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ȼɵɩɨɥɧɟɧɨ ɮɪɚɤɬɨɝɪɚɮɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Co–Cr–Ni–W–Ta, 
ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɫɟɥɟɤɬɢɜɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɩɥɚɜɥɟɧɢɹ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɢ ɜɟɪɬɢɤɚɥɶ-
ɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɚɬɮɨɪɦɵ ɩɨɫɬɪɨɟɧɢɹ ɩɨɫɥɟ ɝɨɪɹɱɟɝɨ ɢɡɨɫɬɚɬɢɱɟɫɤɨ-
ɝɨ ɩɪɟɫɫɨɜɚɧɢɹ. ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɜɛɥɢɡɢ ɢɡɥɨɦɨɜ ɜ ɰɟɥɹɯ ɜɵɹɫ-
ɧɟɧɢɹ ɭɪɨɜɧɹ ɩɨɪɢɫɬɨɫɬɢ ɢ ɬɢɩɚ ɪɚɡɪɭɲɟɧɢɹ. ɍɫɬɚɧɨɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɯɚɪɚɤɬɟɪɚ ɪɚɡ-
ɪɭɲɟɧɢɹ ɨɛɪɚɡɰɨɜ ɨɬ ɢɯ ɧɚɩɪɚɜɥɟɧɢɹ ɜɵɪɚɳɢɜɚɧɢɹ. Ⱦɥɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɜɹɡ-
ɤɢɣ ɯɚɪɚɤɬɟɪ ɪɚɡɪɭɲɟɧɢɹ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ. 

Кɥɸɱɟɜыɟ ɫɥɨɜɚ: ɤɨɛɚɥɶɬɨɜɵɣ ɫɩɥɚɜ, ɫɟɥɟɤɬɢɜɧɨɟ ɥɚɡɟɪɧɨɟ ɫɩɥɚɜɥɟɧɢɟ, ɞɥɢɬɟɥɶɧɚɹ 
ɩɪɨɱɧɨɫɬɶ, ɢɡɥɨɦ, ɪɚɡɪɭɲɟɧɢɟ, ɧɚɩɪɚɜɥɟɧɢɟ ɜɵɪɚɳɢɜɚɧɢɹ. 

 
G.G. Aslanyan1, D.I. Sukhov1, P.B. Mazalov1, E.A. Sulyanova1 

 
FRACTOGRAPHIC  STUDY  OF  Co–Cr–Ni–W–Ta 
ALLOY  SAMPLES  OBTAINED  BY  SELECTIVE  LASER MELTING 

 
Fractographic investigation of Co–Cr–Ni–W–Ta alloy samples obtained by selective laser 

melting and having horizontal and vertical orientation on a build platform is performed. The 
samples underwent hot isostatic pressing. The microstructure near the fractures was investigated 
and type of destruction and porosity were determined. The dependence of the samples orienta-
tion on their rupture character is investigated. All samples exhibit viscous rupture during long-
term strength test. 

Keywords: cobalt alloy, selective laser melting, long-term strength, destruction, fracture, 
growth. 

 
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 
ɍɫɩɟɲɧɨɟ ɪɚɡɜɢɬɢɟ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɚɜɢɚɫɬɪɨɟɧɢɹ ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɚɡɪɚɛɨɬɤɭ ɢ 

ɜɧɟɞɪɟɧɢɟ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ Д1–7Ж. ȼɫɟ ɛɨɥɟɟ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ 
ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɨɥɭɱɚɸɬ ɦɟɬɨɞɵ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɨɛɥɚɞɚɸ-
ɳɢɟ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ «ɜɵɱɢɬɚɧɢɹ»: 
ɜɵɫɨɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɢɡɝɨɬɨɜɥɟɧɢɟ ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɣ ɮɨɪɦɵ 
ɡɚ ɨɞɢɧ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɰɢɤɥ, ɭɫɥɨɠɧɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɞɟɬɚɥɟɣ ɛɟɡ ɭɜɟɥɢ-
ɱɟɧɢɹ ɫɬɨɢɦɨɫɬɢ ɢɯ ɩɪɨɢɡɜɨɞɫɬɜɚ Д8–10]. 

ɋɟɥɟɤɬɢɜɧɨɟ ɥɚɡɟɪɧɨɟ ɫɩɥɚɜɥɟɧɢɟ (ɋɅɋ) ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɫɩɨ-
ɫɨɛɨɦ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɣ ɢɡ ɦɟɬɚɥɥɨɩɨɪɨɲɤɨɜɵɯ ɤɨɦɩɨɡɢɰɢɣ Д1Ж. Ɉɞɧɚɤɨ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟ ɦɟɬɨɞɚ ɋɅɋ ɞɥɹ ɪɹɞɚ ɠɚɪɨɩɪɨɱɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ ɨɬ 800 ɞɨ 1100°ɋ, ɜɵɹɜɥɟɧɨ, ɱɬɨ ɜ ɫɬɪɭɤɬɭɪɟ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 
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ɩɨɦɢɦɨ ɩɨɪ ɨɛɪɚɡɭɸɬɫɹ ɦɢɤɪɨɬɪɟɳɢɧɵ, ɮɨɪɦɢɪɭɸɳɢɟ ɫɟɬɤɭ ɫ ɜɵɯɨɞɨɦ ɧɚ ɩɨɜɟɪɯ-
ɧɨɫɬɶ Д11–13Ж. ɗɬɨ ɨɛɵɱɧɨ ɧɟɫɜɚɪɢɜɚɟɦɵɟ ɫɩɥɚɜɵ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ γʹ-ɮɚɡɵ. 
Ɇɢɤɪɨɬɪɟɳɢɧɵ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɭɫɬɪɚɧɟɧɵ ɫ ɩɨɦɨɳɶɸ ɝɨɪɹɱɟɝɨ ɢɡɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɪɟɫɫɨ-
ɜɚɧɢɹ ɢɡ-ɡɚ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɪɚɛɨɱɟɣ ɫɪɟɞɵ (ɚɪɝɨɧɚ) ɜ ɧɢɯ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɞɟɤɨɦɩɪɟɫɫɢɢ 
ɩɪɢ ɩɪɢɥɨɠɟɧɢɢ ɞɚɜɥɟɧɢɹ. Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɬɚɤɢɯ ɞɟɮɟɤɬɨɜ ɫɬɪɭɤɬɭɪɵ ɩɪɢɦɟɧɹɸɬ ɜɚ-
ɤɭɭɦɧɨ-ɬɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ Д13Ж. ȼ ɰɟɥɨɦ ɦɟɯɚɧɢɡɦ ɜɥɢɹɧɢɹ ɦɢɤɪɨɬɪɟɳɢɧ ɧɚ 
ɫɜɨɣɫɬɜɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɨ ɤɨɧɰɚ ɧɟ ɢɡɭɱɟɧ. 

ȼ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɵ ɠɚɪɨɩɪɨɱɧɵɦ ɧɢɤɟɥɟɜɵɦ ɫɩɥɚɜɚɦ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ 
ɚɞɞɢɬɢɜɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɫɢɫɬɟɦɵ Co–Cr, 
ɥɟɝɢɪɨɜɚɧɧɵɟ ɬɭɝɨɩɥɚɜɤɢɦɢ ɷɥɟɦɟɧɬɚɦɢ. Ɉɧɢ ɹɜɥɹɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ 
ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɟɬɚɥɟɣ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ (ȽɌȾ) ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɨɣ 
ɩɪɨɱɧɨɫɬɶɸ, ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ ɢ ɜɵɫɨɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɩɨɥɡɭɱɟɫɬɢ. 

Ʉɨɛɚɥɶɬɨɜɵɟ ɫɩɥɚɜɵ ɨɛɥɚɞɚɸɬ ɩɨɜɵɲɟɧɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɝɨɪɹɱɟɣ ɤɨɪɪɨɡɢɢ 
ɛɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɦɭ ɫɨɞɟɪɠɚɧɢɸ ɯɪɨɦɚ. ȼɟɞɭɳɢɟ ɡɚɪɭɛɟɠɧɵɟ ɤɨɦɩɚɧɢɢ ɚɤɬɢɜɧɨ ɩɪɢ-
ɦɟɧɹɸɬ ɤɨɛɚɥɶɬɨɜɵɟ ɫɩɥɚɜɵ ɜ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɹɯ – ɧɚɩɪɢɦɟɪ, ɬɨɩɥɢɜɧɵɟ ɮɨɪ-
ɫɭɧɤɢ ɞɜɢɝɚɬɟɥɹ GE9ɏ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ Co–Cr–Mo ɦɟɬɨɞɨɦ 
ɋɅɋ Д14Ж. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɵ ɨɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɩɟɪɫɩɟɤ-
ɬɢɜɧɵɦ ɞɜɢɝɚɬɟɥɹɦ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɦ ɞɥɹ ɢɫɬɪɟɛɢɬɟɥɟɣ ɩɹɬɨɝɨ ɩɨɤɨɥɟɧɢɹ. Ɉɞɧɢɦ ɢɡ 
ɬɚɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɟɟ: ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɨɩɟɪɚɬɢɜɧɨɫɬɢ ɞɟɣɫɬɜɢɣ ɫɚɦɨ-
ɥɟɬ ɞɨɥɠɟɧ ɢɦɟɬɶ ɫɜɟɪɯɡɜɭɤɨɜɨɣ ɤɪɟɣɫɟɪɫɤɢɣ ɪɟɠɢɦ ɩɨɥɟɬɚ ɩɪɢ ɪɚɛɨɬɟ ɞɜɢɝɚɬɟɥɟɣ ɧɚ 
ɛɟɫɮɨɪɫɚɠɧɨɦ ɪɟɠɢɦɟ, ɬ. ɟ. ɞɜɢɝɚɬɟɥɢ ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɛɨɥɶɲɨɣ ɥɨɛɨɜɨɣ ɬɹɝɨɣ ɧɚ 
ɫɜɟɪɯɡɜɭɤɨɜɨɣ ɫɤɨɪɨɫɬɢ ɛɟɡ ɜɤɥɸɱɟɧɢɹ ɮɨɪɫɚɠɚ, ɚ ɡɧɚɱɢɬ, ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɝɚɡɚ 
ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɠɚɪɨɩɪɨɱɧɵɟ ɤɨɛɚɥɶɬɨɜɵɟ ɫɩɥɚɜɵ ɛɥɚɝɨɞɚɪɹ ɫɜɨɢɦ 
ɭɧɢɤɚɥɶɧɵɦ ɫɜɨɣɫɬɜɚɦ ɩɪɟɞɫɬɚɜɥɹɸɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ ɞɥɹ ɚɜɢɚɞɜɢɝɚɬɟɥɟɫɬɪɨɟ-
ɧɢɹ. Ɉɞɧɚɤɨ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ, ɥɟɝɢ-
ɪɨɜɚɧɧɵɯ ɬɭɝɨɩɥɚɜɤɢɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɫɞɟɪɠɢɜɚɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɢɯ ɷɤɫɩɥɭɚɬɚ-
ɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɢ ɯɚɪɚɤɬɟɪ ɪɚɡɪɭɲɟɧɢɹ 
ɧɟɞɨɫɬɚɬɨɱɧɨ ɢɡɭɱɟɧɵ Д5–10]. 

ɉɪɢ ɪɚɫɱɟɬɚɯ ɧɚ ɩɪɨɱɧɨɫɬɶ ɢ ɩɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɷɥɟɦɟɧɬɨɜ ȽɌȾ ɨɞɧɨɣ ɢɡ 
ɜɚɠɧɟɣɲɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɟɬɫɹ ɞɥɢɬɟɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ. ɉɪɢ ɢɫɩɵɬɚɧɢɹɯ 
ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɨɰɟɧɢɜɚɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶ ɦɟɬɚɥɥɚ ɫɨɩɪɨɬɢɜɥɹɬɶɫɹ ɦɟɯɚɧɢɱɟ-
ɫɤɨɦɭ ɪɚɡɪɭɲɟɧɢɸ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɞɥɢɬɟɥɶɧɨ ɩɪɢɥɨɠɟɧɧɨɣ ɩɨɫɬɨɹɧɧɨɣ ɧɚɝɪɭɡɤɢ. Ɋɚɡ-
ɪɭɲɟɧɢɟ ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɫɨɜɨɤɭɩɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ 
ɫɬɪɭɤɬɭɪɟ ɫɩɥɚɜɚ. Ɉɞɧɢ ɩɪɨɰɟɫɫɵ ɬɪɟɛɭɸɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ, ɞɪɭɝɢɟ – ɤɨɪɨɬɤɨɝɨ ɜɪɟɦɟɧɢ 
ɞɥɹ ɫɜɨɟɝɨ ɪɚɡɜɢɬɢɹ, ɚ ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɨɫɥɚɛɥɹɸɬ ɜɧɟɲɧɢɟ ɝɪɚɧɢɰɵ ɡɟɪɟɧ ɢ ɫɜɹɡɚɧɵ ɫ 
ɯɢɦɢɱɟɫɤɢɦɢ ɢɡɦɟɧɟɧɢɹɦɢ (ɨɤɢɫɥɟɧɢɟ ɦɟɬɚɥɥɚ ɢɥɢ ɨɞɧɨɝɨ ɢɡ ɫɨɫɬɚɜɥɹɸɳɢɯ ɤɨɦɩɨ-
ɧɟɧɬɨɜ ɫɩɥɚɜɚ ɩɨ ɜɧɟɲɧɢɦ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ). Ⱦɨɥɝɨɜɟɱɧɨɫɬɶ ɦɧɨɝɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɨɛɭ-
ɫɥɨɜɥɟɧɚ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɩɪɨɰɟɫɫɨɦ ɩɪɟɜɪɚɳɟɧɢɹ ɢɦɟɸɳɟɝɨɫɹ ɜ ɦɚɬɟɪɢɚɥɟ ɡɚɪɨɞɵɲɚ 
ɬɪɟɳɢɧɵ ɜ ɦɢɤɪɨɬɪɟɳɢɧɭ, ɪɨɫɬ ɤɨɬɨɪɨɣ ɩɪɢɜɨɞɢɬ ɤ ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɩɨɥɨɦɤɟ ɢ ɪɚɡɪɭ-
ɲɟɧɢɸ ɞɟɬɚɥɟɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɤɬɭɚɥɶɧɚ ɡɚɞɚɱɚ ɭɫɬɚɧɨɜɥɟɧɢɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɹɜ-
ɥɟɧɢɣ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ ɩɪɨɰɟɫɫ ɪɚɡɪɭɲɟɧɢɹ. 

ȼɨ ɎȽɍɉ «ȼɂȺɆ» ɪɚɡɪɚɛɨɬɚɧ ɫɩɥɚɜ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ (ɫɢɫɬɟɦɵ Co–Cr–Ni–W–Ta), 
ɨɩɬɢɦɚɥɶɧɵɣ ɤɨɦɩɥɟɤɫ ɫɜɨɣɫɬɜ ɤɨɬɨɪɨɝɨ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɩɨɥɭɱɟɧɢɹ ɫɢɧɬɟɡɢɪɨ-
ɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɟɬɨɞɨɦ ɋɅɋ. ɉɨɫɤɨɥɶɤɭ ɞɚɧɧɵɣ ɫɩɥɚɜ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɢɡɝɨɬɨɜ-
ɥɟɧɢɹ ɞɟɬɚɥɟɣ ȽɌȾ, ɪɚɛɨɬɚɸɳɢɯ ɩɨɞ ɧɚɝɪɭɡɤɨɣ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 1100°ɋ, ɬɨ ɨɫɧɨɜɧɵɟ 
ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɧɟɦɭ, – ɷɬɨ ɜɵɫɨɤɢɣ ɩɪɟɞɟɥ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɢ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɟ ɩɨɥɡɭɱɟɫɬɢ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɢɧɬɟɪɜɚɥɟ 800–1100°ɋ. ɉɪɢ ɢɫ-
ɩɵɬɚɧɢɹɯ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɨɰɟɧɢɜɚɸɬ ɫɩɨɫɨɛɧɨɫɬɶ ɦɟɬɚɥɥɚ ɫɨɩɪɨɬɢɜɥɹɬɶɫɹ 
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ɦɟɯɚɧɢɱɟɫɤɨɦɭ ɪɚɡɪɭɲɟɧɢɸ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɞɥɢɬɟɥɶɧɨ ɩɪɢɥɨɠɟɧɧɨɣ ɩɨɫɬɨɹɧɧɨɣ 
ɧɚɝɪɭɡɤɢ. Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɜɵɹɜɥɟɧɢɟ ɩɪɢɱɢɧ ɪɚɡɪɭɲɟɧɢɹ ɫɢɧɬɟɡɢɪɨɜɚɧ-
ɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɨɛɳɢɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɪɚɡɪɭɲɟɧɢɹ 
ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Co–Cr–Ni–W–Ta ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ, ɚ 
ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɢɟ ɜɥɢɹɧɢɹ ɨɪɢɟɧɬɚɰɢɢ ɨɛɪɚɡɰɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɚɬɮɨɪɦɵ ɩɨɫɬɪɨɟɧɢɹ 
ɩɪɢ ɋɅɋ ɧɚ ɯɚɪɚɤɬɟɪ ɢɯ ɪɚɡɪɭɲɟɧɢɹ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ  
10.4. «Ɍɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɛɢ- ɢ ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɟɫɬɟɫɬɜɟɧɧɨɚɪɦɢɪɨɜɚɧɧɵɯ  
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɦɟɬɨɞɨɦ ɩɪɹɦɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɢɧɬɟɡɚ ɢɡ ɦɟɬɚɥɥɢɱɟɫɤɢɯ  
ɩɨɪɨɲɤɨɜ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟ-
ɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ») Д2Ж. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɥɢ ɨɛɪɚɡɰɵ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ  
Co–Cr–Ni, ɥɟɝɢɪɨɜɚɧɧɵɟ ɬɭɝɨɩɥɚɜɤɢɦɢ ɷɥɟɦɟɧɬɚɦɢ W ɢ Ta. Ɉɫɧɨɜɚ ɦɚɬɟɪɢɚɥɚ ɢɫɫɥɟ-
ɞɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɫɨɞɟɪɠɚɥɚ ωШ ɢ ωr. ɋɨɨɬɧɨɲɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɜɵɛɪɚɧɧɨɣ ɨɫɧɨɜɟ 
ɹɜɥɹɟɬɫɹ ɬɢɩɢɱɧɵɦ ɞɥɹ ɥɢɬɟɣɧɵɯ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ. Ⱦɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɜɵɫɨɤɨɬɟɦ-
ɩɟɪɚɬɭɪɧɨɣ ɚɭɫɬɟɧɢɬɧɨɣ ɫɬɪɭɤɬɭɪɵ ɤɨɛɚɥɶɬɨɜɨɣ ɦɚɬɪɢɰɵ (γ-ɮɚɡɵ) ɫ ɝɪɚɧɟɰɟɧɬɪɢɪɨ-
ɜɚɧɧɨɣ ɤɭɛɢɱɟɫɤɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ ɢ ɩɨɞɚɜɥɟɧɢɹ ɟɟ ɩɪɟɜɪɚɳɟɧɢɹ ɜ ɝɟɤɫɚɝɨ-
ɧɚɥɶɧɭɸ ɫɬɪɭɤɬɭɪɭ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɫɩɥɚɜ ɞɨɛɚɜɥɟɧ ɧɢɤɟɥɶ; ɜ ɫɨɫɬɚɜ ɫɩɥɚɜɚ 
ɬɚɤɠɟ ɜɜɟɞɟɧɵ А ɢ TК. 

ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɯɪɨɦɚ ɜ ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚ ɨɛɪɚɡɭɟɬɫɹ ɡɚɳɢɬɧɚɹ ɨɤɫɢɞɧɚɹ ɩɥɟɧ-
ɤɚ, ɤɨɬɨɪɚɹ ɭɜɟɥɢɱɢɜɚɟɬ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɢ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɫɩɥɚɜɚ. ȼɨɥɶɮɪɚɦ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɩɥɚɜɭ ɬɜɟɪɞɨɪɚɫɬɜɨɪɧɨɟ ɭɩɪɨɱɧɟɧɢɟ. ɋ ɰɟɥɶɸ ɭɥɭɱɲɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɜ ɫɩɥɚɜ ɜɜɟɞɟɧ ɬɚɧɬɚɥ. ɋɨɞɟɪɠɚɧɢɟ ɭɝɥɟɪɨɞɚ ɜɵɛɪɚɧɨ ɦɢɧɢ-
ɦɚɥɶɧɵɦ ɞɥɹ ɥɢɬɟɣɧɵɯ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɤɨɦɩɥɟɤɫɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ, ɯɨɪɨɲɟɣ ɩɥɚɫɬɢɱɧɨɫɬɢ ɢ ɫɜɚɪɢɜɚɟɦɨɫɬɢ. 

ȼɵɩɥɚɜɤɭ ɫɩɥɚɜɚ ɩɪɨɜɨɞɢɥɢ ɜ ɜɚɤɭɭɦɧɨɣ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɟɱɢ ȼɂȺɆ-2002 ɫ ɩɨ-
ɥɭɱɟɧɢɟɦ ɩɪɭɬɤɨɜɵɯ ɲɢɯɬɨɜɵɯ ɡɚɝɨɬɨɜɨɤ ɬɪɟɯ ɫɨɫɬɚɜɨɜ. Ɇɟɬɚɥɥɨɩɨɪɨɲɤɨɜɵɟ ɤɨɦɩɨ-
ɡɢɰɢɢ ɩɨɥɭɱɚɥɢ ɦɟɬɨɞɨɦ ɚɬɨɦɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ ɧɚ ɭɫɬɚɧɨɜɤɟ ALD VIGA 2B (Ƚɟɪɦɚɧɢɹ), 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ ɜɚɤɭɭɦɧɨɣ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɥɚɜɤɢ ɢ ɝɚɡɨɜɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɩɨɪɨɲ-
ɤɨɜ ɦɟɬɚɥɥɨɜ, ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɛɚɡɟ ɇɐ ɉɆ ɉɇɂɉɍ. 

 

 
Ɋɢɫ. 1. Ɇɨɞɟɥɢ ɡɚɝɨɬɨɜɨɤ ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ (ɚ) ɢ ɜɟɪɬɢɤɚɥɶɧɨɣ (ɛ) ɨɪɢɟɧɬɚɰɢɟɣ ɨɬɧɨɫɢɬɟɥɶ-

ɧɨ ɩɥɚɬɮɨɪɦɵ ɩɨɫɬɪɨɟɧɢɹ Д15Ж 
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ɉɨɞɝɨɬɨɜɤɭ 3D-ɦɨɞɟɥɟɣ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟ-
ɧɢɹ Materialise Magics Software. Ɇɨɞɟɥɢ ɡɚɝɨɬɨɜɨɤ ɨɛɪɚɡɰɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1 Д15Ж. 
Ɂɚɝɨɬɨɜɤɢ ɨɛɪɚɡɰɨɜ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ ɋɅɋ ɧɚ ɭɫɬɚɧɨɜɤɟ Concept 
Laser M2 ɋusing ɢɡ ɦɟɬɚɥɥɨɩɨɪɨɲɤɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Co–Cr–Ni–W–Ta ɜ 
ɚɬɦɨɫɮɟɪɟ ɚɡɨɬɚ. Ⱦɥɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɫɨɝɥɚɫɧɨ ȽɈɋɌ 1497–84 ɢɡ-
ɝɨɬɚɜɥɢɜɚɥɢ ɩɨ 3 ɨɛɪɚɡɰɚ ɞɥɹ ɤɚɠɞɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɚɠɞɨɝɨ ɜɢɞɚ ɨɪɢɟɧɬɚɰɢɢ ɨɬɧɨɫɢ-
ɬɟɥɶɧɨ ɩɥɚɬɮɨɪɦɵ ɩɨɫɬɪɨɟɧɢɹ. 

Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɩɨɪɢɫɬɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɩɨɞɜɟɪɝɚɥɢ ɝɨɪɹɱɟɦɭ ɢɡɨɫɬɚɬɢɱɟɫɤɨɦɭ 
ɩɪɟɫɫɨɜɚɧɢɸ Д16Ж ɢ ɨɛɪɚɛɚɬɵɜɚɥɢ ɧɚ ɦɟɬɚɥɥɨɪɟɠɭɳɟɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɞɥɹ ɩɪɢɞɚɧɢɹ ɢɦ 
ɧɟɨɛɯɨɞɢɦɨɣ ɮɨɪɦɵ ɞɥɹ ɢɫɩɵɬɚɧɢɣ. 

ɂɫɩɵɬɚɧɢɹ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪɨɜɨɞɢɥɢ ɧɚ ɢɫɩɵɬɚɬɟɥɶɧɵɯ ɦɚɲɢɧɚɯ 
ɮɢɪɦɵ Zwick/Roell ɫɟɪɢɢ KAPPA DS ɫɨɝɥɚɫɧɨ ȽɈɋɌ 10145–81 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 800 ɢ 
1100ɋ ɫ ɧɚɝɪɭɡɤɨɣ 220 ɢ 25 Ɇɉɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɥɹ ɮɚɤɬɨɝɪɚɮɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɨɬɨɛɪɚɥɢ ɱɟɬɵɪɟ ɨɛɪɚɡɰɚ. ɍɫɥɨɜɢɹ ɢɫɩɵɬɚɧɢɣ, ɜɪɟɦɹ ɞɨ ɪɚɡɪɭɲɟɧɢɹ, ɭɞɥɢɧɟɧɢɟ (į), ɫɭɠɟ-
ɧɢɟ (ȥ) ɢ ɨɪɢɟɧɬɚɰɢɹ ɨɛɪɚɡɰɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɚɬɮɨɪɦɵ ɩɨɫɬɪɨɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ. 
 

ɋɜɨɣɫɬɜɚ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɫɟɥɟɤɬɢɜɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɩɥɚɜɥɟɧɢɹ,  
ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ 

ɍɫɥɨɜɧɵɣ  
ɧɨɦɟɪ ɨɛɪɚɡɰɚ 

Ɉɪɢɟɧɬɚɰɢɹ 
ɨɛɪɚɡɰɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ  
ɢɫɩɵɬɚɧɢɹ, °ɋ 

ɇɚɝɪɭɡɤɚ,  
Ɇɉɚ 

ȼɪɟɦɹ ɞɨ  
ɪɚɡɪɭɲɟɧɢɹ, ɱ 

į ȥ 
% 

1 Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ 800 220 260 58 56 
2 ȼɟɪɬɢɤɚɥɶɧɚɹ 59 48 77 
3 Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ 1100 25 25 31 27 
4 ȼɟɪɬɢɤɚɥɶɧɚɹ 141 28 18,5 
 
Ɏɪɚɤɬɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɤɚɧɢɪɭɸɳɟɝɨ 

ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ Jeol JSM-6490LV. Ⱥɧɚɥɢɡ ɩɨɩɟɪɟɱɧɵɯ ɦɢɤɪɨɲɥɢɮɨɜ ɨɛɪɚɡ-
ɰɨɜ ɜɵɩɨɥɧɟɧ ɧɚ ɪɚɫɬɪɨɜɨɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ Hitachi SU8010. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɂɡɥɨɦɵ ɨɛɪɚɡɰɨɜ 1 ɢ 2 ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚ-
ɬɭɪɟ 800°ɋ ɫ ɧɚɝɪɭɡɤɨɣ 220 Ɇɉɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 2, ɚ, ɝ. ɋɬɪɭɤɬɭɪɚ ɢɡɥɨɦɨɜ ɫɜɢ-
ɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɹɡɤɨɦ ɯɚɪɚɤɬɟɪɟ ɪɚɡɪɭɲɟɧɢɹ ɨɛɪɚɡɰɨɜ. ȼɹɡɤɨɟ ɪɚɡɪɭɲɟɧɢɟ ɯɚɪɚɤɬɟɪɢ-
ɡɭɟɬɫɹ ɹɦɨɱɧɵɦ («ɱɚɲɟɱɧɵɦ») ɢɡɥɨɦɨɦ (ɪɢɫ. 2, ɛ, ɞ). Ɇɢɤɪɨɭɝɥɭɛɥɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɢɡɥɨɦɚ (ɹɦɤɢ) ɜɨɡɧɢɤɚɸɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɨɜɚɧɢɹ, ɪɨɫɬɚ ɢ ɫɥɢɹɧɢɹ ɦɢɤɪɨɩɭɫɬɨɬ. 
Ƚɥɭɛɢɧɚ ɹɦɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶɸ ɦɟɬɚɥɥɚ ɤ ɥɨɤɚɥɶɧɨɣ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪ-
ɦɚɰɢɢ. ȼ ɧɟɤɨɬɨɪɵɯ ɹɦɤɚɯ (ɪɢɫ. 2, ɜ, ɟ) ɩɪɢɫɭɬɫɬɜɭɸɬ ɱɚɫɬɢɰɵ ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɤɚɪ-
ɛɢɞɧɨɣ ɮɚɡɵ. 

ȼ ɢɡɥɨɦɟ ɨɛɪɚɡɰɚ 1 ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɟɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɚɬɮɨɪɦɵ ɩɨ-
ɫɬɪɨɟɧɢɹ (ɪɢɫ. 2, ɚ–ɜ) ɧɚɛɥɸɞɚɸɬɫɹ ɟɞɢɧɢɱɧɵɟ ɩɨɪɵ. ɋɬɪɨɟɧɢɟ ɢɡɥɨɦɚ ɩɥɨɬɧɨɟ, ɛɟɡ 
ɪɵɯɥɨɬ. ȼ ɢɡɥɨɦɟ ɨɛɪɚɡɰɚ 2 ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɟɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɚɬɮɨɪɦɵ ɩɨ-
ɫɬɪɨɟɧɢɹ (ɪɢɫ. 2, ɝ–ɟ) ɧɚɛɥɸɞɚɸɬɫɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɩɨɪɵ ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɨɬ 10 
ɞɨ 50 ɦɤɦ. Ɋɚɡɪɭɲɟɧɢɟ ɨɛɪɚɡɰɚ 2 ɩɪɨɲɥɨ ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɢɡɥɨɦɚ «ɱɚɲɤɚ–ɤɨɧɭɫ», ɱɬɨ 
ɬɢɩɢɱɧɨ ɞɥɹ ɩɥɚɫɬɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ɇɚɬɪɢɰɚ ɢɡɥɨɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɪɚɜɧɨɨɫɧɵɦɢ ɹɦ-
ɤɚɦɢ. ȼ ɞɚɧɧɨɦ ɨɛɪɚɡɰɟ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚɢɛɨɥɶɲɚɹ ɫɬɟɩɟɧɶ ɭɬɨɧɟɧɢɹ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟ-
ɧɢɹ ɨɛɪɚɡɰɚ ɜɛɥɢɡɢ ɢɡɥɨɦɚ. 

ȼɪɟɦɹ ɞɨ ɪɚɡɪɭɲɟɧɢɹ ɨɛɪɚɡɰɚ 1 ɛɨɥɟɟ ɱɟɦ ɜ 4 ɪɚɡɚ ɩɪɟɜɵɲɚɟɬ ɬɚɤɨɜɨɟ ɞɥɹ ɨɛ-
ɪɚɡɰɚ 2. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɨɛɪɚɡɟɰ 2 ɪɚɡɪɭɲɢɥɫɹ ɛɵɫɬɪɟɟ ɩɨ ɩɪɢɱɢɧɟ ɧɚɥɢɱɢɹ ɜ ɧɟɦ 
ɦɢɤɪɨɩɨɪ. 
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Ɋɢɫ. 2. ɂɡɥɨɦɵ ɨɛɪɚɡɰɨɜ 1 (ɚ–ɜ) ɢ 2 (ɝ–ɟ) ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 800°ɋ:  
ɚ, ɝ – ɨɛɳɢɣ ɜɢɞ ɢɡɥɨɦɨɜ; ɛ, ɜ, ɞ, ɟ – ɫɬɪɨɟɧɢɟ ɢɡɥɨɦɨɜ 
 

Ɉɛɳɢɣ ɜɢɞ ɢɡɥɨɦɨɜ ɨɛɪɚɡɰɨɜ 3 ɢ 4 ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1100ɋ ɫ ɧɚɝɪɭɡɤɨɣ 25 Ɇɉɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 3. ɏɚɪɚɤɬɟɪ ɪɚɡɪɭɲɟ-
ɧɢɹ ɨɛɪɚɡɰɨɜ ɜɹɡɤɢɣ. ɇɚɛɥɸɞɚɟɬɫɹ ɜɵɪɚɠɟɧɧɚɹ «ɨɜɚɥɶɧɨɫɬɶ» ɫɟɱɟɧɢɹ ɨɛɪɚɡɰɚ 3 ɫ ɝɨɪɢ-
ɡɨɧɬɚɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɟɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɚɬɮɨɪɦɵ ɩɨɫɬɪɨɟɧɢɹ, ɩɪɢɨɛɪɟɬɟɧɧɚɹ ɜ ɯɨɞɟ 
ɢɫɩɵɬɚɧɢɹ. ɂɡɥɨɦ ɞɚɧɧɨɝɨ ɨɛɪɚɡɰɚ ɪɵɯɥɵɣ, ɩɨɪɢɫɬɵɣ, ɜ ɧɟɦ ɩɪɢɫɭɬɫɬɜɭɸɬ ɩɭɫɬɨɬɵ ɢ 
ɩɨɥɨɫɬɢ (ɪɢɫ. 3, ɛ, ɜ). ɋɬɪɨɟɧɢɟ ɢɡɥɨɦɚ ɨɛɪɚɡɰɚ 4, ɢɦɟɸɳɟɝɨ ɜɟɪɬɢɤɚɥɶɧɭɸ ɨɪɢɟɧɬɚɰɢɸ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɚɬɮɨɪɦɵ ɩɨɫɬɪɨɟɧɢɹ, ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫ. 3, ɝ. ɂɡɥɨɦ ɞɚɧɧɨɝɨ ɨɛɪɚɡɰɚ 
ɢɦɟɟɬ ɛɨɥɟɟ ɩɥɨɬɧɨɟ ɫɬɪɨɟɧɢɟ, ɱɟɦ ɢɡɥɨɦ ɨɛɪɚɡɰɚ 3 (ɪɢɫ. 3, ɞ, ɟ). 

 
Ɋɢɫ. 3. ɂɡɥɨɦɵ ɨɛɪɚɡɰɨɜ 3 (ɚ–ɜ) ɢ 4 (ɝ–ɟ) ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 1100°ɋ:  
ɚ, ɝ – ɨɛɳɢɣ ɜɢɞ ɢɡɥɨɦɨɜ; ɛ, ɜ, ɞ, ɟ – ɫɬɪɨɟɧɢɟ ɢɡɥɨɦɨɜ 
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Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɜɛɥɢɡɢ ɢɡɥɨɦɚ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ 
ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɢɡɭɱɟɧɵ ɩɨɩɟɪɟɱɧɵɟ ɦɢɤɪɨɲɥɢɮɵ ɨɛɪɚɡɰɨɜ (ɪɢɫ. 4 ɢ 5). ɇɚɢɛɨ-
ɥɟɟ ɩɥɨɬɧɨɟ ɫɬɪɨɟɧɢɟ ɛɟɡ ɩɨɪ ɢ ɪɵɯɥɨɬ ɢɦɟɟɬ ɨɛɪɚɡɟɰ 1, ɢɫɩɵɬɚɧɧɵɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
800°ɋ. ȼ ɨɛɪɚɡɰɚɯ, ɪɚɡɪɭɲɟɧɧɵɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1100ɋ, ɨɛɧɚɪɭɠɟɧɵ ɬɪɟɳɢɧɵ, ɪɚɫ-
ɩɨɥɨɠɟɧɧɵɟ ɜɛɥɢɡɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɥɨɦɚ (ɪɢɫ. 5). 

 

 
Ɋɢɫ. 4. ɉɨɩɟɪɟɱɧɵɟ ɫɟɱɟɧɢɹ ɪɚɛɨɱɢɯ ɱɚɫɬɟɣ ɨɛɪɚɡɰɨɜ 1 (ɚ–ɜ) ɢ 2 (ɝ–ɟ) ɜɛɥɢɡɢ ɢɡɥɨɦɚ  

ɢ ɢɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ:  
ɚ, ɝ – ɨɛɳɢɣ ɜɢɞ; ɛ, ɞ – ɩɪɨɮɢɥɶ ɢɡɥɨɦɚ; ɜ, ɟ – ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ 
 

 
Ɋɢɫ. 5. ɉɨɩɟɪɟɱɧɵɟ ɫɟɱɟɧɢɹ ɪɚɛɨɱɢɯ ɱɚɫɬɟɣ ɨɛɪɚɡɰɨɜ 3 (ɚ–ɜ) ɢ 4 (ɝ–ɟ) ɜɛɥɢɡɢ ɢɡɥɨɦɚ  

ɢ ɢɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ:  
ɚ, ɝ – ɨɛɳɢɣ ɜɢɞ; ɛ, ɞ – ɩɪɨɮɢɥɶ ɢɡɥɨɦɚ; ɜ, ɟ – ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ 
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ɂɡɜɟɫɬɧɨ, ɱɬɨ ɦɟɯɚɧɢɡɦ ɡɚɪɨɠɞɟɧɢɹ ɬɪɟɳɢɧ ɨɞɢɧɚɤɨɜ ɤɚɤ ɩɪɢ ɯɪɭɩɤɨɦ, ɬɚɤ ɢ 
ɩɪɢ ɜɹɡɤɨɦ ɪɚɡɪɭɲɟɧɢɢ. ȼɨɡɧɢɤɧɨɜɟɧɢɟ ɦɢɤɪɨɬɪɟɳɢɧ ɱɚɳɟ ɩɪɨɢɫɯɨɞɢɬ ɛɥɚɝɨɞɚɪɹ 
ɫɤɨɩɥɟɧɢɸ ɞɜɢɠɭɳɢɯɫɹ ɞɢɫɥɨɤɚɰɢɣ (ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ) ɩɟɪɟɞ ɩɪɟɩɹɬɫɬɜɢɟɦ 
(ɝɪɚɧɢɰɚɦɢ ɡɟɪɟɧ, ɦɟɠɮɚɡɧɵɦɢ ɝɪɚɧɢɰɚɦɢ, ɩɟɪɟɞ ɜɫɟɜɨɡɦɨɠɧɵɦɢ ɜɤɥɸɱɟɧɢɹɦɢ ɢ 
ɬ. ɞ.). ɉɪɢ ɜɹɡɤɨɦ ɪɚɡɪɭɲɟɧɢɢ ɜɟɥɢɱɢɧɚ ɩɥɚɫɬɢɱɟɫɤɨɣ ɡɨɧɵ, ɢɞɭɳɟɣ ɜɩɟɪɟɞɢ ɪɚɫɩɪɨ-
ɫɬɪɚɧɹɸɳɟɣɫɹ ɬɪɟɳɢɧɵ, ɜɟɥɢɤɚ, ɚ ɫɚɦɚ ɬɪɟɳɢɧɚ ɡɚɬɭɩɥɹɟɬɫɹ ɭ ɫɜɨɟɣ ɜɟɪɲɢɧɵ. ȼɹɡɤɨɟ 
ɪɚɡɪɭɲɟɧɢɟ ɨɛɭɫɥɨɜɥɟɧɨ ɦɚɥɨɣ ɫɤɨɪɨɫɬɶɸ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɪɟɳɢɧɵ. 

Ɍɪɟɳɢɧɵ ɜ ɨɛɪɚɡɰɟ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɚɬɮɨɪɦɵ 
ɩɨɫɬɪɨɟɧɢɹ (ɪɢɫ. 5, ɜ), ɪɚɫɩɨɥɨɠɟɧɵ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɫɥɨɹɯ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ ɢ ɢɞɭɬ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɜ ɩɪɨɰɟɫɫɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɦɚɬɟɪɢɚɥɚ. Ɂɢɝɡɚɝɨɨɛɪɚɡɧɚɹ ɮɨɪɦɚ ɬɪɟɳɢɧɵ ɜ ɨɛɪɚɡɰɟ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɦ ɜɟɪɬɢɤɚɥɶɧɨ 
(ɪɢɫ. 5, ɟ), ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɬɪɟɳɢɧɵ ɫ ɧɟɨɞɧɨɪɨɞɧɨɫɬɹɦɢ 
ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɚ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜ ɨɛɪɚɡɰɚɯ 3 ɢ 4 ɡɚɪɨɠɞɟɧɢɟ ɬɪɟɳɢɧ ɩɪɨɯɨɞɢ-
ɥɨ ɧɚ ɞɟɮɟɤɬɚɯ ɫɬɪɭɤɬɭɪɵ, ɚ ɢɯ ɪɨɫɬ ɩɪɨɯɨɞɢɥ ɜɞɨɥɶ ɝɪɚɧɢɰ ɡɟɪɟɧ ɫɬɪɭɤɬɭɪɵ. 

ȼ ɨɛɪɚɡɰɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɋɅɋ, ɩɪɢɫɭɬɫɬɜɭɸɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɫɠɢɦɚɸɳɢɟ 
ɧɚɩɪɹɠɟɧɢɹ Д17Ж, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɫɬɜɭɸɬ ɬɨɪɦɨɠɟɧɢɸ ɩɪɨɰɟɫɫɚ ɞɢɮɮɭɡɢɨɧɧɨɣ ɩɨɥɡɭ-
ɱɟɫɬɢ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ȼɪɟɦɹ ɞɨ ɪɚɡɪɭɲɟɧɢɹ ɨɛɪɚɡɰɨɜ, ɜɵɪɚɳɟɧɧɵɯ ɜɟɪɬɢ-
ɤɚɥɶɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɚɬɮɨɪɦɵ ɩɨɫɬɪɨɟɧɢɹ, ɜ ɩɪɨɰɟɫɫɟ ɢɫɩɵɬɚɧɢɣ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦ-
ɩɟɪɚɬɭɪɚɯ (1100°ɋ) ɜ 4–5 ɪɚɡ ɩɪɟɜɵɲɚɟɬ ɬɚɤɨɜɨɟ ɞɥɹ ɨɛɪɚɡɰɨɜ, ɜɵɪɚɳɟɧɧɵɯ ɝɨɪɢɡɨɧ-
ɬɚɥɶɧɨ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɞɚɧɧɵɣ ɷɮɮɟɤɬ ɨɛɭɫɥɨɜɥɟɧ ɨɪɢɟɧɬɚɰɢɟɣ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢ-
ɱɟɫɤɨɣ ɬɟɤɫɬɭɪɵ ɦɚɬɟɪɢɚɥɚ Д18, 19Ж ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɢɥɨɠɟɧɧɨɣ ɤ ɨɛɪɚɡɰɭ 
ɧɚɝɪɭɡɤɢ. ȼ ɨɛɪɚɡɰɚɯ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɜɟɪɬɢɤɚɥɶɧɨ, ɷɬɢ ɧɚɩɪɚɜɥɟɧɢɹ ɫɨɜɩɚɞɚɸɬ, ɛɥɚ-
ɝɨɞɚɪɹ ɱɟɦɭ ɞɚɧɧɵɟ ɨɛɪɚɡɰɵ ɫɩɨɫɨɛɧɵ ɜɵɞɟɪɠɢɜɚɬɶ ɧɚɝɪɭɡɤɭ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ. 

ȼ ɨɛɪɚɡɰɚɯ, ɜɵɪɚɳɟɧɧɵɯ ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɚɬɮɨɪɦɵ ɩɨɫɬɪɨɟɧɢɹ, 
ɧɚɩɪɚɜɥɟɧɢɟ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɬɟɤɫɬɭɪɵ ɢ ɩɪɢɥɨɠɟɧɧɨɣ ɤ ɨɛɪɚɡɰɭ ɧɚɝɪɭɡɤɢ ɜɡɚ-
ɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵ, ɢ ɞɚɧɧɵɟ ɨɛɪɚɡɰɵ ɪɚɡɪɭɲɚɸɬɫɹ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɫ ɢɞɟɧɬɢɱɧɨɣ 
ɩɪɢɥɨɠɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ ɡɧɚɱɢɬɟɥɶɧɨ ɛɵɫɬɪɟɟ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɯɚɪɚɤɬɟɪ ɪɚɡɪɭɲɟɧɢɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɜɹɡɤɢɣ. ɉɨɜɵɲɟɧɢɟ 
ɧɚɝɪɭɡɤɢ ɫ 25 ɞɨ 220 Ɇɉɚ ɧɟ ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɯɚɪɚɤɬɟɪ ɪɚɡɪɭɲɟɧɢɹ 
ɨɛɪɚɡɰɨɜ. ɋɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɥɨɦɨɜ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
1100°ɋ ɛɨɥɟɟ ɪɵɯɥɚɹ, ɱɟɦ ɫɬɪɭɤɬɭɪɚ ɢɡɥɨɦɨɜ ɨɛɪɚɡɰɨɜ, ɢɫɩɵɬɚɧɧɵɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
800°ɋ. ɉɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɩɪɢ 1100ɋ ɜ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɨɛɪɚɡɰɨɜ ɧɚ ɧɟɤɨɬɨɪɨɦ ɭɞɚɥɟɧɢɢ 
ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɪɵɜɚ ɧɚɛɥɸɞɚɸɬɫɹ ɡɢɝɡɚɝɨɨɛɪɚɡɧɵɟ ɬɪɟɳɢɧɵ. 

ȼɪɟɦɹ ɞɨ ɪɚɡɪɭɲɟɧɢɹ ɜɨ ɜɪɟɦɹ ɢɫɩɵɬɚɧɢɣ ɩɪɢ 800°ɋ ɨɛɪɚɡɰɚ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɚɬɮɨɪɦɵ ɩɨɫɬɪɨɟɧɢɹ, ɛɨɥɟɟ ɱɟɦ ɜ 4 ɪɚɡɚ ɩɪɟɜɵɲɚɟɬ  
ɬɚɤɨɜɨɟ ɞɥɹ ɨɛɪɚɡɰɚ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɜɟɪɬɢɤɚɥɶɧɨ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɨɛɪɚɡɟɰ  
ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɟɣ ɪɚɡɪɭɲɢɥɫɹ ɛɵɫɬɪɟɟ ɩɨ ɩɪɢɱɢɧɟ ɧɚɥɢɱɢɹ ɜ ɧɟɦ ɦɢɤɪɨɩɨɪ, 
ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɜ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɨɛɪɚɡɰɚ. 

ȼɪɟɦɹ ɞɨ ɪɚɡɪɭɲɟɧɢɹ ɜɨ ɜɪɟɦɹ ɢɫɩɵɬɚɧɢɣ ɩɪɢ 1100°ɋ ɨɛɪɚɡɰɚ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɨ-
ɝɨ ɜɟɪɬɢɤɚɥɶɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɚɬɮɨɪɦɵ ɩɨɫɬɪɨɟɧɢɹ, ɛɨɥɟɟ ɱɟɦ ɜ 5 ɪɚɡ ɩɪɟɜɵɲɚɟɬ  
ɬɚɤɨɜɨɟ ɞɥɹ ɨɛɪɚɡɰɚ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨ. 

ɏɚɪɚɤɬɟɪ ɪɚɡɪɭɲɟɧɢɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɚɧɢɡɨɬɪɨɩɢɢ ɫɜɨɣɫɬɜ ɪɚɡɧɨɧɚɩɪɚɜɥɟɧ-
ɧɵɯ ɨɛɪɚɡɰɨɜ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɞɥɢɬɟɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ ɜɟɪɬɢɤɚɥɶɧɨ 
ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɨɛɪɚɡɰɚ ɨɛɭɫɥɨɜɥɟɧɚ ɤɚɤ ɫɠɢɦɚɸɳɢɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ, ɬɚɤ ɢ ɤɪɢ-
ɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɬɟɤɫɬɭɪɨɣ ɦɚɬɟɪɢɚɥɚ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɚɪɚɥɥɟɥɶɧɨ ɩɪɢɥɨɠɟɧɧɨɣ 
ɤ ɨɛɪɚɡɰɭ ɧɚɝɪɭɡɤɟ. 
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Ȼɥɚɝɨɞɚɪɧɨɫɬɢ 
Ⱥɜɬɨɪɵ ɜɵɪɚɠɚɸɬ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɫɨɬɪɭɞɧɢɤɚɦ ɎȽɍɉ «ȼɂȺɆ» ɇ.Ⱥ. ɏɨɞɵɪɟɜɭ 

ɡɚ ɩɨɥɭɱɟɧɢɟ ɨɛɪɚɡɰɨɜ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɂ.ɋ. Ɇɚɡɚɥɨɜɭ ɡɚ ɩɨɥɟɡɧɨɟ ɨɛɫɭɠɞɟɧɢɟ ɪɟ-
ɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɢ ɤ.ɬ.ɧ. Ⱥ.Ƚ. ȿɜɝɟɧɨɜɭ ɡɚ ɰɟɧɧɵɟ ɡɚɦɟɱɚɧɢɹ. 
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