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ɉɪɨɜɟɞɟɧ ɤɨɧɬɪɨɥɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɛɨɪɫɨɞɟɪɠɚɳɢɯ ɩɪɢɩɨɟɜ ɫ ɪɚɡ-

ɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɪɟɦɧɢɹ: ȼɉɪ27 ɢ ȼɉɪ50 – ɜ ɥɢɬɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɧɚ ɩɨɪɨɲɤɚɯ, ɩɨ-
ɥɭɱɟɧɧɵɯ ɝɚɡɨɜɵɦ ɪɚɫɩɵɥɟɧɢɟɦ. ɂɫɫɥɟɞɨɜɚɧɵ ɫɬɪɭɤɬɭɪɵ ɢ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɦɚɬɟɪɢɚɥɚ 
ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɯ ɩɪɨɛ ɧɚ ɪɚɫɬɟɤɚɟɦɨɫɬɶ ɢ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɫɩɥɚɜɥɟɧɢɹ. ɉɪɨɜɟɞɟɧɵ 
ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɩɨɟɜ, ɜɵɩɥɚɜɥɟɧɧɵɯ ɧɚ ɜɵɫɨɤɨɱɢɫɬɵɯ ɲɢɯɬɨɜɵɯ ɦɚɬɟ-
ɪɢɚɥɚɯ ɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɯɪɨɦɚ ɬɟɯɧɢɱɟɫɤɨɣ ɱɢɫɬɨɬɵ. ɍɫɬɚɧɨɜɥɟɧɵ ɩɪɢɱɢɧɵ ɧɟɭɞɨɜɥɟ-
ɬɜɨɪɢɬɟɥɶɧɨɣ ɪɚɫɬɟɤɚɟɦɨɫɬɢ ɨɬɞɟɥɶɧɵɯ ɩɪɨɛ ɩɪɢɩɨɹ ȼɉɪ27. ɉɨɤɚɡɚɧɨ ɞɟɫɬɚɛɢɥɢɡɢ-
ɪɭɸɳɟɟ ɜɥɢɹɧɢɟ ɯɪɨɦɚ, ɡɚɝɪɹɡɧɟɧɧɨɝɨ ɩɪɢɦɟɫɹɦɢ ɜɧɟɞɪɟɧɢɹ, ɧɚ ɫɢɫɬɟɦɭ ɥɟɝɢɪɨɜɚɧɢɹ ɩɪɢ-
ɩɨɹ ȼɉɪ50, ɩɪɢɜɨɞɹɳɟɟ ɤ ɩɨɹɜɥɟɧɢɸ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɯɪɨɦɚ ɢ ɦɨɥɢɛɞɟɧɚ, ɧɟ ɯɚɪɚɤ-
ɬɟɪɧɵɯ ɞɥɹ ɥɢɬɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

Кɥɸчеɜɵе ɫɥɨɜа: ɩɨɪɨɲɤɨɜɚɹ ɦɟɬɚɥɥɭɪɝɢɹ, ɩɚɣɤɚ, ȼɉɪ27, ȼɉɪ50, ɉɗɆ, ɪɟɧɬɝɟɧɨ-
ɫɩɟɤɬɪɚɥɶɧɵɣ ɦɢɤɪɨɚɧɚɥɢɡ, ɗȾɋ, ɤɚɪɬɢɪɨɜɚɧɢɟ. 
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THE  INFLUENCE  OF  METALLURGICAL  FACTORS 
ON  THE  PHASE  COMPOSITION  AND  TECHNOLOGICAL 
CHARACTERISTICS  OF  THE  NICKEL  BASE  SOLDERS  WITH 
A  HIGH  CONTENT  OF  SILICON  AND  BORON 

 
In this article the inspection of technological characteristics in Si content brazing alloys: 

VPr27 and VPr50 – in a cast form and a powder made by gas dispersion was carried out. Struc-
ture and a phase composition of brazing alloy characteristics such as spreading area and melt-
ing uniformity were researched. Comparative researches of brazing alloys consist of high purity 
materials and with technical Chrome purity were made. The reasons of unsatisfactory results of 
VPr27 spreading area tests were established. The Destabilising Cr influence, polluted by impu-
rity intercalation, on doping system VPr50 brazing alloy, that leads to emergence of non-
distinctive for cast materials compounds based on Cr–Mo, were shown. 

Keywords: ɪowder metallurgy, soldering, VPr27, VPr50, TEM, X-ray microanalisys, EDS, 
mapping. 

 
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 

ɉɨɹɜɥɟɧɢɟ ɧɨɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɪɚɡɪɚɛɨɬɤɚ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɫɯɟɦ 
ɨɯɥɚɠɞɟɧɢɹ ɞɟɬɚɥɟɣ ɢ ɭɡɥɨɜ ȽɌȾ, ɧɨɜɵɯ ɬɢɩɨɜ ɫɬɚɬɨɪɧɵɯ ɭɩɥɨɬɧɟɧɢɣ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ 
ɬɭɪɛɢɧɵ ɬɪɟɛɭɸɬ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɩɪɢɩɨɟɜ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɩɚɣɤɢ ɢ ɫɩɨɫɨ-
ɛɨɜ ɧɚɧɟɫɟɧɢɹ ɩɪɢɩɨɟɜ. ɉɚɣɤɚ ɛɵɥɚ ɢ ɨɫɬɚɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɦ ɫɟɪɢɣɧɨ ɩɪɢɦɟɧɹɟɦɵɦ 
ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧɢɹ ɧɟɪɚɡɴɟɦɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɥɢɬɟɣɧɵɯ ɧɢɤɟɥɟɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚ-
ɜɨɜ, ɚ ɬɚɤɠɟ  ɩɪɢ ɢɯ ɪɟɦɨɧɬɟ, ɡɚɞɟɥɤɟ ɡɧɚɤɨɜɵɯ ɨɬɜɟɪɫɬɢɣ, ɫɨɟɞɢɧɟɧɢɢ ɫɨ ɫɜɚɪɢɜɚɟɦɵɦɢ 
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ɞɟɮɨɪɦɢɪɭɟɦɵɦɢ ɫɩɥɚɜɚɦɢ. ɉɨɷɬɨɦɭ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɩɪɢɩɨɟɜ ɢ ɬɟɯɧɨɥɨɝɢɢ ɩɚɣɤɢ 
ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɫɬɨɥɶ ɠɟ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ, ɤɚɤ ɢ ɩɪɢ ɫɨɡɞɚɧɢɢ ɧɨɜɵɯ ɜɵɫɨɤɨɠɚɪɨ-
ɩɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɩɪɢɦɟɧɟɧɢɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ 
ɝɨɪɹɱɟɝɨ ɬɪɚɤɬɚ ɫɨɜɪɟɦɟɧɧɵɯ ɢ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ȽɌȾ Д1, 2Ж. ȼ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜɨ ɎȽɍɉ 
«ȼɂȺɆ» ɧɢɤɟɥɟɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɩɪɢɩɨɹɯ, ɬɚɤɢɯ ɤɚɤ ȼɉɪ24, ȼɉɪ36, ȼɉɪ37, ȼɉɪ42, 
ȼɉɪ50 ɢ ɞɪ., ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɥɨɠɧɚɹ ɫɢɫɬɟɦɚ ɥɟɝɢɪɨɜɚɧɢɹ. ɍɤɚɡɚɧɧɵɟ ɩɪɢɩɨɢ ɩɪɢɦɟɧɹ-
ɸɬɫɹ ɜ ɬɚɤɢɯ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɹɯ, ɤɚɤ ɩɚɣɤɚ ɡɧɚɤɨɜɵɯ ɨɬɜɟɪɫɬɢɣ 
ɥɨɩɚɬɨɤ, ɞɟɮɥɟɤɬɨɪɨɜ, ɫɨɬɨɜɵɯ ɭɩɥɨɬɧɢɬɟɥɟɣ ɢ ɩɨɪɢɫɬɨɜɨɥɨɤɧɢɫɬɵɯ ɢɫɬɢɪɚɟɦɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ Д3Ж, ɢ ɞɚɠɟ ɨɩɪɨɛɭɸɬɫɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɬɭɪɛɢɧɵ ɤɨɧɫɬɪɭɤɰɢɢ 
ɬɢɩɚ «ɛɥɢɫɤ» ɢɡ ɪɚɡɧɨɢɦɟɧɧɵɯ ɧɢɤɟɥɟɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ Д4Ж. 

ɇɚɥɢɱɢɟ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɩɪɢɩɨɹɯ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɦɟɧɬɨɜ-
ɞɟɩɪɟɫɫɚɧɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɤɪɟɦɧɢɣ ɢ ɛɨɪ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɬɪɭɞɧɨɫɬɢ ɩɪɢ ɜɵ-
ɩɥɚɜɤɟ ɲɢɯɬɨɜɵɯ ɡɚɝɨɬɨɜɨɤ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɩɨɥɭɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ – 
ɛɭɞɶ ɬɨ ɩɨɪɨɲɨɤ ɢɥɢ ɚɦɨɪɮɧɚɹ ɥɟɧɬɚ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɤɪɟɦɧɢɣ, ɛɨɪ ɢ ɭɝɥɟɪɨɞ ɢɧɬɟɧɫɢɜ-
ɧɨ ɩɨɜɵɲɚɸɬ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ ɫɩɥɚɜɨɜ, ɚ ɬɚɤɠɟ ɢɯ ɫɤɥɨɧɧɨɫɬɶ ɤ ɚɦɨɪɮɢɡɚɰɢɢ Д5, 6Ж. 
ɉɨɷɬɨɦɭ ɞɚɧɧɵɟ ɥɟɝɢɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ ɹɜɥɹɸɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦɢ ɞɥɹ ɩɪɢɩɨɟɜ ɜ ɜɢɞɟ 
ɚɦɨɪɮɧɵɯ ɥɟɧɬ, ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɩɚɣɤɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ ɢ ɫɨɬɨɜɵɯ ɩɚɧɟɥɟɣ ɛɨɥɶɲɨɣ 
ɩɥɨɳɚɞɢ Д7Ж. ȼɵɫɨɤɚɹ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ ɬɚɤɢɯ ɩɪɢɩɨɟɜ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɢɯ ɜ ɜɢɞɟ ɩɨ-
ɪɨɲɤɨɜ ɫ ɛɨɥɶɲɢɦ ɜɵɯɨɞɨɦ ɝɨɞɧɨɝɨ ɩɨ ɬɨɧɤɢɦ ɮɪɚɤɰɢɹɦ (40ޒ ɦɤɦ) Д8Ж ɡɚ ɫɱɟɬ ɭɦɟɧɶ-
ɲɟɧɢɹ ɞɢɚɦɟɬɪɚ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɦɟɬɚɥɥɨɩɪɨɜɨɞɚ ɛɟɡ ɨɩɚɫɧɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɦɟɬɚɥɥɚ ɜ ɧɟɦ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɬɟɯɧɨɥɨɝɢɱɧɵɣ ɩɨɥɭɮɚɛɪɢɤɚɬ – ɨɫɨɛɨ ɬɨɧ-
ɤɢɟ ɥɟɧɬɵ ɩɨɪɨɲɤɨɜɨɝɨ ɩɪɢɩɨɹ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɫɜɹɡɭɸɳɟɦ ɬɨɥɳɢɧɨɣ 500ޒ ɦɤɦ Д9Ж. 
Ɉɞɧɚɤɨ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɚɦɨɪɮɧɵɯ ɥɟɧɬ ɢɡ ɩɪɢɩɨɟɜ ɬɢɩɚ ȼɉɪ50 ɢ ȼɉɪ27 ɢɧɨɝɞɚ ɜɨɡɧɢ-
ɤɚɸɬ ɧɚɪɭɲɟɧɢɹ ɥɚɦɢɧɚɪɧɨɝɨ ɢɫɬɟɱɟɧɢɹ ɪɚɫɩɥɚɜɚ ɜ ɩɪɨɰɟɫɫɟ ɫɩɢɧɧɢɧɝɨɜɚɧɢɹ. ȼɢɞɢɦɨ, 
ɨɧɢ ɧɟ ɫɜɹɡɚɧɵ ɫ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɨɰɟɫɫɚ, ɚ ɨɛɭɫɥɨɜɥɟɧɵ ɦɟɬɚɥɥɭɪɝɢ-
ɱɟɫɤɢɦ ɤɚɱɟɫɬɜɨɦ ɢɫɯɨɞɧɵɯ ɡɚɝɨɬɨɜɨɤ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɢɩɨɟɜ ɜ ɜɢɞɟ ɩɨɪɨɲɤɨɜ ɧɟɬɨɱɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɢ ɜɵɩɥɚɜɤɢ ɩɪɢ-
ɩɨɟɜ ɦɨɝɭɬ ɧɟ ɩɪɨɹɜɥɹɬɶɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɩɪɨɰɟɫɫɟ ɚɬɨɦɢɡɚɰɢɢ, ɨɞɧɚɤɨ ɢɯ ɧɟɫɥɨɠɧɨ 
ɜɵɹɜɢɬɶ ɩɪɢ ɤɨɧɬɪɨɥɟ ɤɚɱɟɫɬɜɚ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. Ɇɟɬɨɞɢɤɚ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɩɪɢɩɨɹ 
ɩɪɢ ɩɚɣɤɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɰɟɧɤɟ ɨɫɧɨɜɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ – ɪɚɫɬɟɤɚɟɦɨ-
ɫɬɢ ɢ ɫɦɚɱɢɜɚɟɦɨɫɬɢ. ɇɟɫɦɨɬɪɹ ɧɚ ɨɬɪɚɛɨɬɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɵɩɥɚɜɤɢ, ɩɪɨɛɥɟɦɵ ɫ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɪɢɩɨɟɜ ɜɨɡɧɢɤɚɸɬ ɩɟɪɢɨɞɢɱɟɫɤɢ. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜ-
ɥɟɧɨ ɫɦɟɧɨɣ ɩɨɫɬɚɜɳɢɤɚ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɦɚɫɲɬɚɛɧɵɦ ɮɚɤɬɨɪɨɦ ɩɪɢ ɩɟɪɟɯɨɞɟ ɧɚ 
ɜɵɩɥɚɜɤɭ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɟɱɚɯ ɫ ɛɨɥɶɲɨɣ ɟɦɤɨɫɬɶɸ ɬɢɝɥɹ, ɞɪɭɝɢɦɢ ɪɚɧɟɟ ɧɟ ɭɱɢɬɵ-
ɜɚɜɲɢɦɢɫɹ ɮɚɤɬɨɪɚɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɡɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɫɫɥɟɞɨɜɚɧɢɹ, 
ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɩɨɜɵɲɟɧɢɟ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ ɩɨɥɭɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ 
ɛɨɥɟɟ ɞɟɲɟɜɵɯ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ – ɜ ɱɚɫɬɧɨɫɬɢ, ɯɪɨɦɚ ɬɟɯɧɢɱɟɫɤɨɣ ɱɢɫɬɨɬɵ. 

ɉɪɢɩɨɢ ɨɬɧɨɫɹɬɫɹ ɤ ɦɚɬɟɪɢɚɥɚɦ, ɧɟ ɢɦɟɸɳɢɦ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ, 
ɩɨɫɤɨɥɶɤɭ ɜ ɩɪɨɰɟɫɫɟ ɩɚɣɤɢ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɢɩɨɹ ɜ ɩɚɹɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɡɧɚɱɢ-
ɬɟɥɶɧɨ ɢɡɦɟɧɹɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɢɧɬɟɧɫɢɜɧɨɝɨ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɨɛɦɟɧɚ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟ-
ɦɟɧɬɨɜ ɩɪɢɩɨɹ ɢ ɫɨɟɞɢɧɹɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ. ȼɟɪɨɹɬɧɨ, ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɥɨɤɚɥɶɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɩɪɢɩɨɟɜ ɜ ɥɢɬɨɦ ɫɨɫɬɨɹɧɢɢ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɧɟ ɩɪɨɜɨɞɹɬɫɹ. ɉɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɬɚɤɢɟ ɞɚɧɧɵɟ ɜ ɨɬɤɪɵɬɨɣ ɩɟɱɚɬɢ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬ-
ɫɬɜɭɸɬ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɪɨɛɥɟɦɵ, ɜɵɹɜɥɹɟɦɵɟ ɩɪɢ ɤɨɧɬɪɨɥɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɩɪɢɩɨɟɜ, ɬɪɟɛɭɸɬ ɛɨɥɟɟ ɩɨɥɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɮɚɡɨɜɨɦ ɫɨɫɬɚɜɟ ɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ 
ɩɪɢɩɨɟɜ ɢ ɜɨɡɦɨɠɧɵɯ ɩɪɢɱɢɧɚɯ ɟɝɨ ɢɡɦɟɧɟɧɢɹ. 

ɇɚɥɢɱɢɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɞɟɩɪɟɫɫɚɧɬɨɜ ɢ ɫɥɨɠɧɵɣ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɢ-
ɩɨɟɜ, ɛɥɢɡɤɢɣ ɤ ɩɚɹɟɦɵɦ ɦɚɬɟɪɢɚɥɚɦ, ɡɧɚɱɢɬɟɥɶɧɚɹ ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ ɩɥɚɜɥɟɧɢɹ ɢ 
ɩɥɨɬɧɨɫɬɟɣ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ (ɞɨ 10 ɪɚɡ ɩɨ ɨɬɞɟɥɶɧɵɦ ɷɥɟɦɟɧɬɚɦ) – ɜɫɟ ɷɬɨ ɫɩɨ-
ɫɨɛɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɸ ɜ ɪɚɫɩɥɚɜɟ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. ɉɨɫɥɟɞɧɢɟ ɩɪɟɩɹɬɫɬɜɭɸɬ 
ɮɨɪɦɢɪɨɜɚɧɢɸ ɨɞɧɨɪɨɞɧɨɝɨ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɧɟɝɚɬɢɜɧɨ ɜɥɢɹɸɬ ɧɚ ɪɚɫɬɟɤɚɟɦɨɫɬɶ 
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ɩɪɢɩɨɹ, ɚ ɬɚɤɠɟ ɫɨɡɞɚɸɬ ɩɪɨɛɥɟɦɵ ɩɪɢ ɫɩɢɧɧɢɧɝɨɜɚɧɢɢ ɢ ɚɬɨɦɢɡɚɰɢɢ. Ɉɫɨɛɟɧɧɨ ɷɬɨ 
ɤɚɫɚɟɬɫɹ ɩɪɢɩɨɟɜ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɪɟɦɧɢɹ ɢ ɛɨɪɚ, ɬɚɤɢɯ ɤɚɤ ȼɉɪ27 ɢ ȼɉɪ50. 
ɉɪɢɩɨɣ ȼɉɪ27 ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɚɣɤɢ ɞɟɬɚɥɟɣ ɢɡ ɥɢɬɟɣɧɵɯ ɠɚɪɨɩɪɨɱɧɵɯ 
ɫɩɥɚɜɨɜ, ɚ ɬɚɤɠɟ ɞɥɹ ɩɚɧɟɥɟɣ Д10Ж. ɉɪɢɩɨɣ ȼɉɪ50, ɛɨɥɟɟ ɫɨɜɪɟɦɟɧɧɵɣ ɢ ɨɞɢɧ ɢɡ ɧɚɢɛɨ-
ɥɟɟ ɜɨɫɬɪɟɛɨɜɚɧɧɵɯ, ɩɪɢɦɟɧɹɟɬɫɹ ɤɚɤ ɞɥɹ ɜɚɤɭɭɦɧɨɣ, ɬɚɤ ɢ ɞɥɹ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɚɣɤɢ 
ɧɟɪɠɚɜɟɸɳɢɯ ɫɬɚɥɟɣ Д11Ж. 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɟɞɩɪɢɧɹɬɚ ɩɨɩɵɬɤɚ ɭɫɬɚɧɨɜɢɬɶ ɩɪɢɪɨɞɭ ɨɛɪɚɡɨɜɚɧɢɹ ɯɢɦɢɱɟ-
ɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɜɵɫɨɤɨɤɪɟɦɧɢɫɬɵɯ ɢ ɛɨɪɫɨɞɟɪɠɚɳɢɯ ɩɪɢɩɨɹɯ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ, 
ɚ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɬɶ ɭɫɥɨɜɢɹ ɢɯ ɨɛɪɚɡɨɜɚɧɢɹ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 10.9. 
«ɉɪɢɩɨɢ ɢ ɬɟɯɧɨɥɨɝɢɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɞɢɮɮɭɡɢɨɧɧɨɣ ɩɚɣɤɢ ɫ ɤɨɦɩɶɸɬɟɪɧɵɦ 
ɭɩɪɚɜɥɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɫɬɪɭɤɬɭ-
ɪɵ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨ-
ɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ» Д12Ж. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧɵ ɩɪɢɩɨɢ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ ɦɚɪɨɤ ȼɉɪ27 ɢ 
ȼɉɪ50, ɤɚɪɞɢɧɚɥɶɧɨ ɨɬɥɢɱɚɸɳɢɟɫɹ ɫɨɞɟɪɠɚɧɢɟɦ ɚɦɨɪɮɢɡɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ (ɬɚɛɥ. 1). 

 
Ɍɚɛɥɢɰɚ 1 

ɋɢɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ ɩɪɢɩɨɟɜ ȼɉɪ27 ɢ ȼɉɪ50 
ɉɪɢɩɨɣ ɋɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ Si+B+C*, % (ɩɨ ɦɚɫɫɟ) ɋɨɞɟɪɠɚɧɢɟ Si*, % (ɩɨ ɦɚɫɫɟ) 
ȼɉɪ27 4,15 0,7 
ȼɉɪ50 8 6,5 

* ɍɤɚɡɚɧɵ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɟ ɜ ɩɪɟɞɟɥɚɯ ɥɟɝɢɪɨɜɚɧɢɹ ɫɨɞɟɪɠɚɧɢɹ. 
 
ɂɫɫɥɟɞɨɜɚɥɢ ɩɪɢɩɨɢ, ɜɵɩɥɚɜɥɟɧɧɵɟ ɜ ɜɚɤɭɭɦɧɨɣ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɟɱɢ ɫ ɢɫɩɨɥɶ-

ɡɨɜɚɧɢɟɦ ɯɪɨɦɚ ɦɚɪɤɢ ɏ99ɇ4 ɫ ɧɟɧɨɪɦɢɪɭɟɦɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɢɫɥɨɪɨɞɚ (ɦɚɫɫɚ ɩɥɚɜɤɢ 
10–20 ɤɝ) ɢ ɜ ɥɚɛɨɪɚɬɨɪɧɨɣ ɞɭɝɨɜɨɣ ɩɟɱɢ (ɦɚɫɫɚ ɩɥɚɜɤɢ 100–150 ɝ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɨɫɨɛɨ ɱɢɫɬɵɯ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɯɪɨɦɚ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ ɦɚɪɤɢ ɗɊɏ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢɩɨɟɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɜɚ ɬɢɩɚ 
ɩɪɨɛ: 

– ɧɚ ɪɚɫɬɟɤɚɟɦɨɫɬɶ, ɤɨɝɞɚ ɧɚ ɲɥɢɮɨɜɚɧɧɭɸ ɩɥɚɫɬɢɧɭ ɢɡ ɫɬɚɥɢ 12ɏ18ɇ10Ɍ ɤɨɦ-
ɩɚɤɬɧɨ ɩɨɦɟɳɚɥɢ ɢɫɫɥɟɞɭɟɦɵɣ ɩɨɪɨɲɨɤ ɜ ɤɨɥɢɱɟɫɬɜɟ 0,15 ɝ, ɚ ɩɨɫɥɟ ɧɚɝɪɟɜɚ ɨɰɟɧɢɜɚɥɢ 
ɩɥɨɳɚɞɶ ɢ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɬɟɤɚɧɢɹ ɤɚɩɥɢ ɩɪɢɩɨɹ; 

– ɧɚ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɫɩɥɚɜɥɟɧɢɹ, ɤɨɝɞɚ ɲɥɢɮɨɜɚɧɧɭɸ ɩɥɚɫɬɢɧɭ ɢɡ ɫɬɚɥɢ 12ɏ18ɇ10Ɍ 
ɩɨɤɪɵɜɚɥɢ ɬɨɧɤɢɦ ɫɥɨɟɦ ɧɟɜɵɫɵɯɚɸɳɟɝɨ ɤɥɟɹ ɧɚ ɨɫɧɨɜɟ ɫɨɩɨɥɢɦɟɪɚ ɚɤɪɢɥɨɜɨɣ ɫɦɨɥɵ 
ȻɆɄ-5, ɩɨɫɥɟ ɱɟɝɨ ɪɚɜɧɨɦɟɪɧɨ ɧɚɧɨɫɢɥɢ «ɦɨɧɨɫɥɨɣ» ɩɨɪɨɲɤɚ ɩɪɢɩɨɹ. ɉɨɫɥɟ ɧɚɝɪɟɜɚ 
ɨɰɟɧɢɜɚɥɢ ɧɚɥɢɱɢɟ ɧɟɪɚɫɩɥɚɜɢɜɲɢɯɫɹ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ ɢ ɢɧɨɪɨɞɧɵɯ ɜɤɥɸɱɟɧɢɣ. Ⱦɚɧ-
ɧɚɹ ɦɟɬɨɞɢɤɚ, ɩɪɢɦɟɧɹɟɦɚɹ ɞɥɹ ɨɰɟɧɤɢ ɩɨɥɧɨɬɵ ɨɱɢɫɬɤɢ ɭɫɬɚɧɨɜɤɢ ɪɚɫɩɵɥɟɧɢɹ ɩɪɢ 
ɩɟɪɟɯɨɞɟ ɫ ɨɞɧɨɣ ɦɚɪɤɢ ɩɪɢɩɨɹ ɧɚ ɞɪɭɝɭɸ, ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɧɟɪɚɫɩɥɚɜɢɜɲɢɟɫɹ 
ɱɚɫɬɢɰɵ, ɨɛɪɚɡɨɜɚɧɢɟ ɤɨɬɨɪɵɯ ɫɜɹɡɚɧɨ ɫ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɬɟɯɧɨɥɨɝɢɢ ɜɵɩɥɚɜɤɢ. 

ɇɚɝɪɟɜ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɜɚɤɭɭɦɧɨɣ ɷɥɟɤɬɪɨɩɟɱɢ ȼȿȽȺ-3 ɩɨ ɩɪɢɧɹɬɨɦɭ ɪɟ-
ɠɢɦɭ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɩɨɟɜ ɨɰɟɧɢɜɚɥɢ ɧɚ ɨɛɪɚɡɰɚɯ, ɜɵɪɟɡɚɧɧɵɯ 
ɢɡ ɥɢɬɵɯ ɲɢɯɬɨɜɵɯ ɡɚɝɨɬɨɜɨɤ, ɢ ɩɨɪɨɲɤɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɚɬɨɦɢɡɚɰɢɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɨɩɬɢɱɟɫɤɨɣ, ɪɚɫɬɪɨɜɨɣ ɷɥɟɤ-
ɬɪɨɧɧɨɣ (ɊɗɆ) ɢ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (ɉɗɆ). Ʌɨɤɚɥɶɧɵɣ  
ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɦɢɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ 
ɚɧɚɥɢɡɚ (ɆɊɋȺ). 
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Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 
Кɨɧɬɪɨɥɶ ɬехɧɨɥɨɝичеɫɤих хаɪаɤɬеɪиɫɬиɤ ɩɪиɩɨɹ ВПɪ27 

ɉɪɨɛɚ ɧɚ ɪɚɫɬɟɤɚɟɦɨɫɬɶ ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɨɣ ɧɚɪɚɜɧɟ ɫ ɩɪɨɜɟɪɤɨɣ ɯɢɦɢɱɟɫɤɨ-
ɝɨ ɫɨɫɬɚɜɚ ɩɪɢɩɨɹ. Ɉɧɚ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɩɪɨɛɥɟɦɵ ɫ ɮɚɡɨɜɵɦ ɫɨɫɬɚɜɨɦ ɩɪɢɩɨɹ ɩɪɢ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɩɪɟɞɟɥɚɦ ɥɟɝɢɪɨɜɚɧɢɹ. ɉɪɢ ɯɨɪɨɲɟɣ ɪɚɫɬɟɤɚɟɦɨɫɬɢ 
ɩɪɢɩɨɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɛɵ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɜɤɥɸɱɟɧɢɣ, ɤɚɩɥɹ ɩɪɢɩɨɹ ɞɨɥɠɧɚ ɢɦɟɬɶ 
ɨɞɧɨɪɨɞɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɢ ɭɦɟɪɟɧɧɭɸ ɡɨɧɭ ɨɛɥɭɠɢɜɚɧɢɹ (ɪɢɫ. 1, ɚ). ȼ ɦɟɫɬɟ ɪɚɫɩɨɥɨ-
ɠɟɧɢɹ ɧɚɜɟɫɤɢ ɞɨɥɠɟɧ ɛɵɬɶ ɜɢɞɟɧ ɪɨɜɧɵɣ ɨɞɢɧɨɱɧɵɣ ɦɟɧɢɫɤ ɫ ɩɥɚɜɧɵɦɢ ɩɟɪɟɯɨɞɚɦɢ 
ɤ ɩɨɞɥɨɠɤɟ. ɇɚ ɩɪɨɛɚɯ, ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨ ɪɚɫɬɟɤɚɟɦɨɫɬɢ, ɧɚɛɥɸɞɚ-
ɸɬɫɹ ɯɨɪɨɲɨ ɜɢɞɢɦɵɟ ɜɤɥɸɱɟɧɢɹ, ɜɢɡɭɚɥɶɧɨ ɢɞɟɧɬɢɮɢɰɢɪɭɟɦɵɟ ɤɚɤ ɧɟɪɚɫɩɥɚɜɢɜɲɢɟ-
ɫɹ ɱɚɫɬɢɰɵ (ɪɢɫ. 1, ɛ). 

 
Ɋɢɫ. 1. ȼɧɟɲɧɢɣ ɜɢɞ ɩɪɨɛ ɧɚ ɪɚɫɬɟɤɚɟɦɨɫɬɶ ɩɪɢɩɨɹ ȼɉɪ27: ɚ – ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɚɹ;  

ɛ – ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɚɹ 
 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɯ ɩɪɨɛ ɧɚ 
ɪɚɫɬɟɤɚɟɦɨɫɬɶ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ ɧɚɜɟɫɤɢ ɪɚɫɩɥɚɜɥɹɟɬɫɹ, ɚ ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɪɟɥɶɟɮɚ ɫɜɹɡɚɧɨ ɫ ɧɚɥɢɱɢɟɦ ɱɚɫɬɢɰ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ – ɢɯ ɪɚɡɦɟɪ ɪɟɞ-
ɤɨ ɩɪɟɜɵɲɚɟɬ 100 ɦɤɦ, ɜ ɨɫɧɨɜɧɨɦ ɱɚɫɬɢɰɵ ɢɦɟɸɬ ɪɚɡɦɟɪ ɜ ɩɨɩɟɪɟɱɧɢɤɟ 25–40 ɦɤɦ. 
Ɇɟɯɚɧɢɡɦ ɨɛɪɚɡɨɜɚɧɢɹ ɪɟɥɶɟɮɚ ɫɥɟɞɭɸɳɢɣ. ɇɚɜɟɫɤɚ ɩɪɢɩɨɹ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɩɨɞɥɨɠ-
ɤɟ. ɉɪɢ ɧɚɝɪɟɜɟ ɩɥɚɜɥɟɧɢɟ ɧɚɜɟɫɤɢ ɩɪɨɯɨɞɢɬ ɜ ɞɜɟ ɫɬɚɞɢɢ (ɪɢɫ. 2, ɚ). ɉɟɪɜɚɹ ɫɬɚɞɢɹ – 
ɨɫɚɞɤɚ, ɤɨɝɞɚ ɢɡ-ɡɚ ɩɨɬɟɪɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚɜɟɫɤɚ ɧɚɱɢɧɚ-
ɟɬ ɨɫɚɠɢɜɚɬɶɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɬɹɠɟɫɬɢ. ɉɪɢ ɷɬɨɦ ɩɥɨɬɧɨɫɬɶ ɜɤɥɸɱɟɧɢɣ ɩɨ ɜɟɪɬɢ-
ɤɚɥɢ ɜɨɡɪɚɫɬɚɟɬ, ɱɚɫɬɢɰɵ ɧɟɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɵ ɫɨɡɞɚɸɬ ɤɚɪɤɚɫ, ɚɧɚɥɨɝɢɱɧɵɣ ɮɨɪɦɢ-
ɪɭɸɳɟɦɭɫɹ ɜ ɩɪɨɰɟɫɫɟ ɤɨɦɩɨɡɢɰɢɨɧɧɨɣ ɩɚɣɤɢ. ȼɬɨɪɚɹ ɫɬɚɞɢɹ – ɪɚɫɬɟɤɚɧɢɟ, ɤɨɝɞɚ ɩɪɢ 
ɞɨɫɬɢɠɟɧɢɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɩɥɚɜ ɫɦɚɱɢɜɚɟɬ ɩɨɞɥɨɠɤɭ ɢ ɡɚ ɫɱɟɬ ɤɚɩɢɥ-
ɥɹɪɧɵɯ ɫɢɥ ɤɨɧɰɟɧɬɪɢɱɟɫɤɢ ɪɚɫɬɟɤɚɟɬɫɹ ɨɬ ɰɟɧɬɪɚ ɧɚɜɟɫɤɢ. Ʉɚɩɢɥɥɹɪɧɵɟ ɫɢɥɵ ɭɞɟɪ-
ɠɢɜɚɸɬ ɱɚɫɬɶ ɠɢɞɤɨɫɬɢ ɜ ɤɚɪɤɚɫɟ ɢɡ ɧɟɪɚɫɩɥɚɜɢɜɲɢɯɫɹ ɜɤɥɸɱɟɧɢɣ, ɤɨɬɨɪɵɣ ɨɫɬɚɟɬɫɹ 
ɩɨɤɪɵɬɵɦ ɩɪɢɩɨɟɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɮɨɪɦɢɪɭɟɬɫɹ ɜɵɪɚɠɟɧɧɵɣ ɪɟɥɶɟɮ ɧɚ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɩɪɨɛɵ. Ɍɚɤɨɣ ɦɟɯɚɧɢɡɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɩɪɨɛɵ ɩɨɞɬɜɟɪɠɞɚ-
ɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɨɜ. ȼ ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɟ (ɪɢɫ. 2, ɛ) 
ɯɨɪɨɲɨ ɜɢɞɧɨ ɫɤɨɩɥɟɧɢɟ ɱɚɫɬɢɰ ɢɪɪɟɝɭɥɹɪɧɨɣ ɮɨɪɦɵ. ȼ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɟ ɯɚɪɚɤɬɟɪɧɵɣ 
ɭɝɨɥ ɧɚɤɥɨɧɚ ɨɫɧɨɜɧɨɣ ɦɚɫɫɵ ɱɚɫɬɢɰ ɩɨɞɬɜɟɪɠɞɚɟɬ ɧɚɥɢɱɢɟ ɫɬɚɞɢɢ ɨɫɚɞɤɢ ɧɚɜɟɫɤɢ 
ɩɪɢɩɨɹ (ɪɢɫ. 2, ɜ). ȼ ɡɨɧɟ ɪɚɫɬɟɤɚɧɢɹ (ɪɢɫ. 2, ɝ) ɩɪɢɫɭɬɫɬɜɭɸɬ ɥɢɲɶ ɟɞɢɧɢɱɧɵɟ ɱɚɫɬɢɰɵ, 
ɤɨɬɨɪɵɟ, ɨɱɟɜɢɞɧɨ, ɜɵɧɨɫɹɬɫɹ ɩɨɬɨɤɨɦ ɪɚɫɩɥɚɜɚ. 
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Ɋɢɫ. 2. ɋɯɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ (ɚ) ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɤɚɩɥɢ ɩɪɢɩɨɹ (ɊɗɆ): ɛ, ɜ – ɰɟɧɬɪɚɥɶɧɚɹ ɢ 

ɩɟɪɟɯɨɞɧɚɹ ɡɨɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; ɝ – ɡɨɧɚ ɪɚɫɬɟɤɚɧɢɹ 
 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɯ ɩɪɨɛ ɧɚ ɪɚɫɬɟɤɚɟɦɨɫɬɶ ɦɟɬɨɞɨɦ 
ɆɊɋȺ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɱɚɫɬɢɰɵ, ɮɨɪɦɢɪɭɸɳɢɟ ɤɚɪɤɚɫ, ɩɪɟɩɹɬɫɬɜɭɸɳɢɣ ɪɚɫɬɟɤɚɧɢɸ 
ɩɪɢɩɨɹ, ɫɨɫɬɨɹɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɡ ɜɨɥɶɮɪɚɦɚ. ɇɚ ɪɢɫ. 3, ɚ–ɜ ɜɢɞɧɨ, ɱɬɨ ɜɤɥɸɱɟɧɢɹ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɚɝɥɨɦɟɪɚɬɵ ɩɥɚɫɬɢɧɱɚɬɵɯ ɢ ɬɪɚɩɟɰɟɢɞɚɥɶɧɵɯ ɱɚɫɬɢɰ ɫ ɧɟɛɨɥɶɲɢ-
ɦɢ ɮɪɚɝɦɟɧɬɚɦɢ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɦɟɠɞɭ ɧɢɦɢ. 

ɇɚ ɤɚɪɬɚɯ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɪɢɫ. 3, ɝ) ɷɥɟɦɟɧɬɨɜ ɜɢɞɧɨ, ɱɬɨ ɞɚɧɧɵɟ ɱɚɫɬɢɰɵ ɫɨ-
ɞɟɪɠɚɬ ɤɪɟɦɧɢɣ ɢ ɦɨɥɢɛɞɟɧ. Ɍɜɟɪɞɨɪɚɫɬɜɨɪɧɵɟ ɷɥɟɦɟɧɬɵ, ɬɚɤɢɟ ɤɚɤ ɧɢɤɟɥɶ, ɤɨɛɚɥɶɬ ɢ 
ɠɟɥɟɡɨ, ɜ ɫɨɫɬɚɜ ɜɵɹɜɥɟɧɧɵɯ ɱɚɫɬɢɰ ɧɟ ɜɯɨɞɹɬ (ɧɚ ɭɪɨɜɧɟ ɩɪɢɦɟɫɟɣ). Ɇɨɠɧɨ ɫ ɞɨɫɬɚ-
ɬɨɱɧɨɣ ɞɨɥɟɣ ɭɜɟɪɟɧɧɨɫɬɢ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɞɚɧɧɵɟ ɱɚɫɬɢɰɵ ɤɚɤ ɫɥɨɠɧɵɟ ɫɢɥɢɰɢɞɵ. 
ɉɨ ɞɚɧɧɵɦ ɪɚɛɨɬɵ Д13Ж ɞɥɹ ɫɢɥɢɰɢɞɧɵɯ ɮɚɡ ɧɚ ɨɫɧɨɜɟ ɜɨɥɶɮɪɚɦɚ ɢ ɦɨɥɢɛɞɟɧɚ ɯɚɪɚɤ-
ɬɟɪɧɚ ɩɨɥɧɚɹ ɜɡɚɢɦɧɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɦɨɥɢɛɞɟɧɚ ɢ ɜɨɥɶɮɪɚɦɚ, ɚ ɩɪɟɨɛɥɚɞɚɧɢɟ ɜɨɥɶ-
ɮɪɚɦɚ ɜ ɬɪɨɣɧɨɦ ɫɢɥɢɰɢɞɟ ɜɫɟɝɞɚ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɮɚɡɵ ɬɢɩɚ Me5Si3. 
 

 
Ɋɢɫ. 3. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɤɚɩɥɢ ɩɪɢɩɨɹ ȼɉɪ27 (ɚ–ɜ) ɢ ɤɚɪɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ (ɝ) 
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Ɋɚɡɦɟɪ ɚɝɥɨɦɟɪɚɬɨɜ ɞɨɫɬɢɝɚɟɬ 70 ɦɤɦ ɜ ɩɨɩɟɪɟɱɧɢɤɟ, ɱɬɨ ɬɚɤɠɟ ɫɨɜɩɚɞɚɟɬ ɫ ɪɚɡ-
ɦɟɪɚɦɢ ɱɚɫɬɢɰ ɬɪɨɣɧɵɯ ɫɢɥɢɰɢɞɨɜ, ɨɩɢɫɚɧɧɵɯ ɜ ɪɚɛɨɬɟ Д13Ж. 

ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɧɚɯɥɟɫɬɨɱɧɨɝɨ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɥɚɫɬɢɧ 
ɢɡ ɫɩɥɚɜɚ ȼɀ159, ɜɵɩɨɥɧɟɧɧɨɝɨ ɩɪɢɩɨɟɦ ȼɉɪ27, ɫ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɪɚɫɬɟɤɚɟɦɨɫɬɶɸ. 
ȼɢɞɧɨ, ɱɬɨ ɜ ɫɬɪɭɤɬɭɪɟ ɩɪɢɩɨɹ ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɱɚɫɬɢɰɵ ɫɢɥɢɰɢɞɨɜ ɯɚɪɚɤɬɟɪɧɨɣ 
ɦɨɪɮɨɥɨɝɢɢ, ɨɞɧɚɤɨ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɝɨ ɪɚɡɦɟɪɚ. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɧɟ 
ɩɪɟɜɵɲɚɟɬ 15–20 ɦɤɦ, ɱɬɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɢɩɨɸ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɭɸ 
ɪɚɫɬɟɤɚɟɦɨɫɬɶ, ɬɚɤ ɤɚɤ ɬɜɟɪɞɵɟ ɱɚɫɬɢɰɵ ɧɟ ɮɨɪɦɢɪɭɸɬ ɤɚɪɤɚɫ, ɚ ɩɟɪɟɦɟɳɚɸɬɫɹ  
ɫ ɩɨɬɨɤɨɦ ɪɚɫɩɥɚɜɚ. 

 

 
Ɋɢɫ. 4. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɩɥɚɜɚ ȼɀ159, ɜɵɩɨɥɧɟɧɧɨɝɨ ɩɪɢɩɨɟɦ 

ȼɉɪ27, ɫ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɪɚɫɬɟɤɚɟɦɨɫɬɶɸ  
 
Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɩɪɢɱɢɧ ɨɛɪɚɡɨɜɚɧɢɹ ɫɢɥɢɰɢɞɧɵɯ ɜɤɥɸɱɟɧɢɣ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨ-

ɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɤɚɩɥɢ ɷɬɚɥɨɧɧɨɝɨ ɩɪɢɩɨɹ ȼɉɪ27, ɜɵɩɥɚɜɥɟɧɧɨɝɨ ɧɚ ɨɫɨɛɨ ɱɢ-
ɫɬɵɯ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɚɯ ɜ ɥɚɛɨɪɚɬɨɪɧɨɣ ɞɭɝɨɜɨɣ ɩɟɱɢ. ȼ ɫɬɪɭɤɬɭɪɟ ɷɬɨɝɨ ɩɪɢɩɨɹ 
ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɫɢɥɢɰɢɞɧɵɟ ɜɤɥɸɱɟɧɢɹ ɪɚɡɦɟɪɨɦ 10–15 ɦɤɦ, ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟ-
ɞɟɥɟɧɧɵɟ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ ɩɪɨɛɵ (ɪɢɫ. 5, ɚ). ɑɚɫɬɢɰɵ ɩɥɚɫɬɢɧɱɚɬɨɣ ɢ ɬɪɚɩɟɰɟɢɞɚɥɶɧɨɣ 
ɦɨɪɮɨɥɨɝɢɢ (ɤɚɤ ɢ ɜ ɪɚɧɟɟ ɢɫɫɥɟɞɨɜɚɧɧɨɣ ɩɪɨɛɟ) ɹɜɥɹɸɬɫɹ ɚɝɥɨɦɟɪɚɬɚɦɢ, ɮɨɪɦɢɪɭɸ-
ɳɢɦɢɫɹ ɢɡ ɜɵɞɟɥɟɧɢɣ ɦɢɤɪɨɧɧɨɝɨ ɢ ɫɭɛɦɢɤɪɨɧɧɨɝɨ ɪɚɡɦɟɪɚ (ɪɢɫ. 5, ɛ). Ʉɚɪɬɵ ɪɚɫɩɪɟ-
ɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɨɥɧɨɫɬɶɸ ɢɞɟɧɬɢɱɧɵ ɩɪɨɛɚɦ ɩɪɢɩɨɟɜ, ɜɵɩɥɚɜɥɟɧɧɵɯ ɜ ɜɚɤɭɭɦɧɨɣ 
ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɟɱɢ. Ɉɫɧɨɜɧɵɦɢ ɫɨɫɬɚɜɥɹɸɳɢɦɢ ɱɚɫɬɢɰ ɹɜɥɹɸɬɫɹ ɜɨɥɶɮɪɚɦ, ɦɨɥɢɛɞɟɧ 
ɢ ɤɪɟɦɧɢɣ. Ɉɛɥɚɫɬɢ, ɨɛɨɝɚɳɟɧɧɵɟ ɯɪɨɦɨɦ, ɜɢɞɧɵ ɩɨ ɝɪɚɧɢɰɚɦ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɢɰ. Ɂɧɚ-
ɱɢɦɵɯ ɫɟɝɪɟɝɚɰɢɣ ɩɨ ɨɫɬɚɥɶɧɵɦ ɥɟɝɢɪɭɸɳɢɦ ɷɥɟɦɟɧɬɚɦ ɧɟ ɨɬɦɟɱɟɧɨ. ȿɞɢɧɫɬɜɟɧɧɵɦ 
ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɬɥɢɱɢɟɦ ɷɬɚɥɨɧɧɨɝɨ ɩɪɢɩɨɹ ɢ ɩɪɢɩɨɹ ɫ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɪɚɫɬɟɤɚ-
ɟɦɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɪɚɡɦɟɪ ɫɢɥɢɰɢɞɧɵɯ ɜɤɥɸɱɟɧɢɣ. 

ɉɨɹɜɥɟɧɢɟ ɱɚɫɬɢɰ ɫɢɥɢɰɢɞɨɜ ɜɨɥɶɮɪɚɦɚ ɢ ɦɨɥɢɛɞɟɧɚ ɞɚɠɟ ɜ ɷɬɚɥɨɧɧɨɦ ɩɪɢɩɨɟ, 
ɩɨɥɭɱɟɧɧɨɦ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɟɪɟɝɪɟɜɚɯ ɩɪɢ ɞɭɝɨɜɨɣ (ɝɚɪɧɢɫɚɠɧɨɣ) 
ɩɥɚɜɤɟ, ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨɛ ɨɛɳɟɣ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɫɢɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ ɩɪɢ-
ɩɨɹ ȼɉɪ27. Ɉɛɪɚɡɨɜɚɧɢɟ ɬɚɤɢɯ ɱɚɫɬɢɰ ɧɟ ɫɜɹɡɚɧɨ ɫ ɜɨɡɦɨɠɧɵɦ ɨɛɨɝɚɳɟɧɢɟɦ ɬɜɟɪɞɨɝɨ 
ɪɚɫɬɜɨɪɚ ɤɪɟɦɧɢɟɦ ɜ ɩɪɨɰɟɫɫɟ ɩɥɚɜɥɟɧɢɹ ɡɚɜɚɥɤɢ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɜɵɩɥɚɜɤɟ ɜ ɜɚɤɭɭɦ-
ɧɵɯ ɢɧɞɭɤɰɢɨɧɧɵɯ ɩɟɱɚɯ ɤɪɟɦɧɢɣ ɜɜɨɞɢɬɫɹ ɜ ɤɨɧɰɟ ɩɥɚɜɤɢ ɧɚ ɡɟɪɤɚɥɨ ɪɚɫɩɥɚɜɚ. ɉɪɢ 
ɧɟɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɤɪɟɦɧɢɹ (з0,5% (ɩɨ ɦɚɫɫɟ)) ɤɨɥɢɱɟɫɬɜɨ ɨɛɪɚɡɭɸɳɢɯɫɹ ɫɢɥɢɰɢ-
ɞɨɜ ɜɟɫɶɦɚ ɜɟɥɢɤɨ. ɉɪɢ ɷɬɨɦ ɮɚɤɬɨɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɪɚɡɦɟɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɱɚɫɬɢɰ, ɚ 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɪɚɫɬɟɤɚɟɦɨɫɬɶ ɩɨɥɭɱɚɟɦɨɝɨ ɩɪɢɩɨɹ, ɨɩɪɟɞɟɥɢɬɶ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɝɨ  
ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ. 
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Ɋɢɫ. 5. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɤɚɩɥɢ ɷɬɚɥɨɧɧɨɝɨ ɩɪɢɩɨɹ ȼɉɪ27, ɜɵɩɥɚɜɥɟɧɧɨɝɨ ɜ ɥɚɛɨɪɚɬɨɪɧɨɣ 

ɞɭɝɨɜɨɣ ɩɟɱɢ (ɚ, ɛ), ɢ ɤɚɪɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ (ɜ) 
 

Кɨɧɬɪɨɥɶ ɬехɧɨɥɨɝичеɫɤих хаɪаɤɬеɪиɫɬиɤ ɩɪиɩɨɹ ВПɪ50 
ɉɪɨɛɚ ɧɚ ɪɚɫɬɟɤɚɟɦɨɫɬɶ ɩɪɢ ɨɰɟɧɤɟ ɧɚɥɢɱɢɹ ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɮɚɡ ɢ ɜɤɥɸɱɟɧɢɣ 

ɦɨɠɟɬ ɛɵɬɶ ɧɟ ɜɫɟɝɞɚ ɩɨɤɚɡɚɬɟɥɶɧɨɣ ɞɥɹ ɫɩɥɚɜɨɜ ɫ ɛɨɥɶɲɢɦ ɫɭɦɦɚɪɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ 
ɷɥɟɦɟɧɬɨɜ-ɞɟɩɪɟɫɫɚɧɬɨɜ. Ȼɨɥɶɲɚɹ ɩɨɞɜɢɠɧɨɫɬɶ ɢ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ ɪɚɫɩɥɚɜɚ ɧɟ ɮɨɪ-
ɦɢɪɭɟɬ ɜɵɪɚɠɟɧɧɨɝɨ ɪɟɥɶɟɮɚ, ɪɚɡɥɢɱɢɦɨɝɨ ɩɪɢ ɜɢɡɭɚɥɶɧɨɦ ɤɨɧɬɪɨɥɟ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ 
ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɹɜɥɹɟɬɫɹ ɩɪɨɛɚ ɧɚ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɫɩɥɚɜɥɟɧɢɹ – ɬɚɤ 
ɧɚɡɵɜɚɟɦɚɹ ɩɚɣɤɚ ɦɨɧɨɫɥɨɹ. Ⱦɥɹ ɬɚɤɨɣ ɩɪɨɛɵ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢɩɨɣ ɜ ɜɢɞɟ ɪɚɫɩɵɥɟɧ-
ɧɨɝɨ ɩɨɪɨɲɤɚ. ȼɧɟɲɧɢɣ ɜɢɞ ɩɪɨɛ ɧɚ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɫɩɥɚɜɥɟɧɢɹ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 6. 
ɍɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɚɹ ɩɪɨɛɚ (ɪɢɫ. 6, ɚ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɜɧɨɦɟɪɧɵɣ ɫɥɨɣ ɩɪɢɩɨɹ, 
ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɬɨɪɨɝɨ ɨɬɫɭɬɫɬɜɭɸɬ (ɢɥɢ ɩɪɢɫɭɬɫɬɜɭɸɬ ɬɨɥɶɤɨ ɟɞɢɧɢɱɧɵɟ) ɜɤɥɸɱɟ-
ɧɢɹ, ɜɢɞɢɦɵɟ ɧɟɜɨɨɪɭɠɟɧɧɵɦ ɜɡɝɥɹɞɨɦ. ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɩɪɨ-
ɛɵ ɩɪɢɫɭɬɫɬɜɭɸɬ ɱɚɫɬɢɰɵ ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɵɯ ɨɱɚɝɨɜ ɢɥɢ ɫɩɥɨɲɧɨɣ «ɫɵɩɢ» (ɪɢɫ. 6, ɛ), 
ɯɨɪɨɲɨ ɜɢɞɢɦɵɟ ɧɟɜɨɨɪɭɠɟɧɧɵɦ ɜɡɝɥɹɞɨɦ. Ɍɚɤɨɣ ɦɟɬɨɞ ɤɨɧɬɪɨɥɹ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ 
ɤɚɤ ɩɨɫɬɨɪɨɧɧɢɟ ɡɚɝɪɹɡɧɟɧɢɹ (ɩɨɫɥɟɞɫɬɜɢɹ ɧɟɩɨɥɧɨɣ ɨɱɢɫɬɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɫɧɚɫɬ-
ɤɢ), ɬɚɤ ɢ ɱɚɫɬɢɰɵ, ɩɨɹɜɥɟɧɢɟ ɤɨɬɨɪɵɯ ɜɵɡɜɚɧɨ ɨɬɤɥɨɧɟɧɢɟɦ ɨɬ ɨɩɬɢɦɚɥɶɧɨɝɨ  
ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ. 

ɉɪɨɛɵ ɧɚ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɫɩɥɚɜɥɟɧɢɹ ɩɨɪɨɲɤɚ ɩɪɢɩɨɹ ȼɉɪ50, ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɤɨɬɨɪɵɯ ɜɢɡɭɚɥɶɧɨ ɨɛɧɚɪɭɠɟɧɵ ɜɤɥɸɱɟɧɢɹ, ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɬɨɞɨɦ ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧ-
ɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. ȼɧɟɲɧɢɣ ɜɢɞ ɜɤɥɸɱɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 7, ɚ. ɉɪɢ ɛɨɥɶɲɟɦ ɭɜɟ-
ɥɢɱɟɧɢɢ (ɪɢɫ. 7, ɛ) ɜɢɞɧɨ, ɱɬɨ ɜɤɥɸɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɭɛɨɢɞɧɵɟ ɱɚɫɬɢɰɵ, ɱɚ-
ɫɬɢɱɧɨ ɨɛɥɭɠɟɧɧɵɟ ɩɪɢɩɨɟɦ. Ʌɢɧɟɣɧɵɣ ɪɚɡɦɟɪ ɝɪɚɧɢ ɱɚɫɬɢɰ ɫɨɫɬɚɜɥɹɟɬ 20–25 ɦɤɦ, ɟɟ 
ɜɵɯɨɞ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɮɨɪɦɢɪɭɟɬ ɦɟɫɬɧɨɟ ɜɫɩɭɱɢɜɚɧɢɟ ɪɟɥɶɟɮɚ ɩɪɨɛɵ. 
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Ɋɢɫ. 6. ȼɧɟɲɧɢɣ ɜɢɞ ɩɪɨɛ ɧɚ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɫɩɥɚɜɥɟɧɢɹ: ɚ – ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɚɹ;  

ɛ – ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɚɹ 

 
Ɋɢɫ. 7. ȼɧɟɲɧɢɣ ɜɢɞ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɛɵ ɧɚ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɫɩɥɚɜɥɟɧɢɹ ɩɪɢɩɨɹ ȼɉɪ50 (ɚ)  

ɢ ɭɜɟɥɢɱɟɧɧɵɣ ɮɪɚɝɦɟɧɬ ɫ ɤɭɛɨɢɞɧɵɦɢ ɜɤɥɸɱɟɧɢɹɦɢ (ɛ) (ɊɗɆ) 
 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɜɤɥɸɱɟɧɢɣ ɦɟɬɨɞɨɦ ɆɊɋȺ (ɬɚɛɥ. 2) ɛɟɡ ɞɨ-

ɩɨɥɧɢɬɟɥɶɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɨɛɪɚɡɰɨɜ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɤɭɛɨɢɞɧɵɟ ɱɚɫɬɢɰɵ ɫɨɞɟɪɠɚɬ ɩɪɟ-
ɢɦɭɳɟɫɬɜɟɧɧɨ ɯɪɨɦ ɢ ɦɨɥɢɛɞɟɧ. Ɉɛɧɚɪɭɠɟɧɧɵɟ ɫɩɟɤɬɪɵ ɤɨɛɚɥɶɬɚ, ɠɟɥɟɡɚ, ɤɪɟɦɧɢɹ, 
ɧɢɨɛɢɹ ɹɜɥɹɸɬɫɹ, ɜɟɪɨɹɬɧɨ, ɮɨɧɨɜɵɦɢ ɢɥɢ ɪɟɡɭɥɶɬɚɬɨɦ ɚɧɚɥɢɡɚ ɧɟɩɨɞɝɨɬɨɜɥɟɧɧɨɣ  
ɩɨɜɟɪɯɧɨɫɬɢ ɜɤɥɸɱɟɧɢɣ, ɜɨɡɦɨɠɧɨ ɫɨɞɟɪɠɚɳɟɣ ɫɥɟɞɵ ɩɪɢɩɨɹ. 

 
Ɍɚɛɥɢɰɚ 2 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɭɱɚɫɬɤɨɜ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɛɵ ɩɪɢɩɨɹ ȼɉɪ50 
ɍɱɚɫɬɨɤ ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ)/% (ɚɬɨɦɧ.) 

Ni Cr Mo Si Fe Co Al Nb 
ɋɩɟɤɬɪ 7 3,80 

4,75 
36,20 
51,10 

56,10 
42,92 

– – – 0,50 
1,22 

– 

ɋɩɟɤɬɪ 8 5,50 
6,31 

40,1 
52,0 

48,8 
34,3 

– 3,00 
3,62 

2,1 
2,4 

0,60 
1,34 

– 

ɋɩɟɤɬɪ 9 4,50 
5,75 

31,90 
46,08 

56,60 
44,31 

0,40 
1,06 

– – 0,4 
1,0 

2,20 
1,78 

ɋɩɟɤɬɪ 10 50,00 
44,92 

16,20 
16,42 

1,90 
1,04 

8,40 
15,77 

15,00 
14,16 

7,40 
6,62 

1,00 
1,06 

– 

ɋɩɟɤɬɪ 11 47,70 
43,97 

8,40 
8,74 

4,50 
2,54 

13,6 
26,2 

5,20 
5,03 

4,9 
4,5 

0,60 
1,08 

13,6 
7,92 
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ɂɫɫɥɟɞɨɜɚɧɢɟ ɥɢɬɨɝɨ ɨɛɪɚɡɰɚ (ɲɥɢɮɚ) ɩɪɢɩɨɹ ɩɨɤɚɡɚɥɨ ɧɚɥɢɱɢɟ ɞɜɭɯ ɬɢɩɨɜ ɱɚ-
ɫɬɢɰ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɦ ɤɨɧɬɪɚɫɬɨɦ (ɪɢɫ. 8). Ⱥɧɚɥɢɡ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚ-
ɜɚ ɦɟɬɨɞɨɦ ɆɊɋȺ ɩɨɤɚɡɚɥ, ɱɬɨ «ɫɜɟɬɥɵɟ» ɢ «ɬɟɦɧɵɟ» ɱɚɫɬɢɰɵ ɤɭɛɢɱɟɫɤɨɣ ɢ ɧɟɩɪɚ-
ɜɢɥɶɧɨɣ ɮɨɪɦɵ ɫɨɞɟɪɠɚɬ ɜ ɨɫɧɨɜɧɨɦ ɯɪɨɦ ɢ ɦɨɥɢɛɞɟɧ. Ʉɨɧɬɪɚɫɬ ɨɛɭɫɥɨɜɥɟɧ ɪɚɡɥɢɱ-
ɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ (ɬɚɛɥ. 3). ȼ «ɬɟɦɧɵɯ» ɱɚɫɬɢɰɚɯ ɫɨɨɬɧɨɲɟɧɢɟ ɯɪɨɦɚ 
ɢ ɦɨɥɢɛɞɟɧɚ (ɩɨ ɚɬɨɦɧɵɦ ɩɪɨɰɟɧɬɚɦ) ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 1,5:1, ɚ ɜ «ɫɜɟɬɥɵɯ» – 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ 6:1. Ɉɛɚ ɬɢɩɚ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɱɚɫɬɢɰ ɫɨɞɟɪɠɚɬ ɧɟɛɨɥɶɲɢɟ ɤɨɥɢɱɟɫɬɜɚ 
ɧɢɤɟɥɹ ɢ ɤɨɛɚɥɶɬɚ. ɉɟɪɟɦɟɧɧɵɣ ɫɨɫɬɚɜ ɱɚɫɬɢɰ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨɛ ɢɯ ɛɥɢɡɨɫɬɢ 
ɩɨ ɬɢɩɭ ɮɚɡɚɦ Ɏɪɚɧɤɚ–Ʉɚɫɩɟɪɚ, ɨɞɧɚɤɨ ɢɡɜɟɫɬɧɵɟ Ɍɉɍ-ɮɚɡɵ ɫɨɞɟɪɠɚɬ ɡɧɚɱɢɬɟɥɶɧɵɟ 
ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɦɟɧɬɨɜ ɨɫɧɨɜɵ (ɧɢɤɟɥɶ, ɤɨɛɚɥɶɬ, ɠɟɥɟɡɨ). ȼ ɪɚɛɨɬɟ Д14Ж ɩɨɤɚɡɚɧɨ, ɱɬɨ 
Ɍɉɍ-ɮɚɡɵ ɨɛɵɱɧɨ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɞɜɨɣɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ɤɨɦɩɨ-
ɧɟɧɬɨɜ A ɢ ȼ – ɨɬ ɷɤɜɢɚɬɨɦɧɨɝɨ (σ-ɮɚɡɚ) ɞɨ 1:2 (ɮɚɡɚ Ʌɚɜɟɫɚ). ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɛɨɬɨɣ 
Д15Ж ɯɪɨɦ ɢ ɦɨɥɢɛɞɟɧ ɦɨɝɭɬ ɡɚɧɢɦɚɬɶ ɜ Ɍɉɍ-ɮɚɡɚɯ ɩɨɡɢɰɢɢ ɬɨɥɶɤɨ ɤɨɦɩɨɧɟɧɬɚ Ⱥ, ɚ 
ɧɢɤɟɥɶ, ɤɨɛɚɥɶɬ ɢ ɠɟɥɟɡɨ – ɬɨɥɶɤɨ ɤɨɦɩɨɧɟɧɬɚ ȼ. ɉɨɥɭɱɟɧɧɵɟ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɝɨ ɢɫɫɥɟ-
ɞɨɜɚɧɢɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɮɚɡɚɯ (A90ȼ10 ɢ Ⱥ96ȼ4) ɧɟ ɩɨɡ-
ɜɨɥɹɸɬ ɨɬɧɟɫɬɢ ɢɯ ɧɢ ɤ ɨɞɧɨɦɭ ɢɡɜɟɫɬɧɨɦɭ ɬɢɩɭ. Ʉɪɨɦɟ ɬɨɝɨ, ɦɚɥɵɟ ɫɨɞɟɪɠɚɧɢɹ ɧɢɤɟ-
ɥɹ ɢ ɤɨɛɚɥɶɬɚ ɩɨɡɜɨɥɹɸɬ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɫɬɟɩɟɧɶɸ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɝɨɜɨɪɢɬɶ ɨ ɧɢɯ ɤɚɤ ɨ 
ɩɪɢɦɟɫɧɵɯ ɷɥɟɦɟɧɬɚɯ, ɚ ɨɛ ɨɛɧɚɪɭɠɟɧɧɨɣ ɮɚɡɟ – ɤɚɤ ɨ ɛɢɧɚɪɧɨɦ ɫɨɟɞɢɧɟɧɢɢ. 

 

 
Ɋɢɫ. 8. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɮɪɚɝɦɟɧɬɚ ɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɩɪɢɩɨɹ ȼɉɪ50 

 
Ɍɚɛɥɢɰɚ 3 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɭɱɚɫɬɤɨɜ ɲɥɢɮɚ ɥɢɬɨɝɨ ɮɪɚɝɦɟɧɬɚ ɩɪɢɩɨɹ ȼɉɪ50 
ɍɱɚɫɬɨɤ ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ)/% (ɚɬɨɦɧ.) 

Ni Cr Mo Si Fe Co ɋ 
ɋɩɟɤɬɪ 17 3,80 

5,94 
15,90 
28,06 

1,50 
1,43 

4,60 
15,03 

4,2 
6,9 

10,20 
15,88 

3,50 
26,74 

ɋɩɟɤɬɪ 18 2,60 
2,57 

74,00 
82,55 

21,20 
12,81 

– – 2,10 
2,07 

– 

ɋɩɟɤɬɪ 19 6,20 
7,16 

42,70 
55,63 

48,3 
34,1 

– – 2,7 
3,1 

– 

 
Ɇɟɬɨɞɨɦ ɉɗɆ ɬɚɤɠɟ ɜɵɹɜɥɟɧɵ ɱɚɫɬɢɰɵ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɯɪɨɦɚ ɢ ɦɨ-

ɥɢɛɞɟɧɚ, ɩɨ ɮɨɪɦɟ ɛɥɢɡɤɢɟ ɤ ɤɭɛɨɢɞɧɨɣ, ɨɞɧɚɤɨ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɦɟɥɤɢɟ: ɪɚɡɦɟɪ ɢɫ-
ɫɥɟɞɨɜɚɧɧɵɯ ɱɚɫɬɢɰ ɫɨɫɬɚɜɢɥ 1,5–2 ɦɤɦ (ɪɢɫ. 9). Ⱦɚɧɧɵɟ ɱɚɫɬɢɰɵ ɢɦɟɸɬ ɨɞɧɨɪɨɞɧɵɣ 
ɫɨɫɬɚɜ, ɧɟ ɫɨɞɟɪɠɚɬ ɧɢɤɟɥɹ (ɩɪɢɫɭɬɫɬɜɭɟɬ ɧɚ ɭɪɨɜɧɟ ɫɥɟɞɨɜ), ɚ ɫɨɨɬɧɨɲɟɧɢɟ ɯɪɨɦɚ ɢ 
ɦɨɥɢɛɞɟɧɚ ɜ ɧɢɯ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 2:1 ɜ % (ɚɬɦɨɧ.). ȼɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɠɟ-
ɥɟɡɚ ɜ ɫɩɟɤɬɪɟ ɢɫɫɥɟɞɨɜɚɧɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɨɛɴɹɫɧɹɟɬɫɹ ɫɩɨɫɨɛɨɦ ɩɨɞɝɨɬɨɜɤɢ ɨɛɪɚɡɰɚ: 
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ɬɪɚɜɥɟɧɢɟ ɩɪɨɛɵ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɮɨɥɶɝɢ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɫɨ ɫɬɨɪɨɧɵ ɩɨɞɥɨɠɤɢ 
(12ɏ18ɇ10Ɍ), ɨɫɬɚɬɨɱɧɚɹ ɩɥɟɧɤɚ ɤɨɬɨɪɨɣ ɢ ɞɚɟɬ ɮɨɧ ɠɟɥɟɡɚ ɜ ɫɩɟɤɬɪɟ. ɇɚɥɢɱɢɟ ɡɧɚɱɢ-
ɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɪɢɦɟɫɟɣ ɧɟ ɩɨɡɜɨɥɹɟɬ ɬɨɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨ-
ɫɬɚɜ ɜɵɹɜɥɟɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɨɞɧɚɤɨ, ɫ ɛɨɥɶɲɨɣ ɞɨɥɟɣ ɜɟɪɨɹɬɧɨɫɬɢ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ 
ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɷɬɨ ɛɢɧɚɪɧɵɣ ɢɧɬɟɪɦɟɬɚɥɥɢɞ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ ɜɯɨɞɹɬ ɯɪɨɦ ɢ ɦɨɥɢɛ-
ɞɟɧ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɢɚɝɪɚɦɦɨɣ ɫɨɫɬɨɹɧɢɹ ɯɪɨɦ ɢ ɦɨɥɢɛɞɟɧ ɨɛɪɚɡɭɸɬ ɧɟɩɪɟɪɵɜɧɵɣ 
ɪɹɞ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ. Ɉɞɧɚɤɨ ɜ ɪɚɛɨɬɟ Д16Ж ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɨɛ ɨɛɧɚɪɭɠɟɧɢɢ ɮɚɡ ɫ 
ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ (20–55% (ɚɬɨɦɧ.) Ɇɨ) ɢ ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ (35–50% (ɚɬɨɦɧ.) Ɇɨ) ɫɬɪɭɤɬɭ-
ɪɚɦɢ, ɚ ɬɚɤɠɟ ɭɤɚɡɚɧɨ, ɱɬɨ ɬɚɤɢɟ ɮɚɡɵ ɧɢɤɨɝɞɚ ɧɟ ɜɫɬɪɟɱɚɸɬɫɹ ɜ ɥɢɬɵɯ ɫɩɥɚɜɚɯ. ȼɵɫɤɚ-
ɡɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɜɥɢɹɧɢɢ ɧɚ ɢɯ ɩɨɹɜɥɟɧɢɟ ɡɚɝɪɹɡɧɟɧɢɣ ɩɪɢɦɟɫɹɦɢ ɜɧɟɞɪɟɧɢɹ – ɜ 
ɱɚɫɬɧɨɫɬɢ, ɤɢɫɥɨɪɨɞɨɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɹɜɥɟɧɢɟ ɞɚɧɧɵɯ ɮɚɡ ɦɨɠɧɨ ɫɜɹɡɚɬɶ ɫ ɩɪɢɦɟ-
ɧɟɧɢɟɦ ɩɪɢ ɜɵɩɥɚɜɤɟ ɯɪɨɦɚ ɦɚɪɤɢ ɏ99ɇ4, ɜ ɤɨɬɨɪɨɣ ɧɟ ɧɨɪɦɢɪɭɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫ-
ɥɨɪɨɞɚ: ɮɚɤɬɢɱɟɫɤɨɟ ɫɨɞɟɪɠɚɧɢɟ 0,09–0,19% (ɩɨ ɦɚɫɫɟ) ɭ ɦɚɪɤɢ ɏ99ɇ4 ɩɪɨɬɢɜ 0,003% 
(ɩɨ ɦɚɫɫɟ) ɭ ɦɚɪɤɢ ɗɊɏ. 

 

 
Ɋɢɫ. 9. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɤɚɩɥɢ ɩɪɢɩɨɹ ȼɉɪ50 ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɩɨ ɥɢɧɢɢ (ɉɗɆ) 

 
ɉɨɥɭɱɟɧɧɵɣ ɩɨɪɨɲɨɤ ɩɪɢɩɨɹ ȼɉɪ50 ɫ ɤɭɛɨɢɞɧɵɦɢ ɜɤɥɸɱɟɧɢɹɦɢ ɩɨɞɜɟɪɝɚɥɢ 

ɩɟɪɟɩɥɚɜɭ ɫ ɩɟɪɟɝɪɟɜɨɦ ɪɚɫɩɥɚɜɚ 1550ޓɋ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɮɪɚɝɦɟɧɬɨɜ 
ɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ, ɜɡɹɬɵɯ ɢɡ ɞɨɧɧɨɣ ɢ ɩɪɢɛɵɥɶɧɨɣ ɱɚɫɬɟɣ, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ, ɩɨɦɢɦɨ ɷɜ-
ɬɟɤɬɢɤ ɢ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ, ɜ ɫɬɪɭɤɬɭɪɟ ɩɪɢɩɨɹ ɩɨɫɥɟ ɩɟɪɟɩɥɚɜɚ ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɭɸɬ 
ɱɚɫɬɢɰɵ ɤɭɛɨɢɞɧɨɣ ɦɨɪɮɨɥɨɝɢɢ ɤɚɤ ɨɬɞɟɥɶɧɨ, ɬɚɤ ɢ ɜɢɞɟ ɚɝɥɨɦɟɪɚɬɨɜ (ɪɢɫ. 10). ɂɫɫɥɟ-
ɞɨɜɚɧɢɟ ɤɚɪɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɱɚɫɬɢɰɵ ɤɭɛɨɢɞɧɨɣ ɢ ɧɟɩɪɚ-
ɜɢɥɶɧɨɣ ɮɨɪɦɵ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɨɞɟɪɠɚɬ ɯɪɨɦ ɢ ɦɨɥɢɛɞɟɧ. ȼɵɪɚɠɟɧɧɨɝɨ ɤɨɧɬɪɚɫɬɚ 
ɩɨ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɪɚɡɧɨɣ ɦɨɪɮɨɥɨɝɢɢ ɧɟ ɧɚɛɥɸɞɚɟɬ-
ɫɹ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɧɚ ɫɚɦɨɦ ɢɡɨɛɪɚɠɟɧɢɢ ɫɬɪɭɤɬɭɪɵ ɱɚɫɬɢɰɵ ɧɟɩɪɚɜɢɥɶɧɨɣ ɦɨɪɮɨɥɨɝɢɢ 
ɹɜɧɨ ɬɟɦɧɟɟ ɤɭɛɨɢɞɧɵɯ. ɇɢɤɟɥɶ ɢ ɤɨɛɚɥɶɬ ɜ ɫɨɫɬɚɜ ɱɚɫɬɢɰ ɧɟ ɜɯɨɞɹɬ. ɇɢɨɛɢɣ ɫɨɫɪɟɞɨ-
ɬɨɱɟɧ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɷɜɬɟɤɬɢɱɟɫɤɢɯ ɮɪɚɝɦɟɧɬɚɯ. Ʉɪɟɦɧɢɣ ɠɟ, ɧɟɫɦɨɬɪɹ ɧɚ ɫɬɨɥɶ 
ɜɵɫɨɤɨɟ ɟɝɨ ɫɨɞɟɪɠɚɧɢɟ ɜ ɫɩɥɚɜɟ, ɫɭɳɟɫɬɜɟɧɧɨɣ ɪɨɥɢ ɜ ɮɚɡɨɨɛɪɚɡɨɜɧɢɢ ɧɟ ɢɝɪɚɟɬ ɢ ɫɨ-
ɫɪɟɞɨɬɨɱɟɧ ɜ ɨɫɧɨɜɧɨɦ ɜ ɫɥɚɛɨ ɪɚɡɥɢɱɢɦɵɯ ɷɜɬɟɤɬɢɱɟɫɤɢɯ ɮɪɚɝɦɟɧɬɚɯ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ 
ɫ ɞɚɧɧɵɦɢ ɪɚɛɨɬɵ Д17Ж, ɩɨɥɭɱɟɧɧɵɦɢ ɞɥɹ ɛɥɢɡɤɨɝɨ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɤɪɟɦɧɢɹ ɫɩɥɚɜɚ. 
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Ɋɢɫ. 10. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɢ ɤɚɪɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɮɪɚɝɦɟɧɬɚ ɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ  

ɩɪɢɩɨɹ ȼɉɪ50 
 

ɉɨɫɥɟ ɩɟɪɟɩɥɚɜɚ ɫ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɜɵɞɟɪɠɤɨɣ ɩɪɨɜɟɞɟɧɚ ɩɚɣɤɚ ɩɪɨɛɵ ɧɚ 
ɪɚɫɬɟɤɚɟɦɨɫɬɶ, ɞɥɹ ɤɨɬɨɪɨɣ ɮɪɚɝɦɟɧɬɵ ɩɪɢɩɨɹ ɨɬɛɢɪɚɥɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɥɢɬɨɣ ɡɚ-
ɝɨɬɨɜɤɢ. ɇɚ ɪɢɫ. 11 ɩɪɢɜɟɞɟɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɢ ɤɚɪɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɪɢ-
ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɱɚɫɬɢ ɤɚɩɥɢ ɩɪɢɩɨɹ. ȼ ɫɬɪɭɤɬɭɪɟ ɤɚɩɥɢ ɩɪɢɩɨɹ ɩɪɢɫɭɬɫɬɜɭɸɬ ɷɜɬɟɤɬɢ-
ɱɟɫɤɢɟ ɮɪɚɝɦɟɧɬɵ ɪɚɡɜɢɬɨɣ ɮɨɪɦɵ ɬɢɩɚ «ɤɢɬɚɣɫɤɢɣ ɲɪɢɮɬ», ɱɚɫɬɢɰɵ ɧɟɩɪɚɜɢɥɶɧɨɣ 
(«ɬɟɦɧɵɟ») ɢ ɤɭɛɨɢɞɧɨɣ («ɫɜɟɬɥɵɟ») ɮɨɪɦɵ. Ʉɨɦɩɨɡɢɰɢɨɧɧɵɣ ɤɨɧɬɪɚɫɬ ɦɟɠɞɭ ɱɚɫɬɢ-
ɰɚɦɢ ɨɛɭɫɥɨɜɥɟɧ ɪɚɡɥɢɱɢɟɦ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɚɧɚɥɢɡɨɦ ɤɚɪɬ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ. Ɍɟɦɧɵɟ ɱɚɫɬɢɰɵ ɫɨɞɟɪɠɚɬ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɯɪɨɦɚ, ɫɜɟɬ-
ɥɵɟ – ɛɨɥɶɲɟ ɦɨɥɢɛɞɟɧɚ. Ʉɭɛɨɢɞɧɵɟ ɱɚɫɬɢɰɵ ɛɨɥɟɟ ɤɪɭɩɧɵɟ – ɜ ɩɨɩɟɪɟɱɧɢɤɟ з20 ɦɤɦ. 
ɋɥɚɛɵɣ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɤɨɧɬɪɚɫɬ ɢ ɧɚɥɢɱɢɟ ɨɬɞɟɥɶɧɵɯ ɧɟɫɩɥɨɲɧɨɫɬɟɣ ɜɧɭɬɪɢ ɧɚɢɛɨ-
ɥɟɟ ɤɪɭɩɧɵɯ ɤɭɛɨɢɞɧɵɯ ɱɚɫɬɢɰ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨɛ ɢɯ ɫɨɫɬɚɜɧɨɣ ɩɪɢɪɨɞɟ: ɱɚɫɬɢɰɵ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɚɝɥɨɦɟɪɚɬɵ.  

Ⱦɚɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɚɹɧɵɯ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɩɟɪɟɩɥɚɜɚ ɢɫɯɨɞɧɨɝɨ ɩɨɪɨɲɤɚ ɩɨ-
ɤɚɡɵɜɚɸɬ, ɱɬɨ ɞɚɠɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɟɪɟɝɪɟɜ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɪɚɫɤɢɫɥɟɧɢɟ 
ɪɚɫɩɥɚɜɚ ɧɟ ɜɥɢɹɸɬ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɢ ɪɚɡɦɟɪ ɨɛɪɚɡɭɸɳɢɯɫɹ ɤɭɛɨɢɞɧɵɯ ɱɚɫɬɢɰ. Ɋɚɫɬɟɤɚ-
ɟɦɨɫɬɶ ɬɚɤɨɝɨ ɩɪɢɩɨɹ ɩɨ-ɩɪɟɠɧɟɦɭ ɨɫɬɚɟɬɫɹ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɪɟɧɬɝɟɧɨɝɪɚɦɦɵ (ɪɢɫ. 12) ɤɚɩɥɢ ɩɪɢɩɨɹ ɩɨɤɚɡɚɥɨ – ɩɨɦɢɦɨ ɢɡ-
ɜɟɫɬɧɵɯ ɯɪɨɦɫɨɞɟɪɠɚɳɢɯ ɮɚɡ, ɜɯɨɞɹɳɢɯ, ɜɟɪɨɹɬɧɨ, ɜ ɫɨɫɬɚɜ ɷɜɬɟɤɬɢɤ, – ɧɚɥɢɱɢɟ ɩɢɤɨɜ, 
ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɤɨɬɨɪɵɟ ɩɨ ɛɚɡɟ PDF-2014 (Powder diffraction file) ɧɟ ɭɞɚɥɨɫɶ (ɭɤɚ-
ɡɚɧɵ ɫɬɪɟɥɤɚɦɢ). ɉɚɪɚɦɟɬɪ ɪɟɲɟɬɤɢ ɪɚɫɫɱɢɬɚɬɶ ɬɚɤɠɟ ɧɟɜɨɡɦɨɠɧɨ, ɩɨɫɤɨɥɶɤɭ ɧɟɥɶɡɹ ɫ 
ɭɜɟɪɟɧɧɨɫɬɶɸ ɨɩɪɟɞɟɥɢɬɶ – ɨɬɧɨɫɹɬɫɹ ɨɬɦɟɱɟɧɧɵɟ ɩɢɤɢ ɤ ɨɞɧɨɣ ɢɥɢ ɞɜɭɦ ɮɚɡɚɦ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɤɚɩɥɢ ɷɬɚɥɨɧɧɨɝɨ ɩɪɢɩɨɹ, ɜɵɩɥɚɜɥɟɧɧɨɝɨ ɧɚ ɨɫɨɛɨ ɱɢ-
ɫɬɵɯ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɚɯ ɜ ɥɚɛɨɪɚɬɨɪɧɨɣ ɞɭɝɨɜɨɣ ɩɟɱɢ (ɪɢɫ. 13), ɩɨɤɚɡɚɥɨ ɨɬɫɭɬɫɬɜɢɟ 
ɜɵɪɚɠɟɧɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ ɤɭɛɨɢɞɧɨɣ ɢɥɢ ɢɧɨɣ ɩɨɞɨɛɧɨɣ ɦɨɪɮɨɥɨɝɢɢ. ȼ ɫɬɪɭɤɬɭɪɟ 
ɩɪɢɫɭɬɫɬɜɭɸɬ ɨɛɥɚɫɬɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɣ ɮɨɪɦɵ, ɜɵɹɜɥɹɟɦɵɟ ɜɫɥɟɞɫɬɜɢɟ ɤɨɦɩɨɡɢɰɢɨɧ-
ɧɨɝɨ ɤɨɧɬɪɚɫɬɚ. 
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Ɋɢɫ. 11. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɢ ɤɚɪɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɤɚɩɥɢ ɩɪɢɩɨɹ ȼɉɪ50 ɩɨɫɥɟ  

ɩɟɪɟɩɥɚɜɚ ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɜɵɞɟɪɠɤɢ ɪɚɫɩɥɚɜɚ 
 

 
Ɋɢɫ. 12. Ɋɟɧɬɝɟɧɨɝɪɚɦɦɚ ɤɚɩɥɢ ɩɪɢɩɨɹ ȼɉɪ50, ɜɵɩɥɚɜɥɟɧɧɨɝɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɯɪɨɦɚ  

ɦɚɪɤɢ ɏ99ɇ4 

 
Ɋɢɫ. 13. ɋɬɪɭɤɬɭɪɚ ɢ ɤɚɪɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɤɚɩɥɢ ɷɬɚɥɨɧɧɨɝɨ ɩɪɢɩɨɹ ȼɉɪ50,  

ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɨɫɨɛɨ ɱɢɫɬɵɯ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɚɯ ɜ ɥɚɛɨɪɚɬɨɪɧɨɣ ɞɭɝɨɜɨɣ ɩɟɱɢ 
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ɂɫɫɥɟɞɨɜɚɧɢɟ ɤɚɪɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɷɬɢɯ ɨɛɥɚɫɬɹɯ 
ɧɚɛɥɸɞɚɸɬɫɹ ɩɨɜɵɲɟɧɧɵɟ ɫɨɞɟɪɠɚɧɢɹ ɯɪɨɦɚ ɢ ɦɨɥɢɛɞɟɧɚ, ɜ ɰɟɥɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɜɵɹɜɥɟɧɧɵɦ ɜ ɩɪɢɩɨɟ, ɜɵɩɥɚɜɥɟɧɧɨɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɯɪɨɦɚ ɦɚɪɤɢ ɏ99ɇ4. Ɉɞɧɚɤɨ 
ɝɨɜɨɪɢɬɶ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɨɛ ɨɛɪɚɡɨɜɚɧɢɢ ɮɚɡ(ɵ) ɧɟ ɩɪɢɯɨɞɢɬɫɹ. ɇɚɛɥɸɞɚɸɬɫɹ ɥɢɲɶ 
ɥɨɤɚɥɶɧɵɟ ɫɟɝɪɟɝɚɰɢɢ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ. Ɉɞɧɨɪɨɞɧɨɫɬɶ ɫɨɫɬɚɜɚ ɷɬɢɯ ɫɟɝɪɟɝɚɰɢɣ, ɢɯ ɪɚɫ-
ɩɨɥɨɠɟɧɢɟ ɩɨ ɜɫɟɦɭ ɢɫɫɥɟɞɨɜɚɧɧɨɦɭ ɨɛɴɟɦɭ ɤɚɩɥɢ ɩɪɢɩɨɹ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 
ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɭɫɬɨɣɱɢɜɵɯ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ ɮɥɭɤɬɭɚɰɢɣ, ɤɨɝɟɪɟɧɬɧɨ ɫɜɹɡɚɧɧɵɯ  
ɫ ɦɚɬɪɢɰɟɣ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ȼ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧ ɤɨɧɬɪɨɥɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɛɨɪɫɨɞɟɪɠɚɳɢɯ 
ɩɪɢɩɨɟɜ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɪɟɦɧɢɹ: ȼɉɪ27 ɢ ȼɉɪ50 – ɜ ɥɢɬɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɧɚ 
ɩɨɪɨɲɤɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɝɚɡɨɜɵɦ ɪɚɫɩɵɥɟɧɢɟɦ. ɂɫɫɥɟɞɨɜɚɧɵ ɫɬɪɭɤɬɭɪɵ ɢ ɮɚɡɨɜɵɣ  
ɫɨɫɬɚɜ ɦɚɬɟɪɢɚɥɚ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɯ ɩɪɨɛ ɧɚ ɪɚɫɬɟɤɚɟɦɨɫɬɶ ɢ ɪɚɜɧɨɦɟɪɧɨɫɬɶ 
ɫɩɥɚɜɥɟɧɢɹ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɪɚɫɬɟɤɚɟɦɨɫɬɢ 
ɩɪɢɩɨɹ ȼɉɪ27 ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɜ ɫɬɪɭɤɬɭɪɟ ɫɢɥɢɰɢɞɨɜ ɬɢɩɚ (WMo)5Si3, ɨɛɪɚɡɭɸɳɢɯ 
ɩɪɢ ɨɫɚɞɤɟ ɧɚɜɟɫɤɢ ɫɩɥɨɲɧɨɣ ɤɚɪɤɚɫ ɢɡ ɱɚɫɬɢɰ ɩɥɚɫɬɢɧɱɚɬɨɣ ɢ ɬɪɚɩɟɰɟɢɞɚɥɶɧɨɣ ɮɨɪ-
ɦɵ, ɚɧɚɥɨɝɢɱɧɨ ɩɪɨɰɟɫɫɭ ɤɨɦɩɨɡɢɰɢɨɧɧɨɣ ɩɚɣɤɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɝɪɚɧɭɥ-ɧɚɩɨɥɧɢɬɟɥɟɣ. 
ȼ ɩɪɢɩɨɹɯ, ɨɛɥɚɞɚɸɳɢɯ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɪɚɫɬɟɤɚɟɦɨɫɬɶɸ, ɬɚɤɠɟ ɜɵɹɜɥɟɧɵ ɱɚɫɬɢ-
ɰɵ ɫɢɥɢɰɢɞɨɜ ɬɢɩɚ Me5Si3, ɧɨ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɦɟɧɶɲɟɝɨ ɪɚɡɦɟɪɚ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ 
ɨɛɳɟɣ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɫɢɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ ɩɪɢɩɨɹ ȼɉɪ27. Ɏɚɤɬɨɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ 
ɪɚɡɦɟɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɱɚɫɬɢɰ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɪɚɫɬɟɤɚɟɦɨɫɬɶ ɩɨɥɭɱɚɟɦɨɝɨ ɩɪɢɩɨɹ, 
ɨɩɪɟɞɟɥɢɬɶ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟ ɭɞɚɥɨɫɶ. 

Ⱥɧɚɥɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɧɚɭɱɧɵɯ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɩɨ 
ɢɫɫɥɟɞɨɜɚɧɢɸ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɯ ɩɪɨɛ ɧɚ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɫɩɥɚɜɥɟɧɢɹ ɩɪɢɩɨɹ 
ȼɉɪ50 ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ. ȼ ɦɟɬɚɥɥɟ ɜɚɤɭɭɦɧɨɣ ɜɵɩɥɚɜɤɢ ɫ ɩɪɢɦɟ-
ɧɟɧɢɟɦ ɯɪɨɦɚ ɦɚɪɤɢ ɏ99ɇ4 ɭɫɬɚɧɨɜɥɟɧɨ ɧɚɥɢɱɢɟ ɮɚɡ ɧɚ ɨɫɧɨɜɟ ɯɪɨɦɚ ɢ ɦɨɥɢɛɞɟɧɚ ɤɭ-
ɛɨɢɞɧɨɣ ɢɥɢ ɩɨɞɨɛɧɨɣ ɦɨɪɮɨɥɨɝɢɢ ɫ ɱɟɬɤɨɣ ɨɝɪɚɧɤɨɣ, ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɤɨɬɨ-
ɪɵɯ ɩɪɨɬɢɜɨɪɟɱɢɬ ɞɜɨɣɧɨɣ ɞɢɚɝɪɚɦɦɟ ɫɨɫɬɨɹɧɢɹ «ɯɪɨɦ–ɦɨɥɢɛɞɟɧ». ɍɫɬɚɧɨɜɥɟɧɧɵɣ 
ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɞɚɧɧɵɯ ɮɚɡ ɧɟ ɩɨɡɜɨɥɹɟɬ ɨɬɧɟɫɬɢ ɢɯ ɧɢ ɤ ɨɞɧɨɦɭ ɢɡɜɟɫɬɧɨɦɭ ɬɢɩɭ. 
ȼ ɩɪɢɩɨɟ ȼɉɪ50, ɜɵɩɥɚɜɥɟɧɧɨɦ ɧɚ ɨɫɨɛɨ ɱɢɫɬɵɯ ɦɚɬɟɪɢɚɥɚɯ ɜ ɥɚɛɨɪɚɬɨɪɧɨɣ ɞɭɝɨɜɨɣ 
ɩɟɱɢ, ɜɵɹɜɥɟɧɵ ɫɟɝɪɟɝɚɰɢɢ ɯɪɨɦɚ ɢ ɦɨɥɢɛɞɟɧɚ ɩɟɪɟɦɟɧɧɨɝɨ ɫɨɫɬɚɜɚ, ɥɟɝɤɨ ɜɵɹɜɥɹɟɦɵɟ 
ɛɥɚɝɨɞɚɪɹ ɤɨɦɩɨɡɢɰɢɨɧɧɨɦɭ ɤɨɧɬɪɚɫɬɭ. Ɉɛɪɚɡɨɜɚɧɢɟ ɮɚɡ ɧɚ ɨɫɧɨɜɟ ɯɪɨɦɚ ɢ ɦɨɥɢɛɞɟɧɚ, 
ɜɵɹɜɥɟɧɧɵɯ ɜ ɦɟɬɚɥɥɟ ɜɚɤɭɭɦɧɨɣ ɢɧɞɭɤɰɢɨɧɧɨɣ ɜɵɩɥɚɜɤɢ, ɜɟɪɨɹɬɧɨ, ɫɜɹɡɚɧɨ ɫ ɧɚɥɢɱɢ-
ɟɦ ɬɚɤɢɯ ɫɟɝɪɟɝɚɰɢɣ ɢ ɞɟɫɬɚɛɢɥɢɡɚɰɢɟɣ ɫɢɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ ɩɪɢɦɟɫɹɦɢ ɜɧɟɞɪɟɧɢɹ – ɜ 
ɱɚɫɬɧɨɫɬɢ, ɤɢɫɥɨɪɨɞɨɦ, ɜɧɨɫɢɦɵɦ ɫ ɩɪɢɦɟɧɹɟɦɵɦ ɩɪɢ ɜɵɩɥɚɜɤɟ ɯɪɨɦɨɦ ɦɚɪɤɢ ɏ99ɇ4. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɬɦɟɱɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɣ ɪɚɡɥɢɱɧɵɯ (ɤɚɤ ɦɢɧɢɦɭɦ ɞɜɭɯ) ɫɬɟ-
ɯɢɨɦɟɬɪɢɱɟɫɤɢɯ ɫɨɨɬɧɨɲɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɯɪɨɦɚ ɢ ɦɨɥɢɛɞɟɧɚ, ɧɟ ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɥɢɬɨ-
ɝɨ ɦɚɬɟɪɢɚɥɚ. 
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