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ɂɫɫɥɟɞɨɜɚɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɭɝɥɟɩɥɚɫɬɢɤɚ, ɢɡɝɨɬɨɜɥɟɧɧɨ-
ɝɨ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɨɛɴɟɦɧɨ-ɚɪɦɢɪɨɜɚɧɧɨɣ ɩɪɟɮɨɪɦɵ, ɨɬ ɜɢɞɚ ɩɥɟɬɟɧɢɹ ɜɨɥɨɤɨɧ ɜ ɩɪɟ-
ɮɨɪɦɟ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɭɝɥɟɩɥɚɫɬɢɤ, ɩɨɥɭɱɟɧɧɵɣ ɧɚ ɨɫɧɨɜɟ ɩɪɟɮɨɪɦ ɨɪɬɨɝɨɧɚɥɶɧɨɣ 
ɫɬɪɭɤɬɭɪɵ, ɨɛɥɚɞɚɟɬ ɥɭɱɲɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɱɟɦ ɭɝɥɟɩɥɚɫɬɢɤ, ɩɨɥɭɱɟɧɧɵɣ ɧɚ ɨɫ-
ɧɨɜɟ ɩɪɟɮɨɪɦ ɫɚɬɢɧɨɜɨɣ ɫɬɪɭɤɬɭɪɵ ɚɪɦɢɪɨɜɚɧɢɹ. ɉɪɢɜɟɞɟɧɵ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɩɨɥɭ-
ɱɟɧɧɵɯ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɢ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɨɬɞɟɥɶɧɵɯ ɮɢɥɚɦɟɧɬɨɜ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɭɝɥɟ-
ɪɨɞɧɨɝɨ ɜɨɥɨɤɧɚ. Ⱦɚɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɭɥɭɱɲɟɧɢɸ ɡɧɚɱɟɧɢɣ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ  
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɫɫɥɟɞɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

Кɥɸɱɟɜыɟ ɫɥɨɜɚ: ɭɝɥɟɩɥɚɫɬɢɤ, ɨɛɴɟɦɧɨ-ɚɪɦɢɪɨɜɚɧɧɚɹ ɩɪɟɮɨɪɦɚ, ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɮɢɥɚɦɟɧɬ. 

 
A.A. Evdokimov1, I.N. Gulyaev1, I.V. Zelenina1 
 
INVESTIGATION  OF  THE  PHYSICOMECHANICAL  PROPERTIES 
AND  MICROSTRUCTURE  OF  VOLUME-REINFORCED 
CARBON  FIBER  REINFORCED  PLASTIC 

 
Devoted to the study of the dependence of the physicomechanical properties of carbon-fiber 

reinforced plastic made using volume-reinforced preform on the type of weaving of fibers in the 
preform. It is shown that carbon fiber reinforced plastic obtained on the basis of the preforms of 
the orthogonal structure has better characteristics than carbon fiber reinforced plastic obtained 
on the basis of the preforms of the satin reinforcement structure. Micrographs of the obtained 
carbon fiber reinforced plastic and micrographs of individual filaments of carbon fiber used are 
shown. Recommendations are given to improve the values of the physicomechanical character-
istics of the materials under study. 

Keywords: carbon-fiber reinforced plastic, volume-reinforced preform, physicɨmechanical 
characteristics, filament. 
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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 ɜ ɢɧɨɫɬɪɚɧɧɵɯ ɤɨɦɩɚɧɢɹɯ ɧɚɦɟɬɢɥɫɹ ɬɪɟɧɞ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ 

ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɞɟɬɚɥɟɣ ɚɜɢɚɰɢɨɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ  
ɦɚɬɟɪɢɚɥɨɜ (ɉɄɆ) ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɨɛɴɟɦɧɨ-ɚɪɦɢɪɨɜɚɧɧɵɯ ɰɟɥɶɧɨɬɤɚɧɵɯ ɩɪɟɮɨɪɦ – 
ɭɝɥɟɪɨɞɧɵɯ ɢ ɫɬɟɤɥɹɧɧɵɯ Д1–3Ж. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɪɟɱɶ ɢɞɟɬ ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɰɟɥɶɧɨ-
ɬɤɚɧɵɯ ɨɛɴɟɦɧɵɯ ɩɪɟɮɨɪɦ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɥɨɩɚɬɨɤ ɜɟɧɬɢɥɹɬɨɪɚ ɚɜɢɚɰɢɨɧɧɨɝɨ  
ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ (ȽɌȾ), ɱɬɨ ɜɩɨɥɧɟ ɭɫɩɟɲɧɨ ɪɟɲɟɧɨ ɤɨɧɫɨɪɰɢɭɦɨɦ GОЧОrКХ 
EХОМЭrТМ ɢ SЧОМЦК ɞɥɹ ɞɜɢɝɚɬɟɥɹ δEAP-Б Д4, 5Ж. ȼ ɨɬɥɢɱɢɟ ɨɬ ɥɨɩɚɬɤɢ, ɢɡɝɨɬɨɜɥɟɧɧɨɣ 
ɞɥɹ ɞɜɢɝɚɬɟɥɹ GE90 ɦɟɬɨɞɨɦ ɪɭɱɧɨɣ ɜɵɤɥɚɞɤɢ ɩɪɟɩɪɟɝɚ ɢ ɚɜɬɨɤɥɚɜɧɵɦ ɮɨɪɦɨɜɚɧɢɟɦ, 
ɤɨɬɨɪɚɹ ɩɨɞɜɟɪɠɟɧɚ ɪɚɫɫɥɨɟɧɢɸ ɢ ɢɦɟɟɬ ɧɢɡɤɭɸ ɫɬɨɣɤɨɫɬɶ ɤ ɭɞɚɪɧɵɦ ɧɚɝɪɭɡɤɚɦ ɢ 
ɭɫɬɚɥɨɫɬɧɨɦɭ ɪɚɡɪɭɲɟɧɢɸ, ɥɨɩɚɬɤɚ, ɜɵɩɨɥɧɟɧɧɚɹ ɧɚ ɨɫɧɨɜɟ ɨɛɴɟɦɧɨɣ ɬɤɚɧɨɣ ɩɪɟɮɨɪ-
ɦɵ, ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɨ ɬɨɥɳɢɧɟ (ɜ ɝɨɪɚɡɞɨ  
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ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɩɨɞɜɟɪɠɟɧɚ ɪɚɫɫɥɨɟɧɢɸ) ɢ ɥɭɱɲɢɦɢ ɩɪɨɱɧɨɫɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ  
ɩɪɢ ɩɨɩɚɞɚɧɢɢ ɜ ɧɟɟ ɩɨɫɬɨɪɨɧɧɢɯ ɩɪɟɞɦɟɬɨɜ Д6, 7Ж. 

Ɉɬɟɱɟɫɬɜɟɧɧɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɬɚɤɠɟ ɨɫɜɚɢɜɚɟɬ ɬɟɯɧɨɥɨɝɢɸ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡ-
ɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɢɡ ɉɄɆ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɰɟɥɶɧɨɬɤɚɧɵɯ ɩɪɟɮɨɪɦ Д8–11]. 
Ɍɚɤ, ɜɨ ɎȽɍɉ «ȼɂȺɆ» ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɜɨɞɢɬɫɹ ɪɚɛɨɬɚ ɩɨ ɢɡɝɨɬɨɜɥɟɧɢɸ ɪɚɛɨ-
ɱɟɝɨ ɤɨɥɟɫɚ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ (ɊɄɐɄ) ɢɡ ɉɄɆ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɞɨ 300°ɋ, ɫ ɥɨɩɚɬɨɱɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɧɚ ɨɫɧɨɜɟ ɨɛɴɟɦɧɨ-ɚɪɦɢɪɨɜɚɧɧɨɣ ɬɤɚɧɨɣ ɩɪɟ-
ɮɨɪɦɵ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɜɟɪɬɨɥɟɬɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. Ⱦɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɄɉȾ ɜɟɪɬɨɥɟɬɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɊɄɐɄ, ɫɨɝɥɚɫɧɨ ɩɪɨɜɟɞɟɧɧɵɦ 
ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɦ ɪɚɫɱɟɬɚɦ, ɞɨɥɠɧɨ ɜɵɞɟɪɠɢɜɚɬɶ 40000ޓ ɨɛ/ɦɢɧ, ɱɬɨ ɧɚɥɚɝɚɟɬ ɨɫɨɛɵɟ 
ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɱɧɨɫɬɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɦɚɬɟɪɢɚɥɚ ɢ ɤɨɧɫɬɪɭɤɰɢɢ ɥɨɩɚɬɨɱɧɨɝɨ ɷɥɟ-
ɦɟɧɬɚ ɜ ɰɟɥɨɦ. ɉɪɟɠɞɟ ɜɫɟɝɨ, ɦɚɬɟɪɢɚɥ ɞɨɥɠɟɧ ɨɛɥɚɞɚɬɶ ɫɪɚɜɧɢɬɟɥɶɧɨ ɜɵɫɨɤɢɦɢ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɚɦɢ ɩɪɢ 20°ɋ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ (ıɜ≥400 Ɇɉɚ, ȿɜ≥50 Ƚɉɚ) ɢ ɫɞɜɢɝɟ ɜ ɩɥɨɫɤɨɫɬɢ 
ɥɢɫɬɚ (12≥45 Ɇɉɚ, G12≥4 Ƚɉɚ). ɉɪɢ ɷɬɨɦ ɢɡɝɨɬɨɜɥɟɧɢɟ ɥɨɩɚɬɨɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɞɨɥɠɧɨ 
ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɢɡ ɭɝɥɟɪɨɞɧɵɯ ɜɨɥɨɤɨɧ ɩɨɞɯɨɞɹɳɟɣ ɩɪɨɱɧɨɫɬɢ ɢ ɠɟɫɬɤɨɫɬɢ. 

ɉɨɞɨɛɧɭɸ ɪɚɛɨɬɭ ɩɨ ɢɡɝɨɬɨɜɥɟɧɢɸ ɊɄɐɄ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ ɩɪɨɜɨɞɢɥɢ ɜɨ ɎȽɍɉ 
«ȼɂȺɆ» ɜ 2013–2014 ɝɨɞɚɯ Д12Ж. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɥɨɩɚɬɨɱɧɨɝɨ 
ɷɥɟɦɟɧɬɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɥɚ ɪɭɱɧɭɸ ɜɵɤɥɚɞɤɭ ɬɤɚɧɨɝɨ ɧɚɩɨɥɧɢɬɟɥɹ ɜ ɩɪɟɫɫ-ɮɨɪɦɭ ɫ ɨɛ-
ɪɚɡɨɜɚɧɢɟɦ ɡɚɝɨɬɨɜɤɢ, ɧɚ ɤɨɬɨɪɭɸ ɩɨɦɟɳɚɸɬ ɪɚɫɱɟɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɜɹɡɭɸɳɟɝɨ, ɩɨɫɥɟ 
ɱɟɝɨ ɩɪɟɫɫ-ɮɨɪɦɭ ɝɟɪɦɟɬɢɱɧɨ ɡɚɤɪɵɜɚɸɬ, ɩɪɨɢɡɜɨɞɹɬ ɧɚɝɪɟɜ ɢ ɩɪɨɩɢɬɤɭ ɭɝɥɟɪɨɞɧɨɝɨ 
ɧɚɩɨɥɧɢɬɟɥɹ ɫɜɹɡɭɸɳɢɦ. ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɩɢɬɤɢ ɢ ɮɨɪɦɨɜɚɧɢɹ ɩɨɥɭɱɟɧɧɵɣ ɥɨɩɚ-
ɬɨɱɧɵɣ ɷɥɟɦɟɧɬ ɢɡɜɥɟɤɚɸɬ ɢɡ ɩɪɟɫɫ-ɮɨɪɦɵ. ɋɥɨɠɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɥɨɩɚɬɨɱɧɨɝɨ ɷɥɟ-
ɦɟɧɬɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɫɛɨɪɤɭ ɡɚɝɨɬɨɜɤɢ ɥɨɩɚɬɨɱɧɨɝɨ ɷɥɟɦɟɧɬɚ ɩɪɨɢɡɜɨɞɹɬ ɢɡ 
ɜɵɤɪɨɟɤ ɭɝɥɟɪɨɞɧɨɣ ɬɤɚɧɢ, ɫɞɟɥɚɧɧɵɯ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɚɪɬɨɣ ɪɚɫɤɪɨɹ ɝɚɛɚɪɢɬɨɦ ɨɬ 2 
ɞɨ 15 ɫɦ2 ɢ ɫɤɪɟɩɥɟɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɚɷɪɨɡɨɥɶɧɵɦ ɤɥɟɹɳɢɦ ɫɨɫɬɚɜɨɦ. ɋ ɭɱɟɬɨɦ ɦɚɥɵɯ 
ɪɚɡɦɟɪɨɜ ɜɵɤɪɨɟɤ, ɫɛɨɪɤɚ ɡɚɝɨɬɨɜɤɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɨɜɨɥɶɧɨ ɤɪɨɩɨɬɥɢɜɵɣ ɢ 
 ɬɪɭɞɨɟɦɤɢɣ ɩɪɨɰɟɫɫ ɪɭɱɧɨɣ ɜɵɤɥɚɞɤɢ, ɱɬɨ ɜɟɞɟɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɢɡɝɨ-
ɬɨɜɥɟɧɢɹ ɥɨɩɚɬɨɱɧɨɝɨ ɷɥɟɦɟɧɬɚ ɢ ɊɄɐɄ ɜ ɰɟɥɨɦ. ȿɳɟ ɨɞɧɢɦ ɧɟɝɚɬɢɜɧɵɦ ɚɫɩɟɤɬɨɦ 
ɷɬɨɣ ɬɟɯɧɨɥɨɝɢɢ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɚɷɪɨɡɨɥɶɧɨɝɨ ɤɥɟɹ, ɢɦɟɸɳɟɝɨ 
ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɞɟɫɬɪɭɤɰɢɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɧɨɣ ɩɨɪɢɫɬɨɫɬɢ 
ɩɪɢ ɮɨɪɦɨɜɚɧɢɢ ɥɨɩɚɬɨɱɧɨɝɨ ɷɥɟɦɟɧɬɚ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɨ ɢɡɛɟɠɚɬɶ ɫɥɨɠɧɨɫɬɟɣ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɜɵɹɜɥɟɧɧɵɯ ɜ 
ɪɚɛɨɬɟ Д12Ж, ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɬɤɚɧɨɣ ɭɝɥɟɪɨɞɧɨɣ ɩɪɟɮɨɪɦɵ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨ-
ɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɥɨɩɚɬɨɱɧɨɝɨ ɷɥɟɦɟɧɬɚ ɫɭɳɟɫɬɜɟɧɧɨ ɭɩɪɨɳɚɟɬɫɹ ɡɚ ɫɱɟɬ ɢɫɤɥɸɱɟɧɢɹ 
ɬɪɭɞɨɟɦɤɢɯ ɨɩɟɪɚɰɢɣ ɟɝɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɫɤɪɨɹ ɢ ɫɛɨɪɤɢ ɢ ɡɚɤɥɸɱɚɟɬɫɹ: ɜ ɭɤɥɚɞɤɟ 
ɭɝɥɟɪɨɞɧɨɣ ɩɪɟɮɨɪɦɵ ɜ ɩɪɟɫɫ-ɮɨɪɦɭ, ɞɨɛɚɜɥɟɧɢɢ ɫɜɹɡɭɸɳɟɝɨ, ɩɪɨɩɢɬɤɟ ɢ ɮɨɪɦɨɜɚɧɢɢ 
ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɨɣ ɢɡɜɥɟɱɟɧɧɨɝɨ ɢɡ ɩɪɟɫɫ-ɮɨɪɦɵ ɥɨɩɚɬɨɱɧɨɝɨ ɷɥɟɦɟɧɬɚ. 
 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɧɫɬɪɭɤɰɢɢ 

ɞɨ 300°ɋ, ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɚɬɟɪɢɚɥɚ ɢɫɩɨɥɶɡɨɜɚɧɨ ɩɨɪɨɲɤɨɜɨɟ ɮɬɚɥɨɧɢɬɪɢɥɶɧɨɟ ɫɜɹɡɭɸ-
ɳɟɟ ɦɚɪɤɢ ȼɋɇ-31, ɫɩɨɫɨɛɧɨɟ ɨɛɟɫɩɟɱɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɷɤɫɩɥɭɚɬɚɰɢɢ ɭɝɥɟɩɥɚɫɬɢɤɚ ɧɟ ɧɢ-
ɠɟ 320–350°ɋ ɢ ɯɨɪɨɲɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɜɲɟɟ ɫɟɛɹ ɪɚɧɟɟ Д13–16]. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɦɚɬɟɪɢɚɥɭ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤ ɞɨɥɠɧɵ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɭɝɥɟɪɨɞɧɵɟ ɜɨɥɨɤɧɚ ɫ ɩɪɨɱɧɨɫɬɶɸ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɧɟ ɦɟ-
ɧɟɟ 4500 Ɇɉɚ ɢ ɦɨɞɭɥɟɦ ɭɩɪɭɝɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɧɟ ɦɟɧɟɟ 200 Ƚɉɚ. Ɍɚɤɢɦ ɬɪɟɛɨɜɚ-
ɧɢɹɦ ɨɬɜɟɱɚɸɬ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫɪɟɞɧɟɦɨɞɭɥɶɧɵɟ ɭɝɥɟɪɨɞɧɵɟ ɠɝɭɬɵ (ıɜ≥5200 Ɇɉɚ, 
ȿɜ≥250 Ƚɉɚ, İ≈1,9%) ɮɢɪɦɵ TШrКв ɦɚɪɤɢ Ɍ800ɇȼ ɢ ɮɢɪɦɵ Zhangfu ɦɚɪɤɢ SYT-55S. 
ɀɟɫɬɤɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ ɊɄɐɄ ɜɨ ɦɧɨɝɨɦ ɡɚɜɢɫɢɬ ɨɬ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ 
ɭɝɥɟɪɨɞɧɨɝɨ ɠɝɭɬɚ, ɢɡ ɤɨɬɨɪɨɝɨ ɢɡɝɨɬɨɜɥɟɧɚ ɩɪɟɮɨɪɦɚ Д17, 18Ж. ɉɨɷɬɨɦɭ ɜɚɠɧɨɣ ɡɚɞɚ-
ɱɟɣ ɹɜɥɹɥɫɹ ɜɵɛɨɪ ɨɩɬɢɦɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɟɮɨɪɦɵ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ ɛɟɡ ɧɚɪɭɲɟɧɢɹ 



ǸȜȚȝȜȕȖȤȖȜțțȩе  ȚаȠеȞȖаșȩ  

 

 

40                                                                                           ȀǾȁДЫ  ВǶАǺ  №4 (мл) з01о     
 

ɰɟɥɨɫɬɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɦɵɯ ɭɝɥɟɪɨɞɧɵɯ ɜɨɥɨɤɨɧ ɢ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɟɚɥɢɡɚɰɢɟɣ ɢɯ ɭɩɪɭ-
ɝɨ-ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɦɚɬɟɪɢɚɥ ɫ ɡɚɞɚɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. Ⱦɥɹ 
ɪɚɡɪɚɛɨɬɤɢ ɭɝɥɟɩɥɚɫɬɢɤɚ ɜɵɛɪɚɥɢ ɭɝɥɟɪɨɞɧɵɣ ɠɝɭɬ ɦɚɪɤɢ T800Hȼ ɧɨɦɢɧɚɥɨɦ 12Ʉ. 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɭɝɥɟɩɥɚɫɬɢɤɚ ɢɫɫɥɟɞɨɜɚɧɵ ɞɜɟ ɨɫɧɨɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ: 
– ɢɡɝɨɬɨɜɥɟɧɢɟ ɨɛɴɟɦɧɨ-ɚɪɦɢɪɨɜɚɧɧɵɯ ɬɤɚɧɵɯ ɩɪɟɮɨɪɦ ɞɥɹ ɮɨɪɦɨɜɚɧɢɹ ɭɝɥɟɩɥɚ-

ɫɬɢɤɚ ɧɚ ɢɯ ɨɫɧɨɜɟ; 
– ɢɡɝɨɬɨɜɥɟɧɢɟ ɭɝɥɟɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ ɨɛɴɟɦɧɨ-ɚɪɦɢɪɨɜɚɧɧɵɯ ɩɪɟɮɨɪɦ ɢ ɫɜɹɡɭɸ-

ɳɟɝɨ ȼɋɇ-31 – ɩɪɨɩɢɬɤɚ ɢ ɮɨɪɦɨɜɚɧɢɟ. 
Ɋɚɡɪɚɛɨɬɤɭ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɟɮɨɪɦ ɩɪɨɢɡɜɨɞɢɥɢ ɧɚ ɱɟɥɧɨɱɧɨɦ ɬɤɚɰ-

ɤɨɦ ɫɬɚɧɤɟ ɜ ȺɈ «ɌɊɂ-Ⱦ». ɉɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɵɥ ɡɚɬɪɭɞɧɟɧ ɜ ɫɜɹɡɢ ɫ ɨɛɪɵɜɧɨɫɬɶɸ 
ɨɫɧɨɜɧɵɯ ɧɢɬɟɣ ɧɚ ɤɚɬɭɲɤɚɯ ɢ ɪɚɫɳɟɩɥɟɧɢɟɦ ɭɝɥɟɪɨɞɧɵɯ ɧɢɬɟɣ (ɠɝɭɬɨɜ) ɧɚ ɭɬɨɱɧɵɯ 
ɲɩɭɥɹɯ ɜ ɱɟɥɧɨɤɟ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɪɚɫɳɟɩɥɟɧɢɹ ɢ ɩɨɜɵɲɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɩɟɪɟ-
ɪɚɛɨɬɤɢ ɭɝɥɟɪɨɞɧɵɯ ɠɝɭɬɨɜ ɧɚ ɬɟɤɫɬɢɥɶɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɧɚ ɧɢɯ ɧɚɧɨɫɢɥɢ ɚɩɩɪɟɬ ɧɚ 
ɨɫɧɨɜɟ ɜɨɞɧɨɣ ɷɦɭɥɶɫɢɢ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ ɢ ɤɢɫɥɨɬ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɥɢɧɟɣɧɚɹ ɩɥɨɬɧɨɫɬɶ ɠɝɭɬɨɜ ɭɜɟɥɢɱɢɥɚɫɶ ɫ 453 (ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɚɩɩɪɟɬɚ 
1,13%) ɞɨ 466 ɬɟɤɫ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɚɩɩɪɟɬɚ 3,4%. ɀɝɭɬɵ ɫ ɧɚɧɟɫɟɧɧɵɦ ɚɩɩɪɟɬɨɦ ɛɨɥɟɟ 
ɬɟɯɧɨɥɨɝɢɱɧɵ ɢ ɥɭɱɲɟ ɩɟɪɟɪɚɛɚɬɵɜɚɸɬɫɹ, ɬɚɤ ɤɚɤ ɨɬɫɭɬɫɬɜɨɜɚɥɨ ɪɚɫɫɥɨɟɧɢɟ ɧɚ ɷɥɟ-
ɦɟɧɬɚɪɧɵɟ ɜɨɥɨɤɧɚ ɢ ɜ ɩɪɨɰɟɫɫɟ ɬɤɚɱɟɫɬɜɚ ɪɚɡɪɭɲɟɧɢɹ ɨɫɧɨɜɧɵɯ ɢ ɭɬɨɱɧɵɯ ɧɢɬɟɣ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ. 

Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɟɮɨɪɦ ɜɵɛɪɚɧɵ ɞɜɚ ɜɢɞɚ ɩɟɪɟɩɥɟɬɟɧɢɹ – ɨɪɬɨɝɨɧɚɥɶɧɨɟ ɢ 
ɫɚɬɢɧɨɜɨɟ. Ɉɪɬɨɝɨɧɚɥɶɧɨɟ ɩɟɪɟɩɥɟɬɟɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɪɹɦɨɥɢɧɟɣɧɵɦ ɪɚɫɩɨɥɨɠɟ-
ɧɢɟɦ ɨɫɧɨɜɧɨɣ ɤɚɪɤɚɫɧɨɣ ɢ ɭɬɨɱɧɵɯ ɧɢɬɟɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɫɬɟɩɟɧɶ ɪɟɚɥɢɡɚ-
ɰɢɢ ɩɪɨɱɧɨɫɬɢ ɭɝɥɟɪɨɞɧɵɯ ɠɝɭɬɨɜ ɜ ɉɄɆ. ɋɨɟɞɢɧɟɧɢɟ ɜɫɟɯ ɫɥɨɟɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ  
ɨɫɧɨɜɧɨɣ ɩɟɪɟɜɹɡɨɱɧɨɣ ɧɢɬɶɸ ɱɟɪɟɡ ɜɫɟ ɫɥɨɢ (ɪɢɫ. 1, ɚ). 

ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɨɛɴɟɦɧɨ-ɚɪɦɢɪɨɜɚɧɧɵɯ ɬɤɚɧɵɯ ɩɨɥɨɬɟɧ ɫɚɬɢɧɨɜɨɝɨ ɩɟɪɟɩɥɟ-
ɬɟɧɢɹ ɜ ɫɨɟɞɢɧɟɧɢɢ ɫɥɨɟɜ ɭɱɚɫɬɜɭɸɬ ɜɫɟ ɧɢɬɢ ɨɫɧɨɜɵ ɢ ɨɬɫɭɬɫɬɜɭɟɬ ɜɟɪɬɢɤɚɥɶɧɚɹ  
ɫɢɫɬɟɦɚ ɚɪɦɢɪɨɜɚɧɢɹ, ɧɨ ɩɪɢ ɷɬɨɦ ɜɫɹ ɩɪɨɞɨɥɶɧɚɹ ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɜ ɢɡɨɝɧɭɬɨɦ  
ɫɨɫɬɨɹɧɢɢ (ɪɢɫ. 1, ɛ) – ɬɚɤɨɣ ɜɢɞ ɩɟɪɟɩɥɟɬɟɧɢɹ ɨɛɥɚɞɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɨɞɜɢɠɧɨɫɬɶɸ. 

 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɩɟɪɟɩɥɟɬɟɧɢɹ ɩɪɟɮɨɪɦɵ – ɨɪɬɨɝɨɧɚɥɶɧɨɟ (ɚ) ɢ ɫɚɬɢɧɨɜɨɟ (ɛ) 
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Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɮɨɪɦ ɨɪɬɨɝɨɧɚɥɶɧɨɝɨ ɢ ɫɚɬɢɧɨɜɨɝɨ ɩɥɟɬɟɧɢɹ  
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. 
 

Ɍɚɛɥɢɰɚ 1 
Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɮɨɪɦ ɨɪɬɨɝɨɧɚɥɶɧɨɝɨ ɢ ɫɚɬɢɧɨɜɨɝɨ ɩɥɟɬɟɧɢɹ 

ɉɨɤɚɡɚɬɟɥɢ Ɂɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɞɥɹ ɬɢɩɚ ɩɥɟɬɟɧɢɹ 
ɨɪɬɨɝɨɧɚɥɶɧɨɝɨ ɫɚɬɢɧɨɜɨɝɨ 

Ɍɨɥɳɢɧɚ ɩɪɟɮɨɪɦɵ ɩɪɢ ɭɞɟɥɶɧɨɣ ɧɚɝɪɭɡɤɟ 1 ɤɇ/ɦ², ɦɦ 3,31 3,32 
Ʉɨɥɢɱɟɫɬɜɨ ɤɚɪɤɚɫɧɵɯ ɫɥɨɟɜ ɨɫɧɨɜɵ 6 8 
Ʉɨɥɢɱɟɫɬɜɨ ɧɢɬɟɣ ɤɚɪɤɚɫɧɨɣ ɨɫɧɨɜɵ ɜ ɫɥɨɟ, ɧɢɬɟɣ/100 ɦɦ 30 30 
Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɧɢɬɟɣ ɤɚɪɤɚɫɧɨɣ ɨɫɧɨɜɵ, ɧɢɬɟɣ/100 ɦɦ 180 240 
Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɧɢɬɟɣ ɩɟɪɟɜɹɡɨɱɧɨɣ ɨɫɧɨɜɵ, ɧɢɬɟɣ/100 ɦɦ 30 – 
Ʉɨɥɢɱɟɫɬɜɨ ɫɥɨɟɜ ɩɨ ɭɬɤɭ 7 4 
Ʉɨɥɢɱɟɫɬɜɨ ɭɬɨɱɧɵɯ ɧɢɬɟɣ ɜ ɫɥɨɟ, ɧɢɬɟɣ/100 ɦɦ 44 51 
Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɭɬɨɱɧɵɯ ɧɢɬɟɣ, ɧɢɬɟɣ/100 ɦɦ 308 204 

 
Ɍɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɟɬɨɞɨɦ ɜɚɤɭɭɦɧɨɣ ɩɪɨɩɢɬɤɢ ɩɨɞɪɚɡɭ-

ɦɟɜɚɟɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɚɤɟɬɚ-ɡɚɝɨɬɨɜɤɢ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɭɝɥɟɪɨɞɧɨɣ ɩɪɟɮɨɪɦɵ ɢ ɩɨɪɨɲ-
ɤɨɜɨɝɨ ɫɜɹɡɭɸɳɟɝɨ (ɜ ɤɨɥɢɱɟɫɬɜɟ 0,9:1 ɩɨ ɦɚɫɫɟ ɩɪɟɮɨɪɦɵ), ɪɚɡɦɟɳɟɧɧɨɝɨ ɩɨɞ ɩɪɟ-
ɮɨɪɦɨɣ ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɞ ɜɚɤɭɭɦɨɦ. ɉɚɤɟɬ-ɡɚɝɨɬɨɜɤɚ ɩɨɦɟɳɚɟɬɫɹ ɜ  
ɬɟɪɦɨɲɤɚɮ ɢ ɧɚɝɪɟɜɚɟɬɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɟɯɨɞɚ ɫɜɹɡɭɸɳɟɝɨ ɜ ɪɚɫɩɥɚɜɧɨɟ ɫɨɫɬɨɹɧɢɟ 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɪɢɜɨɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫ. 2. ɉɪɢ ɩɟɪɟɯɨɞɟ ɫɜɹɡɭɸɳɟɝɨ ɜ ɜɹɡɤɨɬɟ-
ɤɭɱɟɟ ɫɨɫɬɨɹɧɢɟ ɢɡɦɟɧɹɸɬɫɹ ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɚ-
ɤɭɭɦɚ ɜ ɩɚɤɟɬɟ-ɡɚɝɨɬɨɜɤɟ ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɩɢɬɤɚ ɭɝɥɟɪɨɞɧɨɣ ɩɪɟɮɨɪɦɵ ɫɜɹɡɭɸɳɢɦ.  
Ⱦɚɥɟɟ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɭɝɥɟɩɥɚɫɬɢɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ  
ɢ ɞɚɜɥɟɧɢɹ ɩɨ ɫɬɭɩɟɧɱɚɬɨɦɭ ɪɟɠɢɦɭ. 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɩɢɬɤɢ ɢ ɮɨɪɦɨɜɚɧɢɹ ɭɝɥɟɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ 
ɨɛɴɟɦɧɨ-ɚɪɦɢɪɨɜɚɧɧɵɯ ɩɪɟɮɨɪɦ ɢ ɫɜɹɡɭɸɳɟɝɨ ȼɋɇ-31 ɡɚ ɨɫɧɨɜɭ ɜɡɹɬɚ ɤɪɢɜɚɹ ɢɡɨɬɟɪ-
ɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɫɜɹɡɭɸɳɟɝɨ ȼɋɇ-31 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ 200°ɋ (ɪɢɫ. 2). 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɹɡɤɨɫɬɶ ɫɜɹɡɭɸɳɟɝɨ ɧɟ ɦɟɧɹɟɬɫɹ (ɞɨ 2,5 ɉɚɫ) ɜ ɬɟɱɟɧɢɟ 45–50 ɦɢɧ, 
ɜɤɥɸɱɚɹ ɩɪɨɩɢɬɤɭ, ɨɞɧɚɤɨ ɩɨɫɥɟ 50 ɦɢɧ ɜɹɡɤɨɫɬɶ ɧɚɱɢɧɚɟɬ ɚɤɬɢɜɧɨ ɪɚɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚ-
ɡɨɦ, ɢɦɟɟɬɫɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɤɧɨ ɜ 45 ɦɢɧ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɵɯ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɨɜɟɞɟ-
ɧɵ ɫɬɚɞɢɢ ɩɪɨɩɢɬɤɢ ɢ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ. 
 

 
Ɋɢɫ. 2. ɂɡɨɬɟɪɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɫɜɹɡɭɸɳɟɝɨ ȼɋɇ-31 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 200°ɋ 
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Ⱦɥɹ ɭɬɨɱɧɟɧɢɹ ɜɪɟɦɟɧɢ ɩɨɞɚɱɢ ɞɚɜɥɟɧɢɹ ɧɚ ɬɟɪɦɨɚɧɚɥɢɬɢɱɟɫɤɨɦ ɦɨɞɭɥɟ ɭɫɬɚ-
ɧɨɜɤɢ ɆɌ ɦɟɬɨɞɨɦ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɨɩɪɟɞɟɥɟɧɨ ɜɪɟɦɹ ɝɟɥɟɨɛɪɚɡɨɜɚɧɢɹ 
ɫɜɹɡɭɸɳɟɝɨ ȼɋɇ-31 ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɚɩɩɪɟɬɢɪɨɜɚɧɧɨɝɨ ɜɨɥɨɤɧɚ ɢɡ ɩɪɟɮɨɪɦɵ. 

Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɢɫɫɥɟɞɨɜɚɥɢ ɩɨ ɫɥɟɞɭɸ-
ɳɢɦ ɫɬɚɧɞɚɪɬɚɦ: ȽɈɋɌ 25.601–80, ȽɈɋɌ 25.604–82, ASTM D5379, ASTM D6641-14, 
ȽɈɋɌ 15139–80. 

Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɨɛɪɚɡɰɨɜ ɫɞɟɥɚɧɵ ɫ ɩɨɦɨɳɶɸ ɨɩɬɢɱɟɫɤɨɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ 
ɦɢɤɪɨɫɤɨɩɚ Olympus BX51 ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɨ 100 ɪɚɡ. 
 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 
ɇɚ ɪɢɫ. 3 ɩɪɢɜɟɞɟɧɵ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɜɪɟɦɟɧɢ ɝɟɥɟ-

ɨɛɪɚɡɨɜɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ȼɋɇ-31 ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɭɝɥɟɪɨɞɧɨɝɨ ɠɝɭɬɚ ɦɚɪɤɢ T800Hȼ  
ɧɨɦɢɧɚɥɨɦ 12Ʉ ɢɡ ɭɝɥɟɪɨɞɧɨɣ ɬɤɚɧɢ ɍɌ-900ɂ ɫɨ ɫɬɚɧɞɚɪɬɧɵɦ ɷɩɨɤɫɢɞɧɵɦ ɡɚɦɚɫɥɢɜɚ-
ɬɟɥɟɦ (0,8–1,15%) ɢ ɢɡ ɩɪɟɮɨɪɦɵ ɫ ɚɩɩɪɟɬɨɦ, ɧɚɧɟɫɟɧɧɵɦ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɤɚɱɟɫɬɜɚ,  
ɜ ɤɨɥɢɱɟɫɬɜɟ 3–3,5%. 
 

 
 
Ɋɢɫ. 3 ȼɪɟɦɹ ɝɟɥɟɨɛɪɚɡɨɜɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ȼɋɇ-31 ɧɚ ɠɝɭɬɚɯ T800Hȼ ɧɨɦɢɧɚɥɨɦ 12Ʉ ɢɡ 

ɬɤɚɧɢ ɍɌ-900ɂ (1) ɢ ɢɡ ɩɪɟɮɨɪɦɵ (2) 
 

ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɜɪɟɦɹ ɝɟɥɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
200°ɋ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɭɝɥɟɪɨɞɧɨɝɨ ɠɝɭɬɚ T800Hȼ ɧɨɦɢɧɚɥɨɦ 12Ʉ ɢɡ ɩɪɟɮɨɪɦɵ ɫ ɚɩɩɪɟ-
ɬɨɦ (ɤɪɢɜɚɹ 2) ɫɨɤɪɚɳɚɟɬɫɹ ɫ 35 ɦɢɧ (ɠɝɭɬ ɢɡ ɬɤɚɧɢ ɍɌ-900ɂ – ɤɪɢɜɚɹ 1) ɞɨ 20 ɦɢɧ, ɱɬɨ 
ɫɨɤɪɚɳɚɟɬ ɜɪɟɦɹ ɩɨɞɚɱɢ ɞɚɜɥɟɧɢɹ, ɩɪɢ ɷɬɨɦ ɜɹɡɤɨɫɬɶ ɫɜɹɡɭɸɳɟɝɨ ɜɨɡɪɚɫɬɚɟɬ ɞɨɫɬɚɬɨɱ-
ɧɨ ɪɟɡɤɨ, ɬɨɝɞɚ ɤɚɤ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɠɝɭɬɚ Ɍ800ɇȼ ɢɡ ɬɤɚɧɢ ɍɌ-900ɂ ɭɜɟɥɢɱɟɧɢɟ 
ɜɹɡɤɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɩɥɚɜɧɨ. ȼɫɟ ɷɬɨ ɫɭɠɚɟɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɤɧɨ ɩɪɢ ɩɨɞɚɱɟ ɞɚɜɥɟ-
ɧɢɹ ɢ ɧɟɝɚɬɢɜɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɩɪɨɰɟɫɫɟ ɮɨɪɦɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɚ ɜ ɞɚɥɶɧɟɣɲɟɦ ɢ ɧɚ 
ɫɜɨɣɫɬɜɚɯ ɭɝɥɟɩɥɚɫɬɢɤɚ. 

ɇɚ ɨɫɧɨɜɟ ɨɛɴɟɦɧɨ-ɚɪɦɢɪɨɜɚɧɧɵɯ ɩɪɟɮɨɪɦ ɫɚɬɢɧɨɜɨɝɨ ɢ ɨɪɬɨɝɨɧɚɥɶɧɨɝɨ ɬɢɩɚ 
ɩɟɪɟɩɥɟɬɟɧɢɹ ɢɡɝɨɬɨɜɥɟɧɵ ɩɥɢɬɵ ɭɝɥɟɩɥɚɫɬɢɤɨɜ. ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɩɥɢɬ ɜɵɪɟɡɚɧɵ ɨɛɪɚɡ-
ɰɵ ɢ ɢɫɫɥɟɞɨɜɚɧɵ ɢɯ ɮɢɡɢɱɟɫɤɢɟ ɢ ɭɩɪɭɝɨ-ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ. ȼ ɬɚɛɥ. 2 ɩɪɢɜɟɞɟɧɵ 
ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɭɝɥɟɩɥɚɫɬɢɤɨɜ. 
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Ɍɚɛɥɢɰɚ 2 
Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɰɨɜ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ ɩɪɟɮɨɪɦ ɪɚɡɥɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ 

ɢɡ ɭɝɥɟɪɨɞɧɨɝɨ ɠɝɭɬɚ T800HB ɧɨɦɢɧɚɥɨɦ 12Ʉ ɢ ɫɜɹɡɭɸɳɟɝɨ ɦɚɪɤɢ ȼɋɇ-31 
ɋɜɨɣɫɬɜɚ Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɞɥɹ ɭɝɥɟɩɥɚɫɬɢɤɚ ɢɡ ɩɪɟɮɨɪɦɵ ɫ ɩɟɪɟɩɥɟɬɟɧɢɟɦ 

ɨɪɬɨɝɨɧɚɥɶɧɵɦ ɫɚɬɢɧɨɜɵɦ 

ɉɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3 1,563–1,584 1,571–1,593 
ɉɨɪɢɫɬɨɫɬɶ, % 2,0–2,15 1,35–1,40 
ɋɨɞɟɪɠɚɧɢɟ ɫɜɹɡɭɸɳɟɝɨ, % 33–35 32,5–36,0 
Ɍɨɥɳɢɧɚ ɩɪɟɮɨɪɦɵ ɩɪɢ ɭɞɟɥɶɧɨɣ 
ɧɚɝɪɭɡɤɟ 1 ɤɇ/ɦ², ɦɦ 

3,31 3,32 

Ɍɨɥɳɢɧɚ ɭɝɥɟɩɥɚɫɬɢɤɚ, ɦɦ  2,38–2,45 2,0–2,15 
ɋɬɟɩɟɧɶ ɭɩɪɟɫɫɨɜɤɢ, % 25,9–29 32–36 

 
ɍ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɢɡ ɩɪɟɮɨɪɦ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪɚɜɧɨɣ ɬɨɥɳɢɧɵ ɪɚɡɥɢɱɧɨɝɨ ɩɥɟ-

ɬɟɧɢɹ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɩɪɢ ɨɞɢɧɚɤɨɜɨɦ ɭɞɟɥɶɧɨɦ ɞɚɜɥɟɧɢɢ ɮɨɪɦɨɜɚɧɢɹ, ɧɚɛɥɸɞɚɟɬɫɹ 
ɪɚɡɧɚɹ ɫɬɟɩɟɧɶ ɭɩɪɟɫɫɨɜɤɢ, ɩɪɢɜɨɞɹɳɚɹ ɤ ɪɚɡɥɢɱɧɨɣ ɬɨɥɳɢɧɟ ɩɨɥɭɱɚɟɦɨɝɨ ɭɝɥɟɩɥɚɫɬɢ-
ɤɚ. Ɍɨɥɳɢɧɚ ɨɛɪɚɡɰɨɜ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɢɡ ɩɪɟɮɨɪɦɵ ɫɚɬɢɧɨɜɨɝɨ ɩɥɟɬɟɧɢɹ, 
ɫɨɫɬɚɜɥɹɟɬ 2,0–2,15 ɦɦ ɩɪɢ ɫɬɟɩɟɧɢ ɭɩɪɟɫɫɨɜɤɢ 32–36%, ɚ ɬɨɥɳɢɧɚ ɨɛɪɚɡɰɨɜ ɢɡ ɭɝɥɟɩɥɚ-
ɫɬɢɤɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɢɡ ɩɪɟɮɨɪɦɵ ɨɪɬɨɝɨɧɚɥɶɧɨɝɨ ɩɥɟɬɟɧɢɹ, ɫɨɫɬɚɜɥɹɟɬ 2,38–2,45 ɦɦ ɩɪɢ 
ɫɬɟɩɟɧɢ ɭɩɪɟɫɫɨɜɤɢ 26–29%. 

Ɍɚɤɚɹ ɪɚɡɧɢɰɚ ɜ ɫɬɟɩɟɧɢ ɭɩɪɟɫɫɨɜɤɢ ɨɛɴɹɫɧɹɟɬɫɹ ɛɨɥɶɲɟɣ ɩɨɞɜɢɠɧɨɫɬɶɸ ɫɚɬɢ-
ɧɨɜɨɣ ɫɬɪɭɤɬɭɪɵ ɚɪɦɢɪɨɜɚɧɢɹ ɡɚ ɫɱɟɬ ɨɬɫɭɬɫɬɜɢɹ ɚɪɦɢɪɭɸɳɢɯ ɩɟɪɟɜɹɡɨɱɧɵɯ ɧɢɬɟɣ ɜ 
ɫɬɪɭɤɬɭɪɟ, ɱɬɨ ɜɢɞɧɨ ɢ ɧɚ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹɯ ɨɛɪɚɡɰɨɜ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɜ 20 ɪɚɡ (ɪɢɫ. 4 ɢ 5). 
 

 
Ɋɢɫ. 4. Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɨɛɪɚɡɰɨɜ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ ɫ ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɚɪɦɢɪɨɜɚɧɢɹ: 

ɚ – ɮɪɚɝɦɟɧɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɭɬɨɱɧɵɯ ɧɢɬɟɣ; ɛ – ɮɪɚɝɦɟɧɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɫɧɨɜɧɵɯ ɧɢɬɟɣ 
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Ɋɢɫ. 5. Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɨɛɪɚɡɰɨɜ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ ɫ ɫɚɬɢɧɨɜɨɣ ɫɬɪɭɤɬɭɪɨɣ ɚɪɦɢɪɨɜɚɧɢɹ: 
ɚ – ɮɪɚɝɦɟɧɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɭɬɨɱɧɵɯ ɧɢɬɟɣ; ɛ – ɮɪɚɝɦɟɧɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɫɧɨɜɧɵɯ ɧɢɬɟɣ 

 
Ɋɟɡɭɥɶɬɚɬɵ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20°ɋ ɨɛɪɚɡɰɨɜ ɢɡ 

ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɧɚ ɨɫɧɨɜɟ ɩɪɟɮɨɪɦ ɪɚɡɥɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢɡ ɭɝɥɟɪɨɞɧɨɝɨ ɠɝɭɬɚ T800Hȼ 
ɧɨɦɢɧɚɥɨɦ 12Ʉ ɢ ɫɜɹɡɭɸɳɟɝɨ ɦɚɪɤɢ ȼɋɇ-31 ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɢɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ Д0°Ж 
ɢ Д90°Ж ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 3. 
 

Ɍɚɛɥɢɰɚ 3 
Ɋɟɡɭɥɶɬɚɬɵ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɨɜ 

ɧɚ ɨɫɧɨɜɟ ɩɪɟɮɨɪɦ ɪɚɡɥɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢɡ ɭɝɥɟɪɨɞɧɨɝɨ ɠɝɭɬɚ T800HB ɧɨɦɢɧɚɥɨɦ 12Ʉ 
ɢ ɫɜɹɡɭɸɳɟɝɨ ɦɚɪɤɢ ȼɋɇ-31 ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɢɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ Д0°Ж ɢ Д90°Ж 

ɋɜɨɣɫɬɜɚ Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɞɥɹ ɭɝɥɟɩɥɚɫɬɢɤɚ ɢɡ ɩɪɟɮɨɪɦɵ ɫ ɩɟɪɟɩɥɟɬɟɧɢɟɦ 
ɨɪɬɨɝɨɧɚɥɶɧɵɦ ɫɚɬɢɧɨɜɵɦ 

[0°Ж [90°Ж [0°Ж [90°Ж 
ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, Ɇɉɚ 450 510 190 415 
Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟ-
ɧɢɢ, Ƚɉɚ 

73 73 23 69 

ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɫɠɚɬɢɢ, Ɇɉɚ 340 305 80 220 
ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɢɡɝɢɛɟ, Ɇɉɚ 445 450 385 210 
Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ, Ƚɉɚ 54 36 50 83 
ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɫɞɜɢɝɟ ɜ ɩɥɨɫɤɨ-
ɫɬɢ ɥɢɫɬɚ, Ɇɉɚ 

70 64 47 49 

Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɪɢ ɫɞɜɢɝɟ ɜ 
ɩɥɨɫɤɨɫɬɢ ɥɢɫɬɚ, Ƚɉɚ 

4,2 4,5 4,2 4,7 
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ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɩɨɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, ɱɬɨ 
ɭɝɥɟɩɥɚɫɬɢɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɩɪɟɮɨɪɦ ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɨɛɥɚɞɚɸɬ 
ɥɭɱɲɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɱɟɦ ɭɝɥɟɩɥɚɫɬɢɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɩɪɟɮɨɪɦ ɫɚɬɢ-
ɧɨɜɨɣ ɫɬɪɭɤɬɭɪɵ ɚɪɦɢɪɨɜɚɧɢɹ. 

ɉɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɬɚɤɠɟ ɨɰɟɧɤɚ ɜɥɢɹɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɜɨɥɨɤɨɧ ɜ ɫɥɨɟ ɦɚɬɟɪɢ-
ɚɥɚ ɧɚ ɩɨɥɭɱɚɟɦɵɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. Ɍɚɤ, ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɜɟɫɶɦɚ ɧɟ-
ɡɧɚɱɢɬɟɥɶɧɭɸ ɪɚɡɧɢɰɭ ɡɧɚɱɟɧɢɣ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɭ ɨɛɪɚɡɰɨɜ ɨɪɬɨɝɨɧɚɥɶ-
ɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɢ ɩɪɢɥɨɠɟɧɢɢ ɧɚɝɪɭɡɤɢ ɜ ɧɚɩɪɚɜɥɟɧɢɹɯ Д0°Ж ɢ Д90°Ж. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 
ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɭɝɥɟɪɨɞɧɵɯ ɠɝɭɬɨɜ ɤɚɪɤɚɫɧɵɯ ɫɥɨɟɜ ɨɫɧɨɜɵ  
(6 ɲɬ.) ɢ ɤɨɥɢɱɟɫɬɜɨɦ ɫɥɨɟɜ ɩɨ ɭɬɤɭ (7 ɲɬ.). ɂɫɤɥɸɱɟɧɢɟɦ ɦɨɠɟɬ ɛɵɬɶ ɡɧɚɱɟɧɢɟ ɦɨɞɭɥɹ 
ɭɩɪɭɝɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ: 54 Ƚɉɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ Д0°Ж ɢ 36 Ƚɉɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ Д90°Ж. ɗɬɨ 
ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɬɟɦ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɬɤɚɱɟɫɬɜɚ ɭɬɨɱɧɵɟ ɧɢɬɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɩɨ ɲɢɪɢɧɟ 
ɩɪɟɮɨɪɦɵ ɛɟɡ ɩɟɪɟɝɢɛɚ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɨɫɧɨɜɧɚɹ ɧɢɬɶ ɢɦɟɟɬ ɢɡɨɝɧɭɬɭɸ ɨɪɢɟɧɬɚɰɢɸ. 

ɉɨɞɨɛɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɢ ɧɚ ɨɛɪɚɡɰɚɯ ɫɚɬɢɧɨɜɨɝɨ ɬɢ-
ɩɚ ɚɪɦɢɪɨɜɚɧɢɹ. Ɉɛɪɚɡɰɵ, ɢɫɩɵɬɚɧɧɵɟ ɜ ɧɚɩɪɚɜɥɟɧɢɢ Д90°Ж, ɩɨɤɚɡɚɥɢ ɥɭɱɲɢɟ ɡɧɚɱɟɧɢɹ, 
ɱɟɦ ɨɛɪɚɡɰɵ, ɢɫɩɵɬɚɧɧɵɟ ɜ ɧɚɩɪɚɜɥɟɧɢɢ Д0°Ж. ɉɪɢ ɞɚɧɧɨɣ ɫɬɪɭɤɬɭɪɟ ɚɪɦɢɪɨɜɚɧɢɹ ɩɨ 
ɨɫɧɨɜɟ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜɨɫɟɦɶ ɧɢɬɟɣ, ɚ ɩɨ ɭɬɤɭ – ɱɟɬɵɪɟ ɧɢɬɢ. Ɉɞɧɚɤɨ ɜɫɟ ɧɢɬɢ ɨɫɧɨɜɵ 
ɢɦɟɸɬ ɢɡɨɝɧɭɬɭɸ ɨɪɢɟɧɬɚɰɢɸ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɩɪɢɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 
ɭɬɨɱɧɵɟ ɧɢɬɢ ɪɚɫɩɨɥɨɠɟɧɵ ɛɟɡ ɩɟɪɟɝɢɛɨɜ ɢ ɩɨɥɧɨɫɬɶɸ ɜɤɥɸɱɟɧɵ ɜ ɪɚɛɨɬɭ ɉɄɆ. ɂɫ-
ɤɥɸɱɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɩɨɤɚɡɚɬɟɥɶ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ: 385 Ɇɉɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ Д0°Ж ɢ 
210 Ɇɉɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ Д90°Ж. ɗɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɬɟɦ, ɱɬɨ ɫɬɪɭɤɬɭɪɚ ɫɚɬɢɧɨɜɨɝɨ 
ɩɥɟɬɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɩɨɞɜɢɠɧɨɫɬɶ ɉɄɆ. Ȼɨɥɟɟ ɱɚɫɬɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɭɬɨɱɧɵɯ ɧɢɬɟɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɨɣ (51 ɲɬ. – ɜ ɫɚɬɢɧɨɜɨɣ ɢ 
44 ɲɬ. – ɜ ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɟ) ɨɛɴɹɫɧɹɟɬ ɬɚɤɠɟ ɥɭɱɲɢɟ ɩɨɤɚɡɚɬɟɥɢ ɦɨɞɭɥɹ ɭɩɪɭ-
ɝɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ ɢ ɫɞɜɢɝɟ ɜ ɩɥɨɫɤɨɫɬɢ ɥɢɫɬɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ Д90°Ж. 

ɇɚ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹɯ ɭɝɥɟɩɥɚɫɬɢɤɚ ɫ ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɜɢɞɧɚ ɞɨɫɬɚ-
ɬɨɱɧɨ ɱɟɬɤɚɹ ɩɟɪɢɨɞɢɱɧɨɫɬɶ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɨɥɨɤɨɧ ɜ ɤɨɦɩɨɡɢɰɢɨɧɧɨɦ ɦɚɬɟɪɢɚɥɟ. 
ɇɚɛɥɸɞɚɟɬɫɹ ɛɨ ɥɶɲɚɹ ɩɨɞɜɢɠɧɨɫɬɶ ɭ ɜɨɥɨɤɨɧ ɩɨ ɨɫɧɨɜɟ. ɉɪɢ ɷɬɨɦ ɜɨɥɨɤɧɚ ɩɨ ɭɬɤɭ ɧɟ 
ɫɤɥɨɧɧɵ ɤ ɢɡɦɟɧɟɧɢɸ ɫɜɨɟɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɜ ɭɝɥɟɩɥɚɫɬɢɤɟ ɢ ɨɫɬɚɸɬɫɹ 
ɞɨɫɬɚɬɨɱɧɨ ɠɟɫɬɤɢɦɢ. ɇɚ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹɯ ɭɝɥɟɩɥɚɫɬɢɤɚ ɫ ɫɚɬɢɧɨɜɨɣ ɫɬɪɭɤɬɭɪɨɣ 
ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɛɨ ɥɶɲɭɸ ɩɨɞɜɢɠɧɨɫɬɶ ɜɨɥɨɤɨɧ ɭɬɤɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ 
ɜɨɥɨɤɧɚɦɢ ɜ ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɟ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɧɚɛɥɸɞɚɟɬɫɹ ɩɟɪɢɨɞɢɱɧɨɫɬɶ ɪɚɫ-
ɩɨɥɨɠɟɧɢɹ ɨɫɧɨɜɧɵɯ ɜɨɥɨɤɨɧ ɜ ɨɛɴɟɦɟ ɦɚɬɟɪɢɚɥɚ ɢ ɢɯ ɛɨ ɥɶɲɚɹ ɩɨɞɜɢɠɧɨɫɬɶ. 

ɇɚ ɜɫɟɯ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹɯ ɧɚɛɥɸɞɚɸɬɫɹ ɩɨɪɵ ɜ ɨɛɴɟɦɟ ɭɝɥɟɩɥɚɫɬɢɤɚ ɜ ɨɤɨɥɨ-
ɜɨɥɨɤɨɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɤɨɬɨɪɵɟ ɭɯɭɞɲɚɸɬ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɦɚɬɟɪɢɚɥɚ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɱɢɧ ɨɛɪɚɡɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɪɨɞɚ ɞɟɮɟɤɬɨɜ ɫɞɟɥɚɧɵ 
ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɨɬɞɟɥɶɧɵɯ ɮɢɥɚɦɟɧɬɨɜ ɭɝɥɟɪɨɞɧɨɝɨ ɠɝɭɬɚ (ɪɢɫ. 6). 

 
Ɋɢɫ. 6. Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ (ɚ – ×50; ɛ – ×100) ɮɢɥɚɦɟɧɬɨɜ ɭɝɥɟɪɨɞɧɨɝɨ ɠɝɭɬɚ 
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ɇɚ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɮɢɥɚɦɟɧɬɨɜ ɭɝɥɟɪɨɞɧɨɝɨ ɠɝɭɬɚ ɨɬɱɟɬɥɢɜɨ ɜɢɞɧɵ ɤɚɩɥɢ 
ɚɩɩɪɟɬɢɪɭɸɳɟɝɨ ɫɨɫɬɚɜɚ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɚɩɩɪɟɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɜɨɥɨɤɧɚ ɧɚɧɟɫɟɧ ɜ ɢɡ-
ɛɵɬɨɱɧɨɦ ɤɨɥɢɱɟɫɬɜɟ. Ɉɞɧɚɤɨ ɩɪɨɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɧɚɧɟɫɟɧɢɹ ɫɨɫɬɚɜɚ ɩɪɢ ɚɩ-
ɩɪɟɬɢɪɨɜɚɧɧɢɢ ɜɨɥɨɤɨɧ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɬɟɯɧɨɥɨɝɢɹ 
ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɩɪɨɩɭɫɤɚɧɢɟ ɭɝɥɟɪɨɞɧɨɝɨ ɠɝɭɬɚ ɱɟɪɟɡ ɜɚɧɧɭ ɫ ɚɩɩɪɟɬɢɪɭɸɳɢɦ ɫɨɫɬɚɜɨɦ 
ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɩɪɨɫɭɲɤɨɣ ɜɨɥɨɤɧɚ. Ɉɩɪɟɞɟɥɟɧ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ ɞɟɫɬɪɭɤɰɢɢ 
ɚɩɩɪɟɬɚ, ɫɨɫɬɚɜɥɹɸɳɢɣ 275–350°ɋ, ɫ ɦɚɤɫɢɦɭɦɨɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 302,8°ɋ. ɉɨɫɤɨɥɶɤɭ 
ɝɟɥɟɨɛɪɚɡɨɜɚɧɢɟ ɢ ɧɚɱɚɥɨ ɨɬɜɟɪɠɞɟɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ȼɋɇ-31 ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɛɨɥɟɟ ɧɢɡ-
ɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (200–230°ɋ), ɬɨ ɤ ɧɚɱɚɥɭ ɞɟɫɬɪɭɤɰɢɢ ɚɩɩɪɟɬɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 275°ɋ 
ɭɫɩɟɜɚɟɬ ɫɮɨɪɦɢɪɨɜɚɬɶɫɹ ɨɬɜɟɪɠɞɟɧɧɨɟ ɫɜɹɡɭɸɳɟɟ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɜ 
ɨɤɨɥɨɜɨɥɨɤɨɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɧɚ ɦɟɫɬɟ ɤɚɩɟɥɶ ɩɨɪ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɩɪɨɞɭɤɬɚɦɢ  
ɞɟɫɬɪɭɤɰɢɢ ɚɩɩɪɟɬɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɩɩɪɟɬ, ɧɚɧɨɫɢɦɵɣ ɧɚ ɠɝɭɬ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ 
ɩɪɟɮɨɪɦ, ɧɟɝɚɬɢɜɧɨ ɜɥɢɹɟɬ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣɫɬɜɚ ɭɝɥɟɩɥɚɫɬɢɤɨɜ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɚɛɨɬɵ ɪɚɡɪɚɛɨɬɚɧ ɭɝɥɟɩɥɚɫɬɢɤ ɧɚ ɨɫɧɨɜɟ ɨɛɴɟɦɧɨ-
ɚɪɦɢɪɨɜɚɧɧɨɣ ɭɝɥɟɪɨɞɧɨɣ ɩɪɟɮɨɪɦɵ ɢ ɢɫɫɥɟɞɨɜɚɧɵ ɟɝɨ ɫɜɨɣɫɬɜɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟ-
ɞɨɜɚɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɝɥɟɩɥɚɫɬɢɤ ɧɚ ɨɫɧɨɜɟ 
ɩɪɟɮɨɪɦɵ ɨɪɬɨɝɨɧɚɥɶɧɨɝɨ ɬɢɩɚ ɩɥɟɬɟɧɢɹ ɨɛɥɚɞɚɟɬ ɥɭɱɲɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ 
ɫ ɭɝɥɟɩɥɚɫɬɢɤɨɦ ɧɚ ɨɫɧɨɜɟ ɩɪɟɮɨɪɦɵ ɫɚɬɢɧɨɜɨɝɨ ɬɢɩɚ ɩɥɟɬɟɧɢɹ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɝ-
ɥɟɩɥɚɫɬɢɤ ɧɚ ɨɫɧɨɜɟ ɩɪɟɮɨɪɦɵ ɨɪɬɨɝɨɧɚɥɶɧɨɝɨ ɬɢɩɚ ɩɥɟɬɟɧɢɹ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɥɨɩɚɬɨɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɊɄɐɄ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɭɝ-
ɥɟɩɥɚɫɬɢɤɚ ɫɥɟɞɭɟɬ ɤɚɤɢɦ-ɥɢɛɨ ɫɩɨɫɨɛɨɦ ɭɞɚɥɢɬɶ ɢɡɥɢɲɤɢ ɚɩɩɪɟɬɢɪɭɸɳɟɝɨ ɫɨɫɬɚɜɚ ɫ 
ɩɨɜɟɪɯɧɨɫɬɢ ɭɝɥɟɪɨɞɧɵɯ ɠɝɭɬɨɜ – ɥɢɛɨ ɩɭɬɟɦ ɬɟɪɦɢɱɟɫɤɨɣ ɞɟɫɬɪɭɤɰɢɢ ɚɩɩɪɟɬɚ, ɥɢɛɨ 
ɜɵɦɵɜɚɧɢɟɦ ɚɩɩɪɟɬɢɪɭɸɳɟɝɨ ɫɨɫɬɚɜɚ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɭɲɤɨɣ ɭɝɥɟɪɨɞ-
ɧɨɝɨ ɜɨɥɨɤɧɚ. 
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