
ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ȺɊ ɬɚɤɨɣ ɫɤɨɪɨɫɬɢ ɪɚɡɜɢɬɢɹ ɆɄɄ ɩɪɢ ɧɟɛɨɥɶ-
ɲɢɯ ɡɧɚɱɟɧɢɹɯ ɭɞɟɥɶɧɨɣ ɩɨɬɟɪɢ ɦɚɫɫɵ (<η0 ɝ/ɦ2) ɞɨɛɢɬɶɫɹ ɧɟ ɭɞɚɥɨɫɶ. ɋɤɨɪɟɟ ɜɫɟɝɨ, ɡɚ 
ɷɬɨɬ ɩɟɪɢɨɞ ɞɨɛɢɬɶɫɹ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ, ɢɞɟɧɬɢɱɧɵɯ ɩɪɨɢɫ-
ɯɨɞɹɳɢɦ ɩɪɢ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɹɯ, ɬ. ɟ. ɫ ɬɚɤɢɦ ɠɟ ɫɨɨɬɧɨɲɟɧɢɟɦ ɦɟɠɞɭ ɩɢɬɬɢɧɝɨɜɨɣ 
ɤɨɪɪɨɡɢɟɣ ɢ ɆɄɄ, ɫ ɩɨɦɨɳɶɸ ȺɊ ɜ ɝɚɥɶɜɚɧɨɫɬɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɟɥɶ-
ɡɹ. ȼɟɪɨɹɬɧɨ, ɷɬɨ ɜɨɡɦɨɠɧɨ ɪɟɚɥɢɡɨɜɚɬɶ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ȺɊ ɜ ɢɦɩɭɥɶɫɧɨɦ ɪɟɠɢɦɟ, ɱɬɨ 
ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ.  

ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɪɢ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɹɯ ɢɡ-ɡɚ ɜɨɡɪɚɫɬɚɧɢɹ ɨɦɢɱɟɫɤɨɣ ɫɨɫɬɚɜ-
ɥɹɸɳɟɣ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ ɜɫɥɟɞɫɬɜɢɟ ɞɢɮɮɭɡɢɨɧɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ Дβ7, β8Ж ɪɚɡ-
ɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɦɟɠɞɭ ɤɚɬɨɞɧɵɦɢ ɢ ɚɧɨɞɧɵɦɢ ɭɱɚɫɬɤɚɦɢ ɭɦɟɧɶɲɚɟɬɫɹ, ɱɬɨ ɩɪɢɜɨ-
ɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɫɤɨɪɨɫɬɢ ɪɚɡɜɢɬɢɹ ɆɄɄ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢ ɜɟɥɢɱɢɧɟ ɭɞɟɥɶɧɨɣ ɩɨɬɟɪɢ 
ɦɚɫɫɵ >η0 ɝ/ɦ2 ɩɪɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ȺɊ ɡɧɚɱɟɧɢɹ ɝɥɭɛɢɧ ɆɄɄ ɫɬɚɧɨɜɹɬɫɹ ɛɥɢɡɤɢ ɤ 
ɡɧɚɱɟɧɢɹɦ, ɩɨɥɭɱɟɧɧɵɦ ɩɪɢ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɹɯ (ɪɢɫ. 8). ɋ ɭɱɟɬɨɦ ɧɚɧɟɫɟɧɢɹ ɩɢɬ-
ɬɢɧɝɨɜɵɯ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɜɨ ɜɪɟɦɹ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ȺɊ ɫ 
ɬɟɦ ɠɟ ɮɚɤɬɨɪɨɦ ɩɢɬɬɢɧɝɨɜɨɣ ɤɨɪɪɨɡɢɢ, ɤɚɤ ɢ ɩɪɢ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɹɯ Д17Ж, ɩɨɥɭɱɟɧɨ 
ɫɨɜɩɚɞɟɧɢɟ ɩɨ ɜɟɥɢɱɢɧɚɦ ɩɨɬɟɪɢ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɨɫɥɟ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɢ ɩɨɫɥɟ 
ɩɪɢɦɟɧɟɧɧɨɝɨ ɪɟɠɢɦɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ȺɊ. ɉɨɫɤɨɥɶɤɭ ɦɟɬɨɞɢɤɚ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɞɨɥɠɧɚ ɩɪɢɦɟɧɹɬɶɫɹ ɧɚ ɞɥɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɤɥɢɦɚɬɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɬɨ ɦɨɠɧɨ ɡɚ-
ɤɥɸɱɢɬɶ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɩɨɞɯɨɞ ɩɨ ɧɚɧɟɫɟɧɢɸ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɧɚ ɥɢɫɬɨ-
ɜɵɟ ɩɨɥɭɮɚɛɪɢɤɚɬɵ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɫ ɧɟɜɵɫɨɤɨɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɆɄɄ ɩɭɬɟɦ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ȺɊ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɪɚɛɨɬɨɫɩɨ-
ɫɨɛɧɵ ɢ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɭɞɟɥɶɧɨɣ ɩɨɬɟɪɢ ɦɚɫɫɵ >η0 ɝ/ɦ2. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɭɞɟɥɶɧɨɣ ɩɨɬɟɪɢ ɦɚɫɫɵ (ɢɥɢ ɭɞɟɥɶɧɨɝɨ ɤɨɥɢɱɟ-
ɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ) ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɞɚɧɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɨɞɟɥɢ ɩɪɨɝɧɨɡɢɪɨɜɚ-
ɧɢɹ ɫɧɢɠɟɧɢɹ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɤɨɪɪɨ-
ɡɢɨɧɧɨɣ ɩɨɜɪɟɠɞɚɟɦɨɫɬɢ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ, ɤɚɤ ɷɬɨ ɩɪɟɞɥɨɠɟɧɨ ɜ ɪɚɛɨɬɚɯ Дβ9, γ0Ж. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɧɚɧɟɫɟɧɢɹ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɧɚ ɥɢɫɬɨɜɵɟ ɩɨɥɭ-
ɮɚɛɪɢɤɚɬɵ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɫ ɧɟɜɵɫɨɤɨɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɆɄɄ ɩɭɬɟɦ ɤɨɦɛɢɧɢ-
ɪɨɜɚɧɧɨɝɨ ȺɊ – ɫɧɚɱɚɥɚ ɜ ɧɢɬɪɚɬɧɨ-ɫɭɥɶɮɚɬɧɨ-ɯɥɨɪɢɞɧɨɦ ɪɚɫɬɜɨɪɟ, ɚ ɡɚɬɟɦ ɜ ɫɭɥɶɮɚɬ-
ɧɨ-ɯɥɨɪɢɞɧɨɦ. ȼɵɛɪɚɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɠɢɦɵ ɧɚɧɟɫɟɧɢɹ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɧɚ 
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ɥɢɫɬɨɜɵɟ ɩɨɥɭɮɚɛɪɢɤɚɬɵ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɫ ɧɟɜɵɫɨɤɨɣ ɢ ɜɵɫɨɤɨɣ ɫɤɥɨɧɧɨ-
ɫɬɶɸ ɤ ɆɄɄ ɧɚ ɨɫɧɨɜɟ ɢɯ ɫɨɨɬɜɟɬɫɬɜɢɹ ɤɨɪɪɨɡɢɨɧɧɵɦ ɩɨɪɚɠɟɧɢɹɦ, ɩɨɥɭɱɟɧɧɵɦ ɩɪɢ 
ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɹɯ.  

ɇɚ ɨɫɧɨɜɟ ɦɟɬɨɞɢɤɢ ɧɚɧɟɫɟɧɢɹ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɧɚ ɥɢɫɬɨɜɵɟ ɩɨɥɭɮɚɛ-
ɪɢɤɚɬɵ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɫ ɧɟɜɵɫɨɤɨɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɆɄɄ (ɧɚ ɩɪɢɦɟɪɟ ɫɩɥɚɜɚ 
ɫɢɫɬɟɦɵ AХ–Li–CЮ) ɩɪɟɞɥɨɠɟɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɦɨɞɟɥɶ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɩɨɬɟɪɢ 
ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɨɜɢɬɶ ɜ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɤɨɪɪɨɡɢɨɧɧɨɣ 
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