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ȼɚɠɧɵɦ ɭɫɥɨɜɢɟɦ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɤɨɪɪɨɡɢɨɧɧɨ-
ɫɬɨɣɤɨɣ ɫɬɚɥɢ ȼɇɋ-65 (18ɏ13ɇ4Ʉ4ɋ2ȺɆ3) ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ ɱɢɫɬɨɬɚ ɩɨ ɧɟɦɟɬɚɥɥɢɱɟ-
ɫɤɢɦ ɜɤɥɸɱɟɧɢɹɦ (ɨɤɫɢɞɚɦ ɢ ɫɭɥɶɮɢɞɚɦ) – ɧɟ ɛɨɥɟɟ 1 ɛɚɥɥɚ ɩɨ ȽɈɋɌ 1778–70. ɋɭɳɟ-
ɫɬɜɭɸɳɚɹ ɬɟɯɧɨɥɨɝɢɹ ɜɵɩɥɚɜɤɢ ɫɬɚɥɢ ȼɇɋ-65 ɜ ɨɬɤɪɵɬɨɣ ɩɟɱɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɷɥɟɤ-
ɬɪɨɲɥɚɤɨɜɵɦ ɩɟɪɟɩɥɚɜɨɦ ɧɟ ɜɫɟɝɞɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɚɞɚɧɧɭɸ ɱɢɫɬɨɬɭ ɦɟɬɚɥɥɚ, ɱɬɨ ɩɪɢ-
ɜɨɞɢɬ ɤ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɩɨɥɭɱɚɟɦɨɝɨ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɫɜɨɣɫɬɜ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟ-
ɫɬɜɚ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɜɤɥɸɱɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɞɨɛɢɬɶɫɹ ɫɧɢɠɟɧɢɹ (ɞɨ 2–3 ɪɚɡ) ɫɨɞɟɪɠɚ-
ɧɢɹ ɤɢɫɥɨɪɨɞɚ (≤0,01% (ɩɨ ɦɚɫɫɟ)) ɢ ɫɟɪɵ (≤0,005% (ɩɨ ɦɚɫɫɟ)). Ɂɚɞɚɱɟɣ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜ-
ɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɜɵɩɥɚɜɤɢ ɫɬɚɥɢ ȼɇɋ-65, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɫɧɢɠɟɧɢɟ ɫɨ-
ɞɟɪɠɚɧɢɹ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɜɤɥɸɱɟɧɢɣ, ɩɨɜɵɲɟɧɢɟ ɫɬɚɛɢɥɶɧɨɫɬɢ ɫɜɨɣɫɬɜ ɩɭɬɟɦ ɩɪɢɦɟ-
ɧɟɧɢɹ ɧɨɜɵɯ ɲɥɚɤɨɜɵɯ ɪɚɮɢɧɢɪɭɸɳɢɯ ɫɦɟɫɟɣ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɢɹ ɪɟɞɤɨɡɟ-
ɦɟɥɶɧɵɦɢ ɦɟɬɚɥɥɚɦɢ, ɜɜɨɞɢɦɵɦɢ ɱɟɪɟɡ ɲɥɚɤ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 8.2. «ȼɵ-
ɫɨɤɨɩɪɨɱɧɵɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɢ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ ɫɜɚɪɢɜɚɟɦɵɟ ɫɬɚɥɢ ɫ ɜɵɫɨɤɨɣ ɜɹɡ-
ɤɨɫɬɶɸ ɪɚɡɪɭɲɟɧɢɹ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ 
ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ») Д1Ж. 

Кɥюɱɟɜыɟ ɫɥɨɜɚ: ɜɵɫɨɤɨɩɪɨɱɧɚɹ ɚɡɨɬɫɨɞɟɪɠɚɳɚɹ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɚɹ ɫɬɚɥɶ, ɜɵ-
ɩɥɚɜɤɚ, ɩɟɪɟɩɥɚɜ, ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɢɟ, ɊɁɆ. 

 
An important prerequisite for high-performance stainless steel VNS-65 

(18Cr13Ni4Co4Si2NMo3) is a high purity non-metallic inclusions – oxides and sulfides, no more 
than 1 point in accordance with GOST 1778–70. The existing steel smelting technology VNS-65 
outdoor furnace followed by electroslag remelting is not always provides the desired purity of 
the metal, resulting in a high-level properties of instability. To reduce the amount of nonmetal-
lic inclusions is necessary to reduce to 2–3 times the oxygen content (less than 0,01%) and sul-
fur (less than 0,005%). The aim of the study is to develop a technology of steel smelting VNS-65, 
providing the reduction of non-metallic inclusions, improved stability properties through the 
use of new refining slag mixtures and technology microalloying rare earth metals, administered 
through the slag. 

TСО аШrФ аТtСТn tСО ПrКmОаШrФ ШП Кn ТntОРrКtОН rОsОКrМС КrОК 8.2. «HТРС-strength and cor-
rosion-rОsТstКnt аОХНОН strЮМtЮrКХ stООХ аТtС СТРС ПrКМtЮrО tШЮРСnОss» («StrКtОРТМ НТrОМtТШns ШП 
development of mКtОrТКХs КnН tОМСnШХШРТОs ПШr ЩrШМОssТnР tСОm ПШr tСО ЩОrТШН ЮЩ tШ 2030») Д1Ж. 
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ȼɜɟɞɟɧɢɟ 
ȼɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɧɚɞɟɠɧɨɫɬɢ ɢ ɫɬɚɛɢɥɶɧɨɫɬɢ ɫɥɭɠɟɛɧɵɯ ɫɜɨɣɫɬɜ ɤɨɧ-

ɫɬɪɭɤɰɢɨɧɧɵɯ ɫɬɚɥɟɣ ɢ ɫɩɥɚɜɨɜ ɞɨɫɬɢɝɚɸɬɫɹ ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɨɥɟɟ ɤɚɱɟɫɬɜɟɧɧɨɝɨ 
ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ ɜ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɢ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɣ, ɨɛɟɫ-
ɩɟɱɢɜɚɸɳɢɯ ɩɨɥɭɱɟɧɢɟ ɛɨɥɟɟ ɱɢɫɬɨɝɨ ɩɨ ɩɪɢɦɟɫɹɦ ɢ ɢɡɨɬɪɨɩɧɨɝɨ ɩɨ ɫɜɨɣɫɬɜɚɦ ɦɚɬɟ-
ɪɢɚɥɚ. ɋɬɚɛɢɥɶɧɨɫɬɶ ɢ ɨɞɧɨɪɨɞɧɨɫɬɶ ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɚ ɩɨɡɜɨɥɹɟɬ ɡɚɤɥɚɞɵɜɚɬɶ ɩɪɢ ɪɚɫ-
ɱɟɬɚɯ ɞɟɬɚɥɟɣ ɤɨɧɫɬɪɭɤɰɢɣ ɪɚɜɧɵɟ ɫɜɨɣɫɬɜɚ ɜ ɩɪɨɞɨɥɶɧɨɦ ɢ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɹɯ 
ɢɫɯɨɞɧɨɝɨ ɩɨɥɭɮɚɛɪɢɤɚɬɚ. 

Ȼɨɥɟɟ ɱɢɫɬɵɣ ɩɨ ɩɪɢɦɟɫɹɦ ɢ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɦ ɜɤɥɸɱɟɧɢɹɦ ɦɚɬɟɪɢɚɥ ɨɛɥɚɞɚɟɬ 
ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɜɹɡɤɨɫɬɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɡɨɜɚɬɶ ɧɚ ɦɚɬɟɪɢɚɥɟ ɛɨɥɟɟ 
ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɜɵɫɨɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ. 

Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɢ ɫɬɚɛɢɥɶɧɵɯ 
ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɨɜ ɹɜɥɹɟɬɫɹ ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɢɟ ɢɯ ɪɟɞɤɨɡɟɦɟɥɶɧɵɦɢ ɦɟɬɚɥɥɚɦɢ (ɊɁɆ). 

ȼɵɫɨɤɚɹ ɱɢɫɬɨɬɚ ɦɟɬɚɥɥɚ ɩɨ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɦ ɜɤɥɸɱɟɧɢɹɦ, ɤɨɬɨɪɵɟ ɧɟɢɡɛɟɠɧɨ 
ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɫɬɚɥɢ ɜ ɜɢɞɟ ɩɪɢɦɟɫɟɣ, ɩɨɥɨɠɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɭɜɟɥɢɱɟɧɢɟ ɩɥɚɫɬɢɱ-
ɧɨɫɬɢ ɢ ɜɹɡɤɨɫɬɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɬɶ ɪɟɫɭɪɫ ɞɟɬɚɥɟɣ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɜɵɫɨɤɨɧɚɝɪɭɠɟɧɧɵɯ, ɩɪɢ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ɉɪɢ ɩɨɫɬɨɹɧɧɨ ɩɨɜɵɲɚɸɳɢɯɫɹ ɬɪɟɛɨɜɚɧɢɹɯ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɫɜɨɣɫɬɜɚɦ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɯ ɫɬɚɥɟɣ, ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɫɬɚɥɟɣ 
ɬɪɟɛɭɟɬɫɹ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɪɚɡɪɚɛɨɬɤɭ, ɜɧɟɞɪɟɧɢɟ, ɩɚɫɩɨɪɬɢ-
ɡɚɰɢɸ ɢ ɫɟɪɬɢɮɢɤɚɰɢɸ ɦɚɬɟɪɢɚɥɨɜ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɞɨɪɨɠɚɟɬ ɩɪɨɰɟɫɫ ɢɯ ɢɡɝɨɬɨɜɥɟ-
ɧɢɹ. ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɭɬɟɦ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ɧɨɜɵɯ ɩɪɢɟɦɨɜ ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɞɨɫɬɢɠɟɧɢɟ ɞɚɠɟ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɪɟ-
ɡɭɥɶɬɚɬɨɜ ɩɨ ɭɪɨɜɧɸ ɫɜɨɣɫɬɜ ɩɪɢ ɦɟɧɶɲɢɯ ɡɚɬɪɚɬɚɯ ɢ ɜ ɛɨɥɟɟ ɤɨɪɨɬɤɢɟ ɫɪɨɤɢ. 

Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɢɥɨɜɵɯ ɞɟɬɚɥɟɣ, ɞɟɬɚɥɟɣ ɲɚɫɫɢ ɢ ɤɪɟɩɟɠɚ ɩɥɚɧɟɪɚ ɪɚɡɪɚɛɨ-
ɬɚɧɚ ɢ ɜɧɟɞɪɟɧɚ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ ɜɵɫɨɤɨɩɪɨɱɧɚɹ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɚɹ ɚɡɨɬɫɨɞɟɪɠɚɳɚɹ 
ɫɬɚɥɶ ȼɇɋ-65 (σɜ≥1670 ɇ/ɦɦ2), ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɨɫɯɨɞɹɳɚɹ ɩɨ ɩɪɨɱɧɨɫɬɢ ɨɬɟɱɟɫɬɜɟɧ-
ɧɵɣ (ȼɇɋ-5) ɢ ɡɚɪɭɛɟɠɧɵɣ (ȺɆ-355, ɋɒȺ) ɚɧɚɥɨɝɢ (σɜ≈1550 ɇ/ɦɦ2) [2–6Ж. Ⱦɥɹ ɩɨɥɭ-
ɱɟɧɢɹ ɡɚɞɚɧɧɵɯ ɫɜɨɣɫɬɜ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɧɢɡɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɜɤɥɸɱɟɧɢɣ (ɨɤɫɢɞɨɜ ɢ ɫɭɥɶɮɢɞɨɜ) ɜ ɫɬɚɥɢ ȼɇɋ-65 ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɚɡɨɬɚ ɜ 
ɩɪɟɞɟɥɚɯ 0,07–0,09% (ɩɨ ɦɚɫɫɟ), ɱɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɛɥɚɝɨɞɚɪɹ ɧɢɡɤɨɦɭ ɫɨɞɟɪɠɚɧɢɸ ɤɢɫ-
ɥɨɪɨɞɚ ɢ ɫɟɪɵ ɜ ɩɪɨɰɟɫɫɟ ɜɵɩɥɚɜɤɢ. ɉɪɢ ɩɨɥɭɱɟɧɢɢ ɫɬɚɥɢ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ 
ɞɨɩɭɫɤɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɜɤɥɸɱɟɧɢɣ, ɪɚɜɧɨɟ – ɞɨ 1,5–β ɛɚɥɥɚ (ɩɨ 
ȽɈɋɌ 1778–70), ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɩɨɜɵɲɟɧɧɨɣ ɡɚɝɪɹɡɧɟɧɧɨɫɬɶɸ ɩɪɢɦɟɧɹɟɦɵɯ ɲɥɚɤɨɜɵɯ 
ɫɦɟɫɟɣ Д7, 8Ж. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨ ɫɧɢɠɟɧɢɸ ɫɨɞɟɪɠɚɧɢɹ ɨɤɫɢɞɨɜ ɢ ɫɭɥɶɮɢɞɨɜ ɜ ɦɟɬɚɥɥɟ 
(ɞɨ 1 ɛɚɥɥɚ) ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɤɢɫɥɨɪɨɞɚ ɢ ɫɟɪɵ, ɢɫɫɥɟɞɨɜɚɧɚ ɬɟɯɧɨɥɨɝɢɹ 
ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɢɹ ɫɬɚɥɢ ɊɁɆ (ɰɟɪɢɣ, ɥɚɧɬɚɧ, ɢɬɬɪɢɣ, ɧɟɨɞɢɦ, ɞɢɫɩɪɨɡɢɣ, ɬɟɪɛɢɣ ɢ ɝɚ-
ɞɨɥɢɧɢɣ), ɜɜɨɞɢɦɵɦɢ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ, ɜɤɥɸɱɚɹ ɜɜɟɞɟɧɢɟ ɜ ɪɚɫɩɥɚɜ ɊɁɆ ɩɪɢ 
ɜɵɩɥɚɜɤɟ ɢɫɯɨɞɧɨɣ ɡɚɝɨɬɨɜɤɢ ɜ ɨɬɤɪɵɬɨɣ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɟɱɢ, ɞɨɡɢɪɨɜɚɧɧɨɟ ɜɜɟɞɟɧɢɟ 
ɊɁɆ ɜ ɩɥɚɜɢɥɶɧɭɸ ɡɨɧɭ ɜ ɩɪɨɰɟɫɫɟ ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɝɨ ɩɟɪɟɩɥɚɜɚ (ɗɒɉ), ɚ ɬɚɤɠɟ ɥɟɝɢ-
ɪɨɜɚɧɢɟ ɊɁɆ ɢɡ ɲɥɚɤɨɜɨɣ ɮɚɡɵ ɩɪɢ ɗɒɉ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɜɤɥɸɱɟ-
ɧɢɣ ɜ ɫɬɚɥɢ ȼɇɋ-65 ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ ɊɁɆ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɢ 
ɫɟɪɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ≤0,01 ɢ ≤0,005% (ɩɨ ɦɚɫɫɟ). 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ɍɟɯɧɨɥɨɝɢɹ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɨɣ ɚɡɨɬɫɨɞɟɪɠɚɳɟɣ 
ɫɬɚɥɢ ȼɇɋ-65 ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɜɵɩɥɚɜɤɭ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɧɨɜɨɣ ɲɥɚɤɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ 
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ɫ ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɢɟɦ ɪɚɫɩɥɚɜɚ ɪɚɡɥɢɱɧɵɦɢ ɊɁɆ ɜ ɜɢɞɟ ɱɢɫɬɨɝɨ ɦɟɬɚɥɥɚ ɢɥɢ ɥɢɝɚɬɭɪ ɫ 
ɧɢɤɟɥɟɦ. 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɜɵɩɥɚɜɤɢ ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɤɨɪɪɨɡɢɨɧ-
ɧɨɫɬɨɣɤɨɣ ɚɡɨɬɫɨɞɟɪɠɚɳɟɣ ɫɬɚɥɢ ȼɇɋ-65, ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɧɨɣ ɊɁɆ, ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭ-
ɸɳɢɯ ɨɩɟɪɚɰɢɣ: 

– ɜɵɩɥɚɜɤɚ ɢɫɯɨɞɧɨɝɨ ɦɟɬɚɥɥɚ ɜ ɨɬɤɪɵɬɵɯ ɢɧɞɭɤɰɢɨɧɧɵɯ ɩɟɱɚɯ ɫ ɨɬɥɢɜɤɨɣ ɷɥɟɤɬɪɨ-
ɞɨɜ ɜ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɬɪɭɛɵ 90 ɦɦ; 

– ɩɟɪɟɩɥɚɜ ɥɢɬɵɯ ɷɥɟɤɬɪɨɞɨɜ ɜ ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɣ ɩɟɱɢ Ⱦɗɒɉ-0,1 ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ 
1γ0 ɦɦ ɩɪɢ ɞɚɜɥɟɧɢɢ з0,1 Ɇɉɚ Д9Ж. 

Ʉɨɧɬɪɨɥɶ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɦɟɬɚɥɥɚ ɜ ɥɢɬɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ 
(ɩɪɭɬɤɢ 1414γ00 ɦɦ, ɫɭɬɭɧɤɢ γ01001γ0 ɦɦ), ɚ ɬɚɤɠɟ ɫɨɞɟɪɠɚɧɢɹ ɜ ɧɢɯ ɝɚɡɨɜ ɢ 
ɩɪɢɦɟɫɟɣ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɨɫɥɟ ɢɯ ɜɵɩɥɚɜɤɢ ɜ ɨɬɤɪɵɬɨɣ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɟɱɢ ɢ ɷɥɟɤɬɪɨ-
ɲɥɚɤɨɜɨɝɨ ɩɟɪɟɩɥɚɜɚ. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɨɣ 
ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɭɫɬɚɧɨɜɤɟ ARL-4460 ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ  
ȽɈɋɌ Ɋ ɂɋɈ 1γ898-2–β006 ɢ ȽɈɋɌ Ɋ ɂɋɈ 13898-4–β007. ɋɨɞɟɪɠɚɧɢɟ ɝɚɡɨɜ ɢ ɩɪɢɦɟɫɟɣ 
ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɨɞɨɜ ɜɚɤɭɭɦ-ɩɥɚɜɥɟɧɢɹ ɧɚ ɭɫɬɚɧɨɜɤɟ LОФШ TC-4γ6 (ɚɧɚɥɢɡ 
ɫɨɞɟɪɠɚɧɢɹ ɝɚɡɨɜ) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 17745–90 ɢ ɫɠɢɝɚɧɢɹ ɜ ɜɚɤɭɭɦɟ ɧɚ ɭɫɬɚɧɨɜɤɟ 
Leko CS-444 (ɚɧɚɥɢɡ ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɪɨɞɚ ɢ ɫɟɪɵ) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 1βγ44–2003 ɢ 
ȽɈɋɌ 1βγ45–2001.  

Ɉɛɪɚɡɰɵ, ɜɵɪɟɡɚɧɧɵɟ ɢɡ ɫɭɬɭɧɨɤ ɜ ɩɪɨɞɨɥɶɧɨɦ ɢ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɹɯ 
ɜɨɥɨɤɧɚ ɢ ɩɪɨɲɟɞɲɢɟ ɩɨɥɧɵɣ ɰɢɤɥ ɭɩɪɨɱɧɹɸɳɟɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ, ɩɨɞɜɟɪɝɚɥɢ ɢɫɩɵ-
ɬɚɧɢɹɦ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɩɨ ȽɈɋɌ 1497 (ɢɫɩɵɬɚɬɟɥɶɧɚɹ ɦɚɲɢɧɚ Tiratest βγ00/1) ɢ ɩɪɢ 
ɭɞɚɪɧɨɦ ɢɡɝɢɛɟ ɩɨ ȽɈɋɌ 9454 (ɦɚɹɬɧɢɤɨɜɵɣ ɤɨɩɟɪ ɂɈ 500γ-0,γ) ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦ-
ɩɟɪɚɬɭɪɟ. 

Ʉɚɱɟɫɬɜɟɧɧɭɸ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɨɰɟɧɤɭ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɜɤɥɸɱɟɧɢɣ ɩɪɨɜɨ-
ɞɢɥɢ ɧɚ ɨɩɬɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ LОТМК DM IRM ɦɟɬɨɞɨɦ ɫɪɚɜɧɟɧɢɹ ɫ ɷɬɚɥɨɧɧɵɦɢ ɲɤɚ-
ɥɚɦɢ ɩɪɢ ɩɪɨɫɦɨɬɪɟ ɜɫɟɣ ɩɥɨɳɚɞɢ ɧɟɬɪɚɜɥɟɧɵɯ ɲɥɢɮɨɜ ɫ ɩɪɨɞɨɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ 
ɜɨɥɨɤɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 1778–70, ɜɚɪɢɚɧɬ ɒ4 (ɩɨɥɟ ɡɪɟɧɢɹ ×100, ɩɪɨɞɨɥɶɧɨɟ 
ɧɚɩɪɚɜɥɟɧɢɟ). 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ ɜɵɩɥɚɜɤɢ ɫɬɚɥɢ ȼɇɋ-65 ɫ ɧɨɜɵɦɢ ɲɥɚɤɨɜɵɦɢ ɤɨɦ-
ɩɨɡɢɰɢɹɦɢ ɢ ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɢɟɦ ɊɁɆ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɢ ɫɟɪɵ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ≤0,01 ɢ ≤0,005% (ɩɨ ɦɚɫɫɟ), ɜɵɹɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜɥɢɹ-
ɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɲɥɚɤɨɜ ɢ ɊɁɆ ɧɚ ɩɪɨɰɟɫɫ ɪɚɮɢɧɢɪɨɜɚɧɢɹ ɦɟɬɚɥɥɚ ɩɪɢ ɜɵɩɥɚɜɤɟ ɢ 
ɩɟɪɟɩɥɚɜɟ. ɂɫɫɥɟɞɭɟɦɵɟ ɜ ɪɚɛɨɬɟ ɊɁɆ ɩɨ ɯɚɪɚɤɬɟɪɭ ɢɯ ɫɩɢɧɨɜ ɞɟɥɹɬɫɹ ɧɚ ɰɟɪɢɟɜɭɸ 
(ɥɚɧɬɚɧ, ɰɟɪɢɣ, ɩɪɚɡɟɨɞɢɦ, ɧɟɨɞɢɦ, ɩɪɨɦɟɬɢɣ, ɫɚɦɚɪɢɣ, ɝɚɞɨɥɢɧɢɣ) ɢ ɢɬɬɪɢɟɜɭɸ (ɢɬ-
ɬɪɢɣ, ɝɚɞɨɥɢɧɢɣ, ɬɟɪɛɢɣ, ɞɢɫɩɪɨɡɢɣ, ɝɨɥɶɦɢɣ, ɷɪɛɢɣ, ɬɭɥɢɣ, ɢɬɬɟɪɛɢɣ) ɝɪɭɩɩɵ. Ⱦɥɹ 
ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɛɪɚɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɞɤɨɡɟɦɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɉɟɪɢɨɞɢɱɟ-
ɫɤɨɣ ɫɢɫɬɟɦɵ Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ: ɥɚɧɬɚɧ, ɰɟɪɢɣ, ɢɬɬɪɢɣ, ɝɚɞɨɥɢɧɢɣ, ɞɢɫɩɪɨɡɢɣ. 

ɋ ɰɟɥɶɸ ɜɵɛɨɪɚ ɦɟɬɨɞɢɤɢ ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɢɹ ɊɁɆ ɫɬɚɥɢ ȼɇɋ-65 ɩɪɨɜɟɞɟɧ ɚɧɚ-
ɥɢɡ ɞɚɧɧɵɯ ɢɡ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ, ɜ ɩɪɨɰɟɫɫɟ ɤɨɬɨɪɨɝɨ ɜɵɹɜɥɟɧɵ ɨɫɧɨɜ-
ɧɵɟ ɬɟɧɞɟɧɰɢɢ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɊɁɆ ɩɪɢ ɜɵɩɥɚɜɤɟ ɫɬɚɥɟɣ. ɉɨɱɬɢ ɜɫɟ ɊɁɆ ɢɦɟɸɬ ɛɨɥɟɟ 
ɫɢɥɶɧɨɟ ɫɪɨɞɫɬɜɨ ɤ ɤɢɫɥɨɪɨɞɭ, ɫɟɪɟ ɢ ɞɪɭɝɢɦ ɩɪɢɦɟɫɹɦ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɠɟɥɟɡɨɦ) ɢ ɨɛ-
ɪɚɡɭɸɬ ɫ ɧɢɦɢ ɥɟɝɤɨɩɥɚɜɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɤɨɬɨɪɵɟ ɭɞɚɥɹɸɬɫɹ ɢɡ ɪɚɫɩɥɚɜɚ ɜ ɩɪɨɰɟɫɫɟ 
ɩɥɚɜɤɢ ɢ ɩɟɪɟɩɥɚɜɚ. ɊɁɆ ɬɚɤɠɟ ɦɨɝɭɬ ɨɛɪɚɡɨɜɵɜɚɬɶ ɫ ɩɪɢɦɟɫɹɦɢ ɬɭɝɨɩɥɚɜɤɢɟ ɫɨɟɞɢɧɟ-
ɧɢɹ, ɩɪɟɜɪɚɳɚɹ ɢɯ ɦɨɪɮɨɥɨɝɢɸ ɜ ɝɥɨɛɭɥɹɪɧɭɸ, ɭɤɪɟɩɥɹɹ ɢ ɨɱɢɳɚɹ ɝɪɚɧɢɰɵ ɡɟɪɟɧ.  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɊɁɆ ɩɨɥɧɨɫɬɶɸ ɪɚɫɬɜɨɪɢɦɵ ɜ ɠɢɞɤɨɦ ɠɟɥɟɡɟ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ-
ɪɚɫɬɜɨɪɢɦɵ ɜ ɬɜɟɪɞɨɦ ɠɟɥɟɡɟ. Ɍɚɤ, ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɠɟɥɟɡɟ ɦɨɠɟɬ ɪɚɫɬɜɨ-
ɪɢɬɶɫɹ з0,1% (ɩɨ ɦɚɫɫɟ) ɋɟ, ɚ ɩɪɢ 600°ɋ: 0,γ5–0,4% (ɩɨ ɦɚɫɫɟ) ɋɟ. ɂɡɛɵɬɨɱɧɨɟ  
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ɫɨɞɟɪɠɚɧɢɟ ɊɁɆ (ɜ ɫɜɨɛɨɞɧɨɦ, ɬ. ɟ. ɧɟɫɜɹɡɚɧɧɨɦ ɫ ɤɢɫɥɨɪɨɞɨɦ ɢ ɫɟɪɨɣ ɫɨɫɬɨɹɧɢɢ) ɜɵ-
ɞɟɥɹɟɬɫɹ ɩɪɢ ɡɚɬɜɟɪɞɟɜɚɧɢɢ ɫɬɚɥɢ ɩɨ ɝɪɚɧɢɰɚɦ ɩɟɪɜɢɱɧɵɯ ɤɪɢɫɬɚɥɥɨɜ ɜɩɥɨɬɶ ɞɨ ɨɛɪɚ-
ɡɨɜɚɧɢɹ ɷɜɬɟɤɬɢɤɢ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɫɢɫɬɟɦɵ FО–ɋɟ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɷɜɬɟɤɬɢɤɢ 
ɫɨɫɬɚɜɥɹɟɬ 641°ɋ, ɚ ɞɥɹ ɫɢɫɬɟɦɵ FО–LК ɨɧɚ ɪɚɜɧɚ 785°ɋ Д10Ж. 

Ɋɟɞɤɨɡɟɦɟɥɶɧɵɟ ɦɟɬɚɥɥɵ, ɹɜɥɹɹɫɶ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ, 
ɭɦɟɧɶɲɚɸɬ ɜɟɥɢɱɢɧɭ ɪɚɛɨɬɵ, ɡɚɬɪɚɱɢɜɚɟɦɨɣ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɡɚɪɨɞɵɲɟɣ ɜ ɦɟɬɚɥɥɟ, ɱɬɨ 
ɫɨɤɪɚɳɚɟɬ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɫɧɢɠɚɟɬ ɫɬɟɩɟɧɶ ɩɟɪɟɨɯɥɚɠɞɟ-
ɧɢɹ. Ɉɫɧɨɜɧɨɟ ɜɥɢɹɧɢɟ ɊɁɆ – ɢɡɦɟɧɟɧɢɟ ɩɪɢɪɨɞɵ, ɮɨɪɦɵ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɟɦɟɬɚɥɥɢ-
ɱɟɫɤɢɯ ɜɤɥɸɱɟɧɢɣ. Ɋɟɞɤɨɡɟɦɟɥɶɧɵɟ ɦɟɬɚɥɥɵ, ɬɚɤɢɟ ɤɚɤ ɰɟɪɢɣ, ɥɚɧɬɚɧ, ɢɬɬɪɢɣ, ɧɟɨɞɢɦ, 
ɬɟɪɛɢɣ ɢ ɝɚɞɨɥɢɧɢɣ, ɢɡɦɟɧɹɸɬ ɜɧɭɬɪɢɡɟɪɟɧɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɢɡɦɟɥɶɱɚɹ ɛɥɨɤɢ ɦɚɬɪɢɰɵ, 
ɫɧɢɠɚɸɬ ɞɢɮɮɭɡɢɨɧɧɭɸ ɩɨɞɜɢɠɧɨɫɬɶ ɚɬɨɦɨɜ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɢ ɩɨ 
ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ, ɫɩɨɫɨɛɫɬɜɭɸɬ ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɤɚɪɛɢɞɨɜ ɜ ɬɟɥɟ 
ɡɟɪɧɚ ɢ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɬɨɪɦɨɠɟɧɢɸ ɪɨɫɬɚ ɩɨɝɪɚɧɢɱɧɵɯ ɤɚɪɛɢɞɨɜ, ɩɨɜɵɲɚɹ ɭɪɨɜɟɧɶ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɬɚɥɢ Д11Ж. Ɉɛɳɟɢɡɜɟɫɬɧɨ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɥɚɧɬɚɧɚ ɧɚ 
ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ ɦɟɬɚɥɥɟ, ɤɨɬɨɪɵɣ (ɤɚɤ ɢ ɰɟɪɢɣ) ɨɛɪɚɡɭɟɬ ɫɭɥɶɮɢɞɧɵɟ ɬɭɝɨɩɥɚɜɤɢɟ 
ɜɤɥɸɱɟɧɢɹ, ɢɦɟɸɳɢɟ ɝɥɨɛɭɥɹɪɧɭɸ ɮɨɪɦɭ ɢ ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɟ ɩɨ ɝɪɚɧɢɰɚɦ, ɚ ɜ ɬɟɥɟ 
ɡɟɪɧɚ. Ƚɚɞɨɥɢɧɢɣ, ɧɚɪɹɞɭ ɫ ɢɬɬɪɢɟɦ ɢ ɰɟɪɢɟɦ, ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɢɦ ɫɪɨɞɫɬɜɨɦ ɤ ɤɢɫɥɨɪɨ-
ɞɭ ɢ ɥɟɝɤɨ ɨɤɢɫɥɹɟɬɫɹ, ɚɤɬɢɜɧɨ ɨɱɢɳɚɹ ɪɚɫɩɥɚɜ ɨɬ ɤɢɫɥɨɪɨɞɚ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɫɧɢɠɟɧɢɟ ɧɟɦɟɬɚɥɥɢɱɟ-
ɫɤɢɯ ɜɤɥɸɱɟɧɢɣ ɜ ɩɪɨɰɟɫɫɟ ɗɒɉ ɨɫɭɳɟɫɬɜɥɹɥɢ ɬɪɟɦɹ ɫɩɨɫɨɛɚɦɢ: 

– ɩɪɢ ɜɜɟɞɟɧɢɢ ɊɁɆ ɜ ɩɪɨɰɟɫɫɟ ɜɵɩɥɚɜɤɢ ɫɬɚɥɢ ɜ ɨɬɤɪɵɬɨɣ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɟɱɢ ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɗɒɉ (ɩɥɚɜɤɢ 1 ɢ 2); 

– ɩɪɢ ɞɨɡɢɪɨɜɚɧɧɨɦ ɜɜɟɞɟɧɢɢ ɊɁɆ ɜ ɩɥɚɜɢɥɶɧɭɸ ɡɨɧɭ ɩɪɢ ɗɒɉ (ɩɥɚɜɤɢ 3 ɢ 4); 
– ɩɪɢ ɥɟɝɢɪɨɜɚɧɢɢ ɊɁɆ ɪɚɫɩɥɚɜɚ ɢɡ ɲɥɚɤɨɜɨɣ ɮɚɡɵ ɜ ɩɪɨɰɟɫɫɟ ɗɒɉ (ɩɥɚɜɤɢ 5 ɢ 6). 

ȼ ɤɚɱɟɫɬɜɟ ɲɥɚɤɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ ɞɥɹ ɫɬɚɥɢ ȼɇɋ-65 ɩɪɢ ɗɒɉ ɜɵɛɪɚɧ ɲɥɚɤ 
ȺɇɎ-6 ɧɚ ɨɫɧɨɜɟ ɮɬɨɪɢɞɚ ɤɚɥɶɰɢɹ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɬɭɝɨɩɥɚɜɤɢɦ, ɢɦɟɟɬ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɤɢɩɟɧɢɹ, ɫɩɨɫɨɛɟɧ ɨɛɟɫɩɟɱɢɬɶ ɛɵɫɬɪɨɟ ɢ ɥɟɝɤɨɟ 
ɭɫɬɚɧɨɜɥɟɧɢɟ ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɟɝɨ ɫɬɚɛɢɥɶɧɨɫɬɶ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɜ ɪɚɫɩɥɚɜ-
ɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɮɬɨɪɢɞ ɤɚɥɶɰɢɹ ɨɛɥɚɞɚɟɬ ɩɨɜɵɲɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɜɨɞɢɦɨ-
ɫɬɶɸ, ɫɧɢɠɚɟɬ ɜɹɡɤɨɫɬɶ ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ. 

ɉɪɢ ɜɜɟɞɟɧɢɢ ɱɢɫɬɵɯ ɊɁɆ ɢɥɢ ɢɯ ɫɩɥɚɜɨɜ ɜ ɪɚɫɩɥɚɜɥɟɧɧɵɣ ɦɟɬɚɥɥ ɭɫɜɨɟɧɢɟ 
ɊɁɆ ɧɟɫɬɚɛɢɥɶɧɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɤɢɫɥɟɧɢɹ ɢɯ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ ɥɢɛɨ ɧɟɞɨɫɬɚɬɨɱɧɨ 
ɪɚɫɤɢɫɥɟɧɧɵɦ ɲɥɚɤɨɦ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜ ɦɟɬɚɥɥɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ɊɁɆ, ɨɤɚɡɵɜɚɸɳɢɯ 
ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣɫɬɜɚ ɫɬɚɥɢ, ɧɟɨɛɯɨɞɢɦɨ ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ 
ɨɤɢɫɥɟɧɧɨɫɬɢ ɪɚɫɩɥɚɜɚ, ɞɨɫɬɢɝɚɟɦɨɟ ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ ɫɢɥɶɧɵɯ ɪɚɫɤɢɫɥɢɬɟɥɟɣ ɜ ɦɟɬɚɥɥ ɢ 
ɫɧɢɠɟɧɢɹ ɩɚɪɰɢɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɜ ɲɥɚɤɟ. ɋɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɦɨɠɟɬ 
ɛɵɬɶ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɟɧɨ ɛɥɚɝɨɞɚɪɹ ɩɪɨɜɟɞɟɧɢɸ ɩɪɨɰɟɫɫɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɫɤɢɫ-
ɥɟɧɢɹ ɦɟɬɚɥɥɚ ɚɥɸɦɢɧɢɟɦ. Ⱥɥɸɦɢɧɢɣ ɤɚɤ ɪɚɫɤɢɫɥɢɬɟɥɶ ɢɦɟɟɬ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɟɪɟɞ 
ɊɁɆ: ɩɪɢ ɪɚɜɧɨɣ ɦɚɫɫɟ ɩɪɢɫɚɞɤɢ ɨɧ ɭɞɚɥɹɟɬ ɜ 5 ɪɚɡ ɛɨɥɶɲɟ ɤɢɫɥɨɪɨɞɚ, ɱɟɦ ɊɁɆ (ɚɬɨɦ-
ɧɚɹ ɦɚɫɫɚ ɰɟɪɢɹ ɫɨɫɬɚɜɥɹɟɬ 140, ɚɥɸɦɢɧɢɹ – ɪɚɜɧɚ β7). Ʉɪɨɦɟ ɬɨɝɨ, ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɟ 
ɜɤɥɸɱɟɧɢɹ ɝɥɢɧɨɡɟɦɚ ɢɡ-ɡɚ ɢɯ ɦɟɧɶɲɟɣ ɩɥɨɬɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɤɫɢɞɚɦɢ ɊɁɆ ɢɦɟ-
ɸɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɫɤɨɪɨɫɬɶ ɜɫɩɥɵɜɚɧɢɹ (ɩɨ ɩɪɚɜɢɥɭ ɋɬɨɤɫɚ), ɱɟɦ ɜɤɥɸɱɟɧɢɹ ɫɨɟɞɢɧɟ-
ɧɢɣ ɊɁɆ. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɞɚɧɧɵɟ ɨ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɥɚɜɥɟɧɢɹ ɢ ɤɢɩɟɧɢɹ ɠɟɥɟɡɚ ɢ ɊɁɆ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1 Д1βЖ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɢɡɜɟɫɬɧɵɯ ɢɡ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ ɡɧɚɱɟɧɢɣ ɬɟɩɥɨɬɵ 
ɨɛɪɚɡɨɜɚɧɢɹ ɫɨɟɞɢɧɟɧɢɣ ɦɟɬɚɥɥɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɊɁɆ, ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɩɪɢ ɜɡɚɢ-
ɦɨɞɟɣɫɬɜɢɢ ɊɁɆ ɫ ɪɚɫɩɥɚɜɨɦ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɛɪɚɡɭɸɬɫɹ ɛɨɥɟɟ ɬɭɝɨɩɥɚɜɤɢɟ ɨɤɫɢɞɵ, ɚ 
ɡɚɬɟɦ ɫɭɥɶɮɢɞɵ, ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɸɬ ββ00–βγ00 ɢ β000–ββ00°ɋ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɤɫɢɞɵ ɢ ɫɭɥɶɮɢɞɵ ɊɁɆ, ɧɚɯɨɞɹɫɶ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹ-
ɧɢɢ, ɦɨɝɭɬ ɹɜɥɹɬɶɫɹ ɰɟɧɬɪɚɦɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. Ɉɞɧɚɤɨ ɫɤɨɩɥɟɧɢɟ ɝɪɭɛɵɯ ɜɤɥɸɱɟɧɢɣ 
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ɊɁɆ ɞɥɹ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ ɹɜɥɹɟɬɫɹ ɧɟɝɚɬɢɜɧɵɦ ɮɚɤɬɨɪɨɦ, ɩɨɷɬɨɦɭ ɩɟɪɟɞ ɩɪɢ-
ɫɚɞɤɨɣ ɊɁɆ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɢ ɫɟɪɵ ɞɨɥɠɧɨ ɛɵɬɶ ɦɢɧɢɦɚɥɶɧɵɦ. 

Ɍɚɛɥɢɰɚ 1 
Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɠɟɥɟɡɚ 

Ɇɟɬɚɥɥ Ɍɟɦɩɟɪɚɬɭɪɚ, °ɋ Ɍɟɩɥɨɬɚ ɢɫɩɚɪɟɧɢɹ, 
ɤɤɚɥ/ɦɨɥɶ ɩɥɚɜɥɟɧɢɹ ɤɢɩɟɧɢɹ 

Ʌɚɧɬɚɧ 920 4516 96 
ɐɟɪɢɣ 795 3599 95 
ɇɟɨɞɢɦ 1024 3299 69 

Ƚɚɞɨɥɢɧɢɣ 1312 3273 72 
Ⱦɢɫɩɪɨɡɢɣ 1407 2873 67 
ɂɬɬɪɢɣ 1509 3200 93 
ɀɟɥɟɡɨ 1536 2859 81 

 
Ȼɥɚɝɨɞɚɪɹ ɫɧɢɠɟɧɢɸ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ ɜ ɪɚɫɩɥɚɜɟ ɩɨɜɵɲɚɟɬɫɹ ɞɨɥɹ ɊɁɆ, 

ɭɱɚɫɬɜɭɸɳɚɹ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɫɭɥɶɮɢɞɨɜ Д1γЖ. ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɝɥɭɛɨɤɨɟ ɪɚɫɤɢɫɥɟɧɢɟ ɪɚɫɩɥɚɜɚ ɢ ɲɥɚɤɚ ɢ ɨɛɟɫɩɟɱɢɬɶ ɞɨɡɢɪɨɜɚɧɧɨɟ 
ɜɜɟɞɟɧɢɟ ɫɨɟɞɢɧɟɧɢɣ ɊɁɆ ɜ ɲɥɚɤ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɩɥɚɜɚ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɪɨɜɟɞɟɧɧɵɣ ɪɚɫɱɟɬ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɚɥɸɦɢɧɢɹ ɩɨɞ 
ɲɥɚɤɨɦ ɧɚ ɨɫɧɨɜɟ CaF2 ɩɪɢ ɗɒɉ ɫɬɚɥɢ ȼɇɋ-65 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1600°ɋ ɩɨɡɜɨɥɢɥ 
ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɢɫɥɨɪɨɞɚ ɢ ɚɥɸɦɢɧɢɹ ɜ ɠɟɥɟɡɟ (ɬɚɛɥ. β). 
 

Ɍɚɛɥɢɰɚ 2 
ɉɚɪɚɦɟɬɪɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɷɥɟɦɟɧɬɨɜ ɫɬɚɥɢ ȼɇɋ-65  

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1600°ɋ Д14, 15Ж 
ɗɥɟɦɟɧɬ ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɚ ɜ ɫɬɚɥɢ 

ȼɇɋ-65, % (ɩɨ ɦɚɫɫɟ) 
ɉɚɪɚɦɟɬɪ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

eɈ
j eAl

j 
ɍɝɥɟɪɨɞ 0,18 -0,45 +0,091 
Ʉɪɟɦɧɢɣ 1,3 -0,133 +0,0056 
Ɇɚɪɝɚɧɟɰ 0,1 -0,021 -0,013 
ɏɪɨɦ 12,6 -0,028 +0,0034 
ɇɢɤɟɥɶ 3,40 +0,06 -0,013 

Ɇɨɥɢɛɞɟɧ 2,45 +0,0075 +0,0084 
Ⱥɥɸɦɢɧɢɣ 0,01 -0,96 +0,050 

Ⱥɡɨɬ 0,1 +0,057 -0,06 
Ʉɨɛɚɥɶɬ 3,7 +0,0057 -0,009 

 
ɉɪɢ ɪɚɫɱɟɬɟ ɩɪɢɧɹɥɢ, ɱɬɨ ɩɪɢ ɪɚɜɧɨɜɟɫɢɢ ɦɟɠɞɭ ɦɟɬɚɥɥɨɦ ɢ ɲɥɚɤɨɦ ɩɪɢ ɗɒɉ 

ɩɨɞ ɮɥɸɫɨɦ ȺɇɎ-1 ɜɟɫɶ ɤɢɫɥɨɪɨɞ ɩɪɢ 1600°ɋ ɛɭɞɟɬ ɪɚɫɬɜɨɪɟɧ ɜ ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɪɚɫ-
ɩɥɚɜɟ. ɉɪɢ ɫɨɞɟɪɠɚɧɢɢ ɚɥɸɦɢɧɢɹ 0,01% (ɩɨ ɦɚɫɫɟ) ɪɚɜɧɨɜɟɫɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨ-
ɪɨɞɚ ɜ ɦɟɬɚɥɥɟ ɫɨɫɬɚɜɢɬ: ДO]Al=0,0008% (ɩɨ ɦɚɫɫɟ) [16]. 

ɇɚɩɪɢɦɟɪ, ɪɚɫɱɟɬɵ ɩɨ ɭɪɚɜɧɟɧɢɹɦ ɪɚɜɧɨɜɟɫɧɵɯ ɫ ɥɚɧɬɚɧɨɦ ɢ ɚɥɸɦɢɧɢɟɦ ɩɪɢ 
1600°ɋ ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɢɫɥɨɪɨɞɚ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɢɦɟɧɧɨ ɥɚɧɬɚɧ ɨɩɪɟɞɟɥɹɟɬ ɫɨɞɟɪɠɚ-
ɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ ɦɟɬɚɥɥɟ. Ɉɞɧɚɤɨ ɢɡɜɟɫɬɧɨ Д17Ж, ɱɬɨ ɞɥɹ ɫɧɢɠɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɧɟɦɟɬɚɥ-
ɥɢɱɟɫɤɢɯ ɜɤɥɸɱɟɧɢɣ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɦɨɞɢɮɢɰɢɪɭɸɳɟɝɨ ɞɟɣɫɬɜɢɹ ɥɚɧɬɚɧɚ ɩɟɪɟɞ ɟɝɨ 
ɩɪɢɫɚɞɤɨɣ ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɫɧɢɡɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɩɭɬɟɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 
ɪɚɫɤɢɫɥɟɧɢɹ ɪɚɫɩɥɚɜɚ ɚɥɸɦɢɧɢɟɦ. 

Ɋɟɚɤɰɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɥɚɧɬɚɧɚ ɫ ɤɢɫɥɨɪɨɞɨɦ ɜ ɪɚɫɩɥɚɜɟ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟ-
ɧɢɟɦ: 
                                                        2[La]+3[O]=(La2O3).                                                        (1) 
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ɉɨ ɞɚɧɧɵɦ ɪɚɛɨɬɵ Д16Ж ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ ɪɟɚɤ-
ɰɢɢ (1) ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  
                                                    lgKLa2O3=-70270/T+21,14.                                                    (2) 

Ɋɚɜɧɨɜɟɫɧɨɟ ɫ ɥɚɧɬɚɧɨɦ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɨɩɢɫɵɜɚɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ: 
                                   lg[Ɉ]=-5,459-2/3lg[La]+0,97[LaЖ+1/γ∙ХРaLa2O3.                                   (3) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɚɫɩɥɚɜɟ ɫɬɚɥɢ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɥɚɧɬɚɧɚ ДLa]=0,001% (ɩɨ ɦɚɫɫɟ) 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1600°ɋ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɫɨɫɬɚɜɥɹɟɬ ДO]=0,0004% 
(ɩɨ ɦɚɫɫɟ) [18]. 

ɂɫɫɥɟɞɨɜɚɧɵ ɢ ɜɵɛɪɚɧɵ ɤɨɦɩɨɡɢɰɢɢ ɪɚɮɢɧɢɪɭɸɳɢɯ ɲɥɚɤɨɜɵɯ ɫɦɟɫɟɣ, ɨɛɥɚ-
ɞɚɸɳɢɟ ɩɨɜɵɲɟɧɧɵɦ ɪɚɮɢɧɢɪɭɸɳɢɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɩɪɢ ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɢɢ ɊɁɆ ɜɵ-
ɫɨɤɨɩɪɨɱɧɨɣ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɨɣ ɚɡɨɬɫɨɞɟɪɠɚɳɟɣ ɫɬɚɥɢ ȼɇɋ-65. ȼ ɤɚɱɟɫɬɜɟ ɪɚɮɢɧɢ-
ɪɭɸɳɢɯ ɲɥɚɤɨɜɵɯ ɫɦɟɫɟɣ ɞɥɹ ɗɒɉ ɷɥɟɤɬɪɨɞɨɜ ɢɡ ɫɬɚɥɢ ȼɇɋ-65 ɜɵɛɪɚɧɵ ɤɨɦɩɨɡɢɰɢɢ 
ɧɚ ɨɫɧɨɜɟ ɫɨɟɞɢɧɟɧɢɹ CaF2 ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɨɤɫɢɞɨɜ ɊɁɆ, ɜ ɱɚɫɬɧɨɫɬɢ – ɥɚɧɬɚɧɚ ɢ  
ɢɬɬɪɢɹ. 

ɉɪɢ ɜɵɩɥɚɜɤɟ ɪɚɫɯɨɞɭɟɦɵɯ ɷɥɟɤɬɪɨɞɨɜ ɩɟɪɟɞ ɗɒɉ ɫɬɚɥɢ ȼɇɋ-65 ɨɩɪɨɛɨɜɚɧɵ 
ɪɚɡɥɢɱɧɵɟ ɊɁɆ ɢ ɫɩɨɫɨɛɵ ɢɯ ɜɜɟɞɟɧɢɹ, ɚ ɬɚɤɠɟ ɧɨɜɚɹ ɲɥɚɤɨɜɚɹ ɤɨɦɩɨɡɢɰɢɹ ɧɚ ɨɫɧɨɜɟ 
ɫɨɟɞɢɧɟɧɢɹ CaF2 ɫ ɞɨɛɚɜɤɚɦɢ ɊɁɆ. 

ɉɨ ɜɚɪɢɚɧɬɭ 1 ɜɵɩɥɚɜɤɭ ɪɚɫɯɨɞɭɟɦɵɯ ɷɥɟɤɬɪɨɞɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɢɧɞɭɤɰɢɨɧɧɨɣ 
ɩɟɱɢ ɨɬɤɪɵɬɨɝɨ ɬɢɩɚ ɂɋɌ-0,05 ɫ ɟɦɤɨɫɬɶɸ ɬɢɝɥɹ 50 ɤɝ ɢ ɫ ɪɚɡɥɢɜɤɨɣ ɪɚɫɯɨɞɭɟɦɵɯ 
ɷɥɟɤɬɪɨɞɨɜ ɜ ɫɬɚɥɶɧɵɟ ɬɪɭɛɵ 90 ɦɦ. Ɋɟɞɤɨɡɟɦɟɥɶɧɵɟ ɦɟɬɚɥɥɵ ɜɜɨɞɢɥɢ ɜ ɩɪɟɞɜɚɪɢ-
ɬɟɥɶɧɨ ɪɚɫɤɢɫɥɟɧɧɵɣ ɪɚɫɩɥɚɜ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɪɟɫɫ-ɚɧɚɥɢɡɚ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɫɨ-
ɞɟɪɠɚɧɢɹ ɭɝɥɟɪɨɞɚ ɢ ɚɡɨɬɚ. Ɉɛɬɨɱɟɧɧɵɟ ɷɥɟɤɬɪɨɞɵ ɩɟɪɟɩɥɚɜɥɹɥɢ ɜ ɩɟɱɢ Ⱦɗɒɉ-0,1 ɩɨ 
ɫɬɚɧɞɚɪɬɧɨɦɭ ɪɟɠɢɦɭ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɫ ɜɧɭɬɪɟɧɧɢɦ 1γ0 ɦɦ. 

ɉɨ ɜɚɪɢɚɧɬɭ 2 ɞɨɡɢɪɨɜɚɧɧɨɟ ɜɜɟɞɟɧɢɟ ɊɁɆ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɩɪɨɰɟɫɫɟ ɗɒɉ ɪɚɫ-
ɯɨɞɭɟɦɵɯ ɷɥɟɤɬɪɨɞɨɜ ɜ ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɣ ɩɟɱɢ Ⱦɗɒɉ-0,1. 

ɉɨ ɜɚɪɢɚɧɬɭ 3 ɥɟɝɢɪɨɜɚɧɢɟ ɊɁɆ ɢɡ ɲɥɚɤɨɜɨɣ ɮɚɡɵ (ɡɚ ɫɱɟɬ ɪɚɮɢɧɢɪɭɸɳɢɯ 
ɲɥɚɤɨɜɵɯ ɫɦɟɫɟɣ) ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɩɥɚɜɚ ɪɚɫɯɨɞɭɟɦɵɯ ɷɥɟɤɬɪɨɞɨɜ ɜ ɷɥɟɤ-
ɬɪɨɲɥɚɤɨɜɨɣ ɩɟɱɢ Ⱦɗɒɉ-0,1. Ɉɤɫɢɞɵ ɥɚɧɬɚɧɚ ɢ ɢɬɬɪɢɹ ɜɜɨɞɢɥɢ ɜ ɲɥɚɤɨɜɭɸ ɫɢɫɬɟɦɭ 
ɞɥɹ ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɢɹ ɫɬɚɥɢ ȼɇɋ-65 ɢ ɫɧɢɠɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɜ ɧɟɣ ɩɪɢɦɟɫɟɣ. Ɉɞɧɨ-
ɜɪɟɦɟɧɧɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɨɜɵɯ ɲɥɚɤɨɜɵɯ ɫɦɟɫɟɣ ɜ ɦɟɬɚɥɥ ɜɜɨɞɢɥɢ ɝɚɞɨɥɢɧɢɣ ɢɡ 
ɪɚɫɱɟɬɚ 0,05% (ɩɨ ɦɚɫɫɟ). 

ɒɥɚɤɨɜɵɟ ɫɦɟɫɢ ɩɨɞɝɨɬɚɜɥɢɜɚɥɢ ɩɭɬɟɦ ɫɦɟɲɟɧɢɹ ɩɨɪɨɲɤɨɜ ɤɨɦɩɨɧɟɧɬɨɜ ɫ ɩɨ-
ɫɥɟɞɭɸɳɟɣ ɩɪɨɤɚɥɤɨɣ ɜ ɩɟɱɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 900°ɋ ɜ ɬɟɱɟɧɢɟ 4–6 ɱ ɞɥɹ ɭɞɚɥɟɧɢɹ ɝɢɞ-
ɪɚɬɧɨɣ ɜɥɚɝɢ. 

ɇɚɱɚɥɨ ɩɪɨɰɟɫɫɚ ɜɟɥɢ ɜ ɪɟɠɢɦɟ «ɬɜɟɪɞɨɝɨ ɫɬɚɪɬɚ», ɩɪɢ ɤɨɬɨɪɨɦ ɧɚɜɟɞɟɧɢɟ ɠɢɞ-
ɤɨɣ ɜɚɧɧɵ ɩɪɨɢɫɯɨɞɢɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ. Ɋɚɫɤɢɫɥɟɧɢɟ ɪɚɫɩɥɚɜɚ ɩɪɨ-
ɜɨɞɢɥɢ ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ ɜ ɧɟɝɨ ɚɥɸɦɢɧɢɟɜɵɯ ɝɪɚɧɭɥ ɢɡ ɪɚɫɱɟɬɚ 0,β% ɨɬ ɦɚɫɫɵ ɷɥɟɤɬɪɨɞɚ. 

ȼ ɜɚɪɢɚɧɬɚɯ ɜɵɩɥɚɜɨɤ 1 ɢ 2 ɢɫɩɨɥɶɡɨɜɚɥɢ ɥɚɧɬɚɧ, ɰɟɪɢɣ, ɧɟɨɞɢɦ, ɝɚɞɨɥɢɧɢɣ, 
ɞɢɫɩɪɨɡɢɣ ɢ ɢɬɬɪɢɣ ɜ ɤɨɥɢɱɟɫɬɜɟ 0,05% (ɤɚɠɞɨɝɨ) ɨɬ ɦɚɫɫɵ ɪɚɫɩɥɚɜɚ. ȼ ɜɚɪɢɚɧɬɟ 3 ɜ 
ɤɚɱɟɫɬɜɟ ɪɚɮɢɧɢɪɭɸɳɢɯ ɲɥɚɤɨɜɵɯ ɫɦɟɫɟɣ ɞɥɹ ɗɒɉ ɷɥɟɤɬɪɨɞɨɜ ɢɡ ɫɬɚɥɢ ȼɇɋ-65 
ɜɵɛɪɚɧɵ ɤɨɦɩɨɡɢɰɢɢ ɧɚ ɨɫɧɨɜɟ ɫɨɟɞɢɧɟɧɢɹ CaF2 ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɨɤɫɢɞɨɜ ɊɁɆ, ɜ ɱɚɫɬ-
ɧɨɫɬɢ – ɥɚɧɬɚɧɚ ɢ ɢɬɬɪɢɹ, ɢɡ ɪɚɫɱɟɬɚ 10% ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɲɥɚɤɚ. 

Ɋɟɚɤɰɢɢ, ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɨɫɧɨɜɧɨɦ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ «ɲɥɚɤ–ɦɟɬɚɥɥ», ɹɜɥɹɸɬɫɹ 
ɨɫɧɨɜɧɵɦɢ ɩɪɢ ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɢɢ ɊɁɆ (ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɥɚɧɬɚɧɚ ɢ ɢɬɬɪɢɹ ɢɡ ɲɥɚɤɚ) ɢ 
ɪɚɮɢɧɢɪɨɜɚɧɢɢ (ɞɟɫɭɥɶɮɭɪɚɰɢɹ ɢ ɪɚɫɤɢɫɥɟɧɢɟ) ɦɟɬɚɥɥɚ. 

Ɍɚɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɗɒɉ, ɤɚɤ ɪɚɡɜɢɬɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɪɟɚɝɢɪɨɜɚɧɢɹ ɦɟɬɚɥɥɚ ɫɨ 
ɲɥɚɤɨɦ ɢ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɢɯ ɤɨɧɬɚɤɬɚ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɢɧɬɟɧɫɢɜɧɨɟ 
ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɲɥɚɤɚ, ɩɨɡɜɨɥɹɸɬ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɲɥɚɤɨɜɨɣ ɢ ɦɟ-
ɬɚɥɥɢɱɟɫɤɨɣ ɜɚɧɧ ɩɪɢ ɩɟɪɟɩɥɚɜɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɨɫɬɨɹɧɢɟ, ɛɥɢɡɤɨɟ ɤ ɪɚɜɧɨɜɟɫɧɨɦɭ. 
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ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢɜɟɞɟɧɧɵɯ ɤɨɦɩɨɡɢɰɢɣ 1–3 ɜ ɭɫɥɨɜɢɹɯ ɪɚɫɤɢɫɥɟɧɢɹ ɲɥɚɤɚ 
ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɞɟɫɭɥɶɮɭɪɚɰɢɸ ɢ ɭɞɚɥɟɧɢɟ ɤɢɫɥɨɪɨɞɚ ɢɡ ɦɟɬɚɥɥɚ, ɚ ɬɚɤɠɟ ɟɝɨ 
ɥɟɝɢɪɨɜɚɧɢɟ ɪɟɞɤɨɡɟɦɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ. 

ɂɡɦɟɧɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɥɚɧɬɚɧɚ ɢ ɤɢɫɥɨɪɨɞɚ ɜ ɫɥɢɬɤɚɯ ɩɨɫɥɟ ɗɒɉ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɢɹ ɫɬɚɥɢ ȼɇC-65 (ɪɢɫ. 1) ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɨɣ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ. ɉɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɦ ɫɨɞɟɪɠɚɧɢɢ ɜ ɦɟɬɚɥɥɟ ɥɚɧɬɚɧɚ 
ɭɞɚɟɬɫɹ ɩɨɥɭɱɢɬɶ ɧɢɡɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɢ ɫɟɪɵ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɨɟ ɫɨ-
ɞɟɪɠɚɧɢɟ ɚɥɸɦɢɧɢɹ (з0,04% (ɩɨ ɦɚɫɫɟ)). 

 

 
 

Ɋɢɫ. 1. ɂɡɦɟɧɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɥɚɧɬɚɧɚ (■) ɢ ɫɟɪɵ (●) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɤɢɫɥɨɪɨ-
ɞɚ ɜ ɦɟɬɚɥɥɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɢɹ ɫɬɚɥɢ ȼɇC-65 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɮɢɧɢɪɭɸɳɢɯ 
ɲɥɚɤɨɜɵɯ ɫɦɟɫɟɣ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ 

 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɨɩɵɬɧɵɯ ɩɥɚɜɨɤ ɩɨɡɜɨɥɹɸɬ ɨɰɟɧɢɬɶ ɷɮɮɟɤɬ ɦɢɤɪɨɥɟɝɢ-

ɪɨɜɚɧɢɹ ɦɟɬɚɥɥɚ ɪɟɞɤɨɡɟɦɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɢɡ ɲɥɚɤɨɜɨɣ ɮɚɡɵ. ȼɵɛɪɚɧɧɵɟ ɬɟɯɧɨ-
ɥɨɝɢɱɟɫɤɢɟ ɫɯɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ ɢ ɪɚɫɤɢɫɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɤɨɦɩɨɡɢɰɢɹ ɲɥɚɤɨɜɨɣ ɫɦɟɫɢ,  
% (ɩɨ ɦɚɫɫɟ): 85CaF2–10La2O3, ɩɨɡɜɨɥɹɸɬ ɨɛɟɫɩɟɱɢɬɶ ɩɨɜɵɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɥɚɧɬɚɧɚ 
ɜ ɫɬɚɥɢ ɞɨ 0,01% (ɩɨ ɦɚɫɫɟ) ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɲɥɚɤɟ 10% (ɩɨ ɦɚɫɫɟ) La2O3 ɩɪɢ ɨɞ-
ɧɨɜɪɟɦɟɧɧɨɦ ɫɧɢɠɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɤɢɫɥɨɪɨɞɚ (ɧɚ γ0–50% ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ ɜ 
ɷɥɟɤɬɪɨɞɟ). Ʉɨɦɩɨɡɢɰɢɹ ɲɥɚɤɨɜɨɣ ɫɦɟɫɢ ɫ ɨɤɫɢɞɨɦ ɢɬɬɪɢɹ ɩɨɤɚɡɚɥɚ ɛɨɥɟɟ ɧɢɡɤɭɸ ɷɮ-
ɮɟɤɬɢɜɧɨɫɬɶ ɜ ɪɚɮɢɧɢɪɨɜɚɧɢɢ ɦɟɬɚɥɥɚ ɨɬ ɤɢɫɥɨɪɨɞɚ ɢ ɫɟɪɵ, ɚ ɬɚɤɠɟ ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɢɢ 
ɫɬɚɥɢ ȼɇɋ-65 ɪɟɞɤɨɡɟɦɟɥɶɧɵɦɢ ɦɟɬɚɥɥɚɦɢ. 

Ɍɚɤ, ɜ ɩɪɨɰɟɫɫɟ ɩɥɚɜɤɢ 5 ɩɪɢ ɤɨɥɢɱɟɫɬɜɟ ɥɚɧɬɚɧɚ ɜ ɫɬɚɥɢ ɧɚ ɭɪɨɜɧɟ 0,009% (ɩɨ 
ɦɚɫɫɟ) ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɫɧɢɠɚɟɬɫɹ ɢ ɞɨɫɬɢɝɚɟɬ 45 ppm, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɩɪɢɜɟ-
ɞɟɧɧɵɦɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɪɚɫɱɟɬɚɦɢ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ. ɋɨ-
ɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ ɦɟɬɚɥɥɟ ɩɪɢ ɷɬɨɦ ɫɧɢɠɟɧɨ ɧɚ γ5 ppm (ɞɨ 10 ppm). 

ɂɫɫɥɟɞɨɜɚɧɧɵɟ ɨɛɪɚɡɰɵ ɫɥɢɬɤɨɜ ɜɫɟɯ ɩɥɚɜɨɤ ɩɨɤɚɡɚɥɢ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɢ 
ɫɟɪɵ ɜ ɩɪɟɞɟɥɚɯ: ≤0,01 ɢ ≤0,005% (ɩɨ ɦɚɫɫɟ) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɋɟɡɭɥɶɬɚɬɵ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɨ ɨɫɬɚɬɨɱɧɨɦɭ ɫɨɞɟɪɠɚɧɢɸ ɊɁɆ, ɜɜɨɞɢɦɵɯ 
ɩɪɢ ɜɵɩɥɚɜɤɟ ɢ ɩɟɪɟɩɥɚɜɟ, ɢ ɩɪɢɦɟɫɟɣ (ɫɟɪɚ, ɤɢɫɥɨɪɨɞ) ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. γ. Ɋɟɞɤɨɡɟ-
ɦɟɥɶɧɵɟ ɦɟɬɚɥɥɵ ɜ ɱɢɫɬɨɦ ɜɢɞɟ (Nd, Dy, Tb, Gd) ɢ ɜ ɜɢɞɟ ɥɢɝɚɬɭɪ (NiY, NiLa, NiCe) 
ɜɜɨɞɢɥɢ ɜ ɤɨɧɰɟ ɨɬɤɪɵɬɨɣ ɩɥɚɜɤɢ, ɨɤɫɢɞɵ ɊɁɆ (La2O3, Y2O3) ɩɪɢɦɟɧɹɥɢ ɜ ɲɥɚɤɚɯ ɩɪɢ 
ɜɵɩɥɚɜɤɟ ɢ ɩɟɪɟɩɥɚɜɟ. 
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ɋɨɜɦɟɫɬɧɨɟ ɜɜɟɞɟɧɢɟ ɝɚɞɨɥɢɧɢɹ ɢ ɨɤɫɢɞɨɜ ɊɁɆ ɜ ɫɨɫɬɚɜ ɧɨɜɨɣ ɲɥɚɤɨɜɨɣ ɤɨɦɩɨ-
ɡɢɰɢɢ ɩɨɡɜɨɥɢɥɨ ɩɨɜɵɫɢɬɶ ɭɫɜɨɟɧɢɟ ɊɁɆ ɪɚɫɩɥɚɜɨɦ ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ ɜ ɧɟɦ ɫɨ-
ɞɟɪɠɚɧɢɟ ɫɟɪɵ ɢ ɤɢɫɥɨɪɨɞɚ. 

 

Ɍɚɛɥɢɰɚ 3 
ɋɨɞɟɪɠɚɧɢɟ ɩɪɢɦɟɫɟɣ ɢ ɨɫɬɚɬɨɱɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɊɁɆ ɜ ɫɬɚɥɢ ȼɇɋ-65  

ɍɫɥɨɜɧɵɣ 
ɧɨɦɟɪ  
ɩɥɚɜɤɢ 

ɋɨɞɟɪɠɚɧɢɟ, % (ɩɨ ɦɚɫɫɟ) 
ɩɪɢɦɟɫɟɣ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ 

S O La Ce Y Gd Dy Nd Tb 
1 0,005 0,0031 0,0001 0,0012 0,0001 – 0,00005 – – 
2 0,0045 0,003 0,0002 0,0007 0,0001 – 0,00007 0,0002 – 
3 0,0045 0,0037 0,0007 0,0017 0,0003 0,00027 – – 0,0005 
4 0,0041 0,0035 0,0006 0,0015 0,0003 0,00021 – – – 
5 0,0015 0,0045 0,0011 0,0006 0,0005 0,0004 – – – 
6 0,0017 0,0028 0,0011 0,0033 0,0004 0,0008 – – – 
 
ɉɪɨɜɟɞɟɧɧɨɟ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ (ɪɢɫ. β) ɨɛɪɚɡɰɨɜ, ɫɨɞɟɪɠɚɳɢɯ 

ɝɚɞɨɥɢɧɢɣ, ɧɟɨɞɢɦ ɢ ɞɢɫɩɪɨɡɢɣ, ɩɨɤɚɡɚɥɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɚɞɨɥɢɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɥɟ-
ɝɢɪɭɸɳɟɝɨ ɊɁɆ ɜ ɫɬɚɥɢ ȼɇɋ-65 ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɭɱɟɧɢɟ ɧɚɢɛɨɥɟɟ ɱɢɫɬɨɝɨ ɦɟɬɚɥɥɚ ɩɨ 
ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɦ ɜɤɥɸɱɟɧɢɹɦ (ɜ ɱɚɫɬɧɨɫɬɢ, ɨɤɫɢɞɚɦ). Ɍɚɤ, ɜ ɫɬɚɥɢ ɫ Gd ɫɨɞɟɪɠɚɧɢɟ 
ɨɤɫɢɞɨɜ ɬɨɱɟɱɧɵɯ (ɈɌ) ɫɨɨɬɜɟɬɫɬɜɭɟɬ 1 ɛɚɥɥɭ ɩɨ ȽɈɋɌ 1778–70 (ɪɢɫ. β, ɚ), ɩɪɢ ɷɬɨɦ ɜ 
ɫɬɚɥɢ ɫ Nd ɢ ɫ Nd+Dy ɤɨɥɢɱɟɫɬɜɨ ɈɌ ɧɚɯɨɞɢɬɫɹ ɧɚ ɭɪɨɜɧɟ β–γ ɛɚɥɥɚ (ɪɢɫ. β, ɛ, ɜ), ɱɬɨ 
ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɢɛɨɥɶɲɢɦ ɯɢɦɢɱɟɫɤɢɦ ɫɪɨɞɫɬɜɨɦ ɝɚɞɨɥɢɧɢɹ ɤ ɤɢɫɥɨɪɨɞɭ (ɩɨ ɫɪɚɜɧɟɧɢɸ 
ɫ ɧɟɨɞɢɦɨɦ ɢ ɞɢɫɩɪɨɡɢɟɦ), ɤɨɬɨɪɵɣ ɜ ɩɪɨɰɟɫɫɟ ɜɵɩɥɚɜɤɢ ɫɜɹɡɵɜɚɟɬ ɤɢɫɥɨɪɨɞ ɜ ɨɤɫɢɞɵ 
ɢ ɜɵɜɨɞɢɬ ɢɯ ɢɡ ɪɚɫɩɥɚɜɚ. 

 
Ɋɢɫ. β. Ɉɰɟɧɤɚ ɫɨɞɟɪɠɚɧɢɹ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɜɤɥɸɱɟɧɢɣ ɜ ɩɥɚɜɤɚɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ 

ɥɟɝɢɪɭɸɳɢɯ ɊɁɆ: ɝɚɞɨɥɢɧɢɹ (ɚ), ɧɟɨɞɢɦɚ ɫ ɞɢɫɩɪɨɡɢɟɦ (ɛ) ɢ ɧɟɨɞɢɦɚ (ɜ) 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɢɫɩɵɬɚɧɢɣ ɜɵɛɪɚɧɚ ɲɥɚɤɨɜɚɹ ɤɨɦɩɨɡɢɰɢɹ, ɜɤɥɸɱɚɸɳɚɹ ɨɤɫɢɞ ɥɚɧɬɚɧɚ, ɩɪɢɦɟɧɹɟɦɚɹ 
ɫɨɜɦɟɫɬɧɨ ɫ ɜɜɟɞɟɧɢɟɦ ɜ ɩɪɨɰɟɫɫɟ ɗɒɉ ɝɚɞɨɥɢɧɢɹ. Ɇɢɤɪɨɥɟɝɢɪɨɜɚɧɢɟ ɩɭɬɟɦ ɜɨɫɫɬɚ-
ɧɨɜɥɟɧɢɹ ɊɁɆ ɜ ɦɟɬɚɥɥɟ ɱɟɪɟɡ ɲɥɚɤ ɨɤɚɡɚɥɨɫɶ ɛɨɥɟɟ ɬɟɯɧɨɥɨɝɢɱɧɵɦ ɩɪɨɰɟɫɫɨɦ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɜɜɟɞɟɧɢɟɦ ɜ ɪɚɫɩɥɚɜ ɊɁɆ ɜ ɫɨɫɬɚɜɟ ɥɢɝɚɬɭɪ, ɨɫɨɛɟɧɧɨ ɜ ɱɢɫɬɨɦ ɜɢɞɟ. ɉɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɲɥɚɤɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɨɤɫɢɞɵ ɊɁɆ, ɤɨɥɢɱɟɫɬɜɨ ɊɁɆ ɩɪɢ ɜɵɩɥɚɜɤɟ ɦɟɧɹ-
ɟɬɫɹ ɨɬ 0 ɞɨ 0,01% (ɩɨ ɦɚɫɫɟ), ɚ ɜ ɩɪɨɰɟɫɫɟ ɗɒɉ ɩɟɪɟɯɨɞ ɊɁɆ ɢɡ ɲɥɚɤɨɜɨɣ ɮɚɡɵ ɜ ɦɟ-
ɬɚɥɥ ɟɳɟ ɜɵɲɟ – ɫɨɞɟɪɠɚɧɢɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ 0,0γ% (ɩɨ ɦɚɫɫɟ). ɉɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɟɬ-
ɫɹ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɊɁɆ ɩɨ ɜɫɟɦɭ ɫɟɱɟɧɢɸ ɫɥɢɬɤɚ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɯɢɦɢɱɟɫɤɨɝɨ ɢ ɝɚɡɨɜɨɝɨ ɚɧɚɥɢɡɨɜ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɚɹ 
ɬɟɯɧɨɥɨɝɢɹ, ɫɨɱɟɬɚɸɳɚɹ ɨɬɤɪɵɬɭɸ ɜɵɩɥɚɜɤɭ ɢ ɗɒɉ, ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɢɟ ɊɁɆ ɢɡ ɲɥɚɤɨ-
ɜɨɣ ɮɚɡɵ ɢ ɱɢɫɬɵɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɧɨɜɵɯ ɲɥɚɤɨɜɵɯ ɫɦɟɫɟɣ, ɩɨɡɜɨɥɹɟɬ 
ɨɛɟɫɩɟɱɢɬɶ ɫɬɚɛɢɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ (ɬɚɛɥ. 4): ɫɟɪɵ –ɞɨ з0,005% (ɩɨ 
ɦɚɫɫɟ); ɤɢɫɥɨɪɨɞɚ – ɞɨ з0,004% (ɩɨ ɦɚɫɫɟ). 
 

Ɍɚɛɥɢɰɚ 4 
ɋɨɞɟɪɠɚɧɢɟ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ ɜ ɫɬɚɥɢ ȼɇɋ-65 

ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ ɩɥɚɜɤɢ ɋɨɞɟɪɠɚɧɢɟ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ, % (ɩɨ ɦɚɫɫɟ) 
S O 

1 0,0050 0,0031 
2 0,0045 0,0030 
3 0,0015 0,0026 
4 0,0017 0,0028 
5 0,0045 0,0037 
6 0,0038 0,0032 

 
ɇɢɡɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜɤɥɸɱɟɧɢɣ ɨɤɚɡɵɜɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɜɨɣɫɬɜɚ 

ɫɬɚɥɢ ȼɇC-65 ɩɥɚɜɨɤ 5 ɢ 6, ɥɟɝɢɪɨɜɚɧɧɵɯ ɊɁɆ, ɤɚɤ ɜ ɩɪɨɞɨɥɶɧɨɦ, ɬɚɤ ɢ ɩɨɩɟɪɟɱɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɹɯ ɜɨɥɨɤɧɚ ɩɨɥɭɮɚɛɪɢɤɚɬɚ (ɬɚɛɥ. 5). 
 

Ɍɚɛɥɢɰɚ 5 
Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ* (ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ) ɨɩɵɬɧɨɣ ɩɚɪɬɢɢ ɫɬɚɥɢ ȼɇɋ-65  

ɍɫɥɨɜɧɵɣ  
ɧɨɦɟɪ  
ɩɥɚɜɤɢ 

ɉɪɭɬɨɤ ɋɭɬɭɧɤɚ  
(ɩɪɨɞɨɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ) 

ɋɭɬɭɧɤɚ  
(ɩɨɩɟɪɟɱɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ) 

σɜ, ɇ/ɦɦ2 δ, % σɜ, ɇ/ɦɦ2 δ, % σɜ, ɇ/ɦɦ2 δ, % 
1 1820 15 1800 16 1790 15 
2 1825 16 1790 15 1780 15 
3 1830 16 1810 16 1800 16 
4 1835 17 1820 17 1820 17 
5 1840 19 1820 19 1825 19 
6 1830 18 1835 18 1800 17 

* Ɍɪɟɛɨɜɚɧɢɹ ɩɨ Ɍɍ: σɜ≥1670 ɇ/ɦɦ2; δ ≥15%. 
 
ȼɵɛɪɚɧɚ ɢ ɨɛɨɫɧɨɜɚɧɚ ɦɟɬɨɞɢɤɚ ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɢɹ ɊɁɆ (ɢɡ ɲɥɚɤɨɜɨɣ ɮɚɡɵ) 

ɫɬɚɥɢ ȼɇɋ-65 ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɮɢɧɢɪɭɸɳɢɯ ɲɥɚɤɨɜɵɯ ɫɦɟɫɟɣ ɩɪɢ ɗɒɉ. 
ɉɪɨɜɟɞɟɧɧɵɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɢɫɩɵɬɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɤɚɡɚɥɢ, ɱɬɨ 

ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɢ ɩɥɚɫɬɢɱɧɨɫɬɶ (ɬɚɛɥ. 5), ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɛɪɚɡɰɚɯ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ 
ɨɩɵɬɧɨɣ ɩɚɪɬɢɢ ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɨɣ ɚɡɨɬɫɨɞɟɪɠɚɳɟɣ ɫɬɚɥɢ ȼɇɋ-65, 
ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɧɨɣ ɊɁɆ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɮɢɧɢɪɭɸɳɢɯ ɲɥɚɤɨɜɵɯ ɫɦɟɫɟɣ ɧɨɜɨɝɨ ɩɨ-
ɤɨɥɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɟɛɨɜɚɧɢɹɦ Ɍɍ. 
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ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɞɟɜɹɬɢ ɨɛɪɚɡɰɚɯ ɢɡ ɨɞɧɨɝɨ ɫɥɢɬɤɚ (γ ɨɛɪɚɡɰɚ ɜɵɪɟɡɚɧɨ 
ɢɡ ɩɪɭɬɤɚ, γ ɨɛɪɚɡɰɚ – ɢɡ ɫɭɬɭɧɤɢ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, γ ɨɛɪɚɡɰɚ – ɢɡ ɫɭɬɭɧɤɢ ɜ 
ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ). ɋɜɨɣɫɬɜɚ, ɭɤɚɡɚɧɧɵɟ ɜ Ɍɍ14-131-1009–β000, ɩɪɢɜɟɞɟɧɵ ɞɥɹ 
ɨɛɪɚɡɰɨɜ, ɜɵɪɟɡɚɧɧɵɯ ɢɡ ɩɪɭɬɤɨɜ ɢ ɫɭɬɭɧɨɤ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. Ɇɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ, ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɦɟɬɚɥɥɚ ɨɩɵɬɧɨɣ ɩɚɪɬɢɢ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɭɞɨɜɥɟ-
ɬɜɨɪɹɸɬ ɬɪɟɛɨɜɚɧɢɹɦ Ɍɍ14-131-1009–β000 (ɞɥɹ ɩɪɨɞɨɥɶɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ). 

 
Ɍɚɛɥɢɰɚ 6 

ɍɞɚɪɧɚɹ ɜɹɡɤɨɫɬɶ* ɫɬɚɥɢ ȼɇɋ-65 
ɍɫɥɨɜɧɵɣ 
ɧɨɦɟɪ 
ɩɥɚɜɤɢ 

ɍɞɚɪɧɚɹ ɜɹɡɤɨɫɬɶ KCU, Ⱦɠ/ɫɦ2 
ɉɪɭɬɨɤ ɋɭɬɭɧɤɚ  

(ɩɪɨɞɨɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ) 
ɋɭɬɭɧɤɚ  

(ɩɨɩɟɪɟɱɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ) 
1 103 101 101 
2 102 102 100 
3 103 102 101,5 
4 104 103 101,5 
5 104,5 104 103 
6 106,5 106 102 

* Ɍɪɟɛɨɜɚɧɢɹ ɩɨ ɌɁ: ≥100 Ⱦɠ/ɫɦ2. 

 
ɂɫɩɵɬɚɧɢɹ ɧɚ ɭɞɚɪɧɭɸ ɜɹɡɤɨɫɬɶ ɨɛɪɚɡɰɨɜ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɨɩɵɬɧɨɣ ɩɚɪɬɢɢ 

ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɨɣ ɚɡɨɬɫɨɞɟɪɠɚɳɟɣ ɫɬɚɥɢ ȼɇɋ-65, ɦɢɤɪɨɥɟɝɢɪɨɜɚɧ-
ɧɨɣ ɊɁɆ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɮɢɧɢɪɭɸɳɢɯ ɲɥɚɤɨɜɵɯ ɫɦɟɫɟɣ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ, ɩɨɤɚɡɚ-
ɥɢ, ɱɬɨ ɭɪɨɜɟɧɶ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ ɨɬɜɟɱɚɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɌɁ (ɬɚɛɥ. 6). 

 
Ɂɚɤɥɸɱɟɧɢɹ  

ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɨɩɪɨɛɨɜɚɧɚ ɦɟɬɨɞɢɤɚ ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɢɹ ɪɟɞɤɨɡɟ-
ɦɟɥɶɧɵɦɢ ɦɟɬɚɥɥɚɦɢ ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɚɡɨɬɫɨɞɟɪɠɚɳɟɣ ɫɬɚɥɢ ȼɇɋ-65 ɩɪɢ ɜɵɩɥɚɜɤɟ ɜ 
ɨɬɤɪɵɬɨɣ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɟɱɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɗɒɉ ɜ ɩɟɱɢ Ⱦɗɒɉ-0,1 ɩɨ ɪɚɡɥɢɱɧɵɦ 
ɜɚɪɢɚɧɬɚɦ. 

ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ ɊɁɆ ɰɟɪɢɟɜɨɣ ɢ ɢɬɬɪɢɟɜɨɣ ɝɪɭɩɩ ɧɚ ɫɧɢɠɟɧɢɟ 
ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɜɤɥɸɱɟɧɢɣ ɩɪɢ ɗɒɉ. ɉɨɤɚɡɚɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 
ɪɚɫɤɢɫɥɟɧɢɹ ɪɚɫɩɥɚɜɚ ɩɟɪɟɞ ɜɜɟɞɟɧɢɟɦ ɊɁɆ. Ʉɨɥɢɱɟɫɬɜɨ ɜɜɨɞɢɦɨɝɨ ɚɥɸɦɢɧɢɹ ɩɪɢ 
ɗɒɉ ɫɨɫɬɚɜɥɹɟɬ 0,β% ɨɬ ɦɚɫɫɵ ɦɟɬɚɥɥɚ. 

ɗɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɫɧɢɠɟɧɢɹ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɜɤɥɸɱɟɧɢɣ ɜ ɫɬɚɥɢ ȼɇɋ-65 
ɹɜɥɹɟɬɫɹ ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɢɟ ɊɁɆ ɱɟɪɟɡ ɲɥɚɤɨɜɭɸ ɮɚɡɭ, ɫɨɞɟɪɠɚɳɭɸ ɨɤɫɢɞɵ ɥɚɧɬɚɧɚ ɢ 
ɢɬɬɪɢɹ ɩɪɢ ɗɒɉ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɲɥɚɤɨɜ ɫ ɞɨɛɚɜɤɚɦɢ ɥɚɧɬɚɧɨɢɞɨɜ ɩɪɢ ɞɨɡɢɪɨɜɚɧɧɨɦ 
ɜɜɟɞɟɧɢɢ ɊɁɆ (ɝɚɞɨɥɢɧɢɣ) ɜ ɩɪɨɰɟɫɫɟ ɗɒɉ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɵ 
ɢ ɤɢɫɥɨɪɨɞɚ, ɧɚɢɛɨɥɶɲɭɸ ɱɢɫɬɨɬɭ ɦɟɬɚɥɥɚ ɩɨ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɦ ɜɤɥɸɱɟɧɢɹɦ ɢ ɜɵɫɨɤɢɟ 
ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɬɚɥɢ ȼɇɋ-65 ɜ ɩɪɨɞɨɥɶɧɨɦ ɢ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɜɨɥɨɤɧɚ. 
 

ɅɂɌȿɊȺɌɍɊȺ 
1. Ʉɚɛɥɨɜ ȿ.ɇ. ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɪɚɡɪɚɛɨɬɤɢ ɎȽɍɉ «ȼɂȺɆ» Ƚɇɐ ɊɎ ɩɨ ɪɟɚɥɢɡɚɰɢɢ «ɋɬɪɚɬɟɝɢɱɟ-

ɫɤɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ» 
// Ⱥɜɢɚɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨɝɢɢ. β015. №1. ɋ. γ–33. DOI: 10.18577/2071-9140-2015-
0-1-3-33. 

β. Ʉɚɛɥɨɜ ȿ.ɇ. Ɋɨɫɫɢɢ ɧɭɠɧɵ ɦɚɬɟɪɢɚɥɵ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ // Ɋɟɞɤɢɟ ɡɟɦɥɢ. β014. №γ. ɋ. 8–13. 
γ. Ɍɨɧɵɲɟɜɚ Ɉ.Ⱥ., ȼɨɡɧɟɫɟɧɫɤɚɹ ɂ.Ɇ., ȿɥɢɫɟɟɜ ɗ.Ⱥ., ɒɚɥɶɤɟɜɢɱ Ⱥ.Ȼ. ɇɨɜɚɹ ɜɵɫɨɤɨɩɪɨɱɧɚɹ 

ɷɤɨɧɨɦɧɨɥɟɝɢɪɨɜɚɧɧɚɹ ɚɡɨɬɫɨɞɟɪɠɚɳɚɹ ɫɬɚɥɶ ɩɨɜɵɲɟɧɧɨɣ ɧɚɞɟɠɧɨɫɬɢ // Ⱥɜɢɚɰɢɨɧɧɵɟ ɦɚ-
ɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨɝɢɢ. β01β. №S. ɋ. 84–88. 
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4. Ɍɨɧɵɲɟɜɚ Ɉ.Ⱥ., ȼɨɡɧɟɫɟɧɫɤɚɹ ɇ.Ɇ. ɉɟɪɫɩɟɤɬɢɜɧɵɟ ɜɵɫɨɤɨɩɪɨɱɧɵɟ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ 
ɫɬɚɥɢ, ɥɟɝɢɪɨɜɚɧɧɵɟ ɚɡɨɬɨɦ (ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ) // Ⱥɜɢɚɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨ-
ɝɢɢ. β014. №γ. ɋ. β7–32. DOI: 10.18577/2071-9140-2014-0-3-27-32. 

5. ȼɨɡɧɟɫɟɧɫɤɚɹ ɇ.Ɇ., Ʉɚɛɥɨɜ ȿ.ɇ., ɉɟɬɪɚɤɨɜ Ⱥ.Ɏ., ɒɚɥɶɤɟɜɢɱ Ⱥ.Ȼ. ȼɵɫɨɤɨɩɪɨɱɧɵɟ ɤɨɪɪɨɡɢ-
ɨɧɧɨɫɬɨɣɤɢɟ ɫɬɚɥɢ ɚɭɫɬɟɧɢɬɧɨ-ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɤɥɚɫɫɚ // Ɇɟɬɚɥɥɨɜɟɞɟɧɢɟ ɢ ɬɟɪɦɢɱɟɫɤɚɹ ɨɛ-
ɪɚɛɨɬɤɚ ɦɟɬɚɥɥɨɜ. №7. β00β. ɋ. γ4–37. 
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Ɉɩɪɟɞɟɥɟɧɵ ɥɢɬɟɣɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ ȼɌɂ-4 ɩɪɢɦɟɧɢ-
ɬɟɥɶɧɨ ɤ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɨɣ ɝɚɪɧɢɫɚɠɧɨɣ ɩɟɱɢ ɫ ɰɟɧɬɪɨɛɟɠɧɨɣ ɡɚɥɢɜɤɨɣ ɪɚɫɩɥɚɜɚ ɜ ɤɟ-
ɪɚɦɢɱɟɫɤɢɟ ɢɥɢ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɮɨɪɦɵ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɣ ɫɩɥɚɜ ȼɌɂ-4 ɢɦɟɟɬ ɧɢɡɤɢɟ ɥɢɬɟɣɧɵɟ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɩɥɚɜɨɦ ȼɌ5Ʌ ɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɦ ɫɩɥɚɜɨɦ ɫɢɫɬɟɦɵ TТ–16AХ (% (ɩɨ 
ɦɚɫɫɟ)): ɧɚ 40% ɛɨɥɶɲɟ ɨɛɴɟɦɧɭɸ ɭɫɚɞɤɭ, ɧɚ 44% ɦɟɧɶɲɟ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ ɢ ɧɚ 26–28% 
ɦɟɧɶɲɟ ɡɚɩɨɥɧɹɟɦɨɫɬɶ ɮɨɪɦɵ. ɉɨɥɭɱɟɧɧɵɟ ɥɢɬɟɣɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɩɥɚɜɚ ȼɌɂ-4 ɦɨ-
ɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɨɩɵɬɧɨɣ ɥɢɬɟɣɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡ 
ɧɟɝɨ ɞɟɬɚɥɟɣ. 

ɉɨɥɭɱɟɧɧɵɟ ɥɢɬɟɣɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɩɥɚɜɚ ȼɌɂ-4 ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ 
ɪɚɡɪɚɛɨɬɤɢ ɨɩɵɬɧɨɣ ɥɢɬɟɣɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡ ɧɟɝɨ ɞɟɬɚɥɟɣ ɩɨ ɤɨɦɩɥɟɤɫ-
ɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ 7.1. «ɂɧɬɟɪɦɟɬɚɥɥɢɞɧɵɟ ɬɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ 
ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2030 ɝɨ-
ɞɚ») Д1Ж. ȼɵɹɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɬɟɧɞɟɧɰɢɢ ɢ ɩɟɪɫɩɟɤɬɢɜɵ ɜ ɨɛɥɚɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ  
ɨɪɬɨ-ɫɩɥɚɜɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɨɥɭɱɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ. 

Кɥюɱɟɜыɟ ɫɥɨɜɚ: ɨɪɬɨ-ɫɩɥɚɜɵ, ɰɟɧɬɪɨɛɟɠɧɨɟ ɥɢɬɶɟ, ɩɥɚɜɤɚ, ɫɥɢɬɨɤ, ɨɬɥɢɜɤɚ, ɤɟɪɚ-
ɦɢɱɟɫɤɚɹ ɮɨɪɦɚ, ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ, ɫɬɪɭɤɬɭɪɚ, ɥɢɬɟɣɧɵɟ ɫɜɨɣɫɬɜɚ. 

 
The foundry characteristics of the VTI-4 intermetallic alloy have been determined for a vac-

uum arc furnace with a centrifugal casting of the melt into ceramic or metallic forms. 
It has been found that the VTI-4 intermetallic alloy has low casting characteristics in com-

parison with the VT5L alloy and Ti–16Al intermetallic alloy (mass. %): 40% more shrinkage, 
44% less fluidity and 26–28% less fillability of the mold. The obtained casting characteristics of 
VTI-4 alloy can be used to develop an experimental foundry technology for the production of 
parts from it. 

The obtained casting characteristics of VTI-4 alloy can be used to develop an experimental 
foundry technology for the production of parts from it ɫШmЩХОб НТrОМtТШn 7.1. «IntОrmОtКХХТМ ti-
tКnТЮm КХХШвs» («TСО strКtОРТМ НТrОМtТШns ШП НОЯОХШЩmОnt ШП materials and technologies of their 
ЩrШМОssТnР ПШr tСО ЩОrТШН tТХХ 2030») [1]. The main trends and prospects in the field of develop-
ment of new ortho alloys and technologies for their production and processing are revealed. 

Keywords: TiAlNb titanium alloys, ingot, spun casting, phase combination, structure, ceramic 
shape, casting properties. 

 
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 ЦКЭОrТКХs» State research center 
of the Russian Federation]; e-mail: admin@viam.ru 

 
ȼɜɟɞɟɧɢɟ 

ɇɨɜɵɟ ɫɢɥɨɜɵɟ ɭɫɬɚɧɨɜɤɢ ȽɌȾ ɞɥɹ ɛɭɞɭɳɢɯ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ ɩɪɟɞɴɹɜɥɹɸɬ 
ɠɟɫɬɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦ ɦɚɬɟɪɢɚɥɚɦ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɪɚɛɨɬɚɬɶ ɜ ɭɫɥɨɜɢɹɯ 
ɜɵɫɨɤɢɯ ɧɚɝɪɭɡɨɤ ɜ ɚɝɪɟɫɫɢɜɧɨɣ ɝɚɡɨɜɨɣ ɫɪɟɞɟ ɜ ɬɟɱɟɧɢɟ ɡɚɞɚɧɧɨɝɨ ɪɟɫɭɪɫɚ Д1Ж. 

Ⱦɥɹ ɷɬɢɯ ɰɟɥɟɣ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵ ɞɟɮɨɪɦɢɪɭɟɦɵɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɟ  
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ɬɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɫɨɟɞɢɧɟɧɢɹ TТ2AlNb – ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɨɪɬɨ-ɫɩɥɚɜɵ, ɤɨɬɨ-
ɪɵɟ ɩɨ ɫɜɨɢɦ ɭɞɟɥɶɧɵɦ ɩɪɨɱɧɨɫɬɧɵɦ ɢ ɠɚɪɨɩɪɨɱɧɵɦ ɫɜɨɣɫɬɜɚɦ, ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɢ 
ɫɬɨɣɤɨɫɬɢ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɩɨɠɚɪɚ ɩɪɟɜɨɫɯɨɞɹɬ ɫɟɪɢɣɧɵɟ ɬɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ Дβ–5]. 

Ɉɞɧɚɤɨ ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ TТ2AХNЛ ɢɦɟɸɬ ɪɹɞ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɥɢɬɤɨɜ ɧɚ ɫɭɳɟɫɬɜɭɸɳɟɦ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɤɨɬɨɪɵɟ 
ɫɜɹɡɚɧɵ ɫ ɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɫ ɪɚɡɥɢɱɚɸɳɢɦɢɫɹ ɬɟɦɩɟɪɚ-
ɬɭɪɚɦɢ ɩɥɚɜɥɟɧɢɹ ɢ ɫɥɨɠɧɨɫɬɹɦɢ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɪɚɫɯɨɞɭɟɦɵɯ ɷɥɟɤɬɪɨɞɨɜ, ɱɬɨ ɬɪɟ-
ɛɭɟɬ ɪɚɡɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɨɞɧɨɪɨɞɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɥɟɝɢɪɭɸɳɢɯ 
ɷɥɟɦɟɧɬɨɜ ɜ ɫɥɢɬɤɚɯ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɩɬɢ-
ɦɢɡɢɪɨɜɚɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɫɥɢɬɤɨɜ ɫ ɨɞɧɨɪɨɞɧɵɦ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɟɦ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ. ȼ ɪɚɛɨɬɚɯ Д6–8Ж ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɬɟɯ-
ɧɨɥɨɝɢɹɦ ɜɵɩɥɚɜɤɢ ɫɥɢɬɤɨɜ ɨɪɬɨ-ɫɩɥɚɜɨɜ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɨɪɬɨ-ɫɩɥɚɜɵ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɟɮɨɪɦɢɪɨɜɚɧ-
ɧɵɯ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ, ɢɡ ɷɬɢɯ ɫɩɥɚɜɨɜ ɦɨɠɧɨ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɞɟɬɚɥɢ, ɤɨɬɨɪɵɟ ɧɟɜɨɡɦɨɠ-
ɧɨ ɢɡɝɨɬɨɜɢɬɶ ɫ ɩɨɦɨɳɶɸ ɨɩɟɪɚɰɢɣ ɝɨɪɹɱɟɣ ɞɟɮɨɪɦɚɰɢɢ. Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɩɪɚɤɬɢɤɚ, ɞɟ-
ɬɚɥɢ ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɦɟɬɨɞɨɦ ɥɢɬɶɹ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ 
ɦɨɞɟɥɹɦ ɜ ɤɟɪɚɦɢɱɟɫɤɢɟ ɢɥɢ ɝɪɚɮɢɬɨɜɵɟ ɮɨɪɦɵ ɜ ɜɚɤɭɭɦɧɵɯ ɝɚɪɧɢɫɚɠɧɵɯ ɩɟɱɚɯ. ɉɨ-
ɫɤɨɥɶɤɭ ɥɢɬɟɣɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɣ ɩɪɨɰɟɫɫ, ɨɧɚ ɦɨɠɟɬ ɫɧɢɡɢɬɶ ɬɪɭ-
ɞɨɟɦɤɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɚɤɢɯ ɞɟɬɚɥɟɣ ɢ ɨɛɟɫɩɟɱɢɬɶ ɩɪɢ ɧɟɤɨɬɨɪɨɦ ɫɧɢɠɟɧɢɢ ɧɢɡɤɨ-
ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (σɜ, δ, ψ) ɩɨɜɵɲɟɧɧɭɸ ɠɚɪɨɩɪɨɱɧɨɫɬɶ )(σ100

t  ɩɪɢ ɪɚɛɨ-
ɱɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ Д9Ж. 

 
Ɇɚɬɟɪɢɚɥɵ, ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɣ ɬɢɬɚɧɨɜɵɣ ɫɩɥɚɜ ȼɌɂ-4, ɨɫɧɨɜɚ ɤɨ-
ɬɨɪɨɝɨ – ɢɧɬɟɪɦɟɬɚɥɥɢɞ Ti2AlNb (ɨɪɬɨ-ɮɚɡɚ), ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɥɟɝɢɪɨɜɚɧɧɵɣ ɰɢɪɤɨɧɢɟɦ, 
ɜɚɧɚɞɢɟɦ, ɦɨɥɢɛɞɟɧɨɦ ɢ ɤɪɟɦɧɢɟɦ. Ⱦɥɹ ɜɵɩɥɚɜɤɢ ɫɩɥɚɜɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɟɪɢɣɧɵɟ 
ɲɢɯɬɨɜɵɟ ɦɚɬɟɪɢɚɥɵ – ɬɢɬɚɧɨɜɭɸ ɝɭɛɤɭ (ɦɚɪɤɢ ɌȽ90 ɢ ɌȽ100), ɥɢɝɚɬɭɪɭ ɧɢɨɛɢɣ-
ɚɥɸɦɢɧɢɣ-ɤɪɟɦɧɢɣ (ɦɚɪɤɚ ȺɇɄ), ɥɢɝɚɬɭɪɭ ɚɥɸɦɢɧɢɣ-ɦɨɥɢɛɞɟɧ-ɬɢɬɚɧ (ɦɚɪɤɚ ȺɆɌ), 
ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɰɢɪɤɨɧɢɣ (ɦɚɪɤɚ ɐɪɂ) ɢ ɜɚɧɚɞɢɣ (ɦɚɪɤɚ ȼɧ-Ɇ). ɂɡ ɩɨɞɝɨɬɨɜɥɟɧɧɵɯ 
ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɪɚɫɯɨɞɭɟɦɵɟ ɷɥɟɤɬɪɨɞɵ, ɤɨɬɨɪɵɟ ɩɟɪɟɩɥɚɜɥɹɥɢ ɜ 
ɫɥɢɬɤɢ ɦɧɨɝɨɤɪɚɬɧɵɦ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɵɦ ɩɟɪɟɩɥɚɜɨɦ (ȼȾɉ) [10]. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɥɢɬɟɣɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɦɚɤɪɨ- ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɦɨɞɟɥɶɧɵɯ 
ɨɬɥɢɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɌɂ-4 ɜɤɥɸɱɚɥɢ: 

– ɜɵɩɥɚɜɤɭ ɫɥɢɬɤɨɜ ɜ ɜɢɞɟ ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɌɂ-4 ɫ ɩɨɦɨɳɶɸ ɫɩɨɫɨɛɚ ȼȾɉ; 
– ɨɬɥɢɜɤɭ ɨɛɪɚɡɰɨɜ ɜ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɨɣ ɝɚɪɧɢɫɚɠɧɨɣ ɩɟɱɢ ȼȾɅ-5 ɫ ɰɟɧɬɪɨɛɟɠɧɨɣ 

ɡɚɥɢɜɤɨɣ ɦɟɬɚɥɥɚ ɜ ɮɨɪɦɵ; 
– ɨɩɪɟɞɟɥɟɧɢɟ ɠɢɞɤɨɬɟɤɭɱɟɫɬɢ; 
– ɨɩɪɟɞɟɥɟɧɢɟ ɥɢɧɟɣɧɨɣ ɢ ɨɛɴɟɦɧɨɣ ɭɫɚɞɨɤ; 
– ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɡɚɩɨɥɧɹɟɦɨɫɬɢ ɮɨɪɦɵ 

ɩɨ ɩɪɨɛɟ ɑɢɤɟɥɹ; 
– ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɩɨɫɨɛɨɦ ɜɚɤɭɭɦɧɨɝɨ 

ɩɥɚɜɥɟɧɢɹ; 
– ɢɫɫɥɟɞɨɜɚɧɢɟ ɥɢɬɟɣɧɵɯ ɞɟɮɟɤɬɨɜ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɞɟɮɟɤɬɨɫɤɨɩɢɟɣ; 
– ɝɨɪɹɱɟɟ ɢɡɨɫɬɚɬɢɱɟɫɤɨɟ ɩɪɟɫɫɨɜɚɧɢɟ (Ƚɂɉ) ɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ ɧɚ ɭɫɬɚɧɨɜɤɟ Quintus-16; 
– ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɚɤɪɨ- ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɥɢɬɵɯ ɬɟɦɩɥɟɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢ-

ɛɨɪɨɜ ɨɩɬɢɱɟɫɤɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. 
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Иɡɝɨɬɨɜɥɟɧɢɟ ɫɥɢɬɤɨɜ ɢɡ ɫɩɥɚɜɚ ВТИ-4 
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬɵ ɢɡɝɨɬɨɜɥɟɧɵ ɫɥɢɬɤɢ ɢɡ ɫɩɥɚɜɚ ȼɌɂ-4 150 ɦɦ ɢ ɦɚɫɫɨɣ 

ɩɨ γ0 ɤɝ, ɤɨɬɨɪɵɟ ɜɵɩɥɚɜɥɹɥɢ ɫ ɱɟɬɵɪɶɦɹ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɵɦɢ ɩɟɪɟɩɥɚɜɚɦɢ [11]. ɏɢɦɢ-
ɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɫɥɢɬɤɨɜ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥ. 1. 
 

Ɍɚɛɥɢɰɚ 1 
ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɥɢɬɤɨɜ ɢɡ ɫɩɥɚɜɚ ȼɌɂ-4 

Ɇɟɫɬɨ ɨɬɛɨɪɚ ɩɪɨɛ  
ɫɥɢɬɤɚ 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ*, % (ɩɨ ɦɚɫɫɟ) 
Al Nb Zr Mo V Si 

ȼɟɪɯ ɐɟɧɬɪ 11,5/11,7 39,4/40,1 1,2/1,4 0,6/0,7 1,3/1,4 0,14/0,16 
0,5 ɪɚɞɢɭɫɚ 11,8/12,0 39,1/40,2 1,1/1,2 0,6/0,7 1,2/1,2 0,15/0,14 

Ɉɛɪɚɡɭɸɳɚɹ ȼɟɪɯ 11,6/11,8 39,6/40,1 1,2/1,3 0,59/0,6 1,2/1,3 0,14/0,13 
ɋɟɪɟɞɢɧɚ 11,4/11,8 39,5/40,1 1,2/1,3 0,61/0,6 1,25/1,3 0,14/0,15 

ɇɢɡ 11,5/11,6 39,7/40,2 1,1/1,2 0,62/0,7 1,2/1,25 0,15/0,16 
* ȼ ɱɢɫɥɢɬɟɥɟ ɢ ɡɧɚɦɟɧɚɬɟɥɟ ɩɪɢɜɟɞɟɧɵ ɫɨɞɟɪɠɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɞɥɹ 1-ɝɨ ɢ β-ɝɨ ɫɥɢɬɤɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 
ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜɢɞɧɨ, ɱɬɨ ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɫɥɢɬɤɢ ɢɡ ɫɩɥɚɜɚ 

ȼɌɂ-4 ɢɦɟɸɬ ɞɨɫɬɚɬɨɱɧɨ ɨɞɧɨɪɨɞɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ. 
 

Оɩɪɟɞɟɥɟɧɢɟ ɥɢɬɟɣɧыɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
Ʉɚɤ ɩɨɤɚɡɚɥɚ ɥɢɬɟɣɧɚɹ ɩɪɚɤɬɢɤɚ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɩɨɥɭɱɟɧɢɟ ɤɚɱɟɫɬɜɟɧɧɵɯ 

ɨɬɥɢɜɨɤ ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɡɚɜɢɫɢɬ ɨɬ ɠɢɞɤɨɬɟɤɭɱɟɫɬɢ ɫɩɥɚɜɚ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬ ɡɚɩɨɥ-
ɧɹɟɦɨɫɬɶ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ [12]. 

ɉɚɪɚɦɟɬɪɵ ɠɢɞɤɨɬɟɤɭɱɟɫɬɢ ɫɩɥɚɜɨɜ ɜ ɨɫɧɨɜɧɨɦ ɨɩɪɟɞɟɥɹɸɬɫɹ: 
– ɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɫɩɥɚɜɚ – ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɧɚɬɹ-

ɠɟɧɢɟɦ ɪɚɫɩɥɚɜɚ, ɢɧɬɟɪɜɚɥɨɦ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɫɩɥɚɜɚ ɢ ɞɪ.; 
– ɫɜɨɣɫɬɜɚɦɢ ɦɚɬɟɪɢɚɥɚ ɥɢɬɟɣɧɵɯ ɮɨɪɦ, ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɪɚɡɦɟɪɚɦɢ ɮɨɪɦ, ɤɨɧ-

ɫɬɪɭɤɰɢɟɣ ɢ ɪɚɡɦɟɪɚɦɢ ɥɢɬɧɢɤɨɜ, ɫɩɨɫɨɛɚɦɢ ɡɚɥɢɜɤɢ ɦɟɬɚɥɥɚ ɢ ɞɪ. 
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɌɂ-4 ɢɫɩɨɥɶɡɨɜɚɥɢ ɝɚɪɧɢɫɚɠɧɭɸ ɩɥɚɜ-

ɤɭ ɫɥɢɬɤɨɜ ɱɟɬɵɪɟɯɤɪɚɬɧɨɝɨ ɩɟɪɟɩɥɚɜɚ ɜ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɨɣ ɩɟɱɢ. ɉɟɪɟɞ ɩɥɚɜɤɚɦɢ ɜ ɬɢɝɥɟ 
ɝɚɪɧɢɫɚɠɧɨɣ ɩɟɱɢ ɧɚɜɨɞɢɥɢ ɝɚɪɧɢɫɚɠ ɢɡ ɦɨɞɟɥɶɧɨɝɨ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Ti–12Al–40Nb (% (ɩɨ 
ɦɚɫɫɟ)) ɬɨɥɳɢɧɨɣ γ5–45 ɦɦ. ɉɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ ɨɬɥɢɜɨɤ ɡɚɝɨɬɨɜɨɤ ɜɤɥɸɱɚɥ: ɩɪɢɜɚɪɤɭ 
ɫɥɢɬɤɚ ɤ ɞɟɪɠɚɜɤɟ ɢ ɰɟɧɬɪɨɜɤɭ ɫɥɢɬɤɚ ɜ ɬɢɝɥɟ, ɨɬɤɚɱɤɭ ɩɟɱɢ ɞɨ ɜɚɤɭɭɦɚ ɫ ɨɫɬɚɬɨɱɧɵɦ 
ɞɚɜɥɟɧɢɟɦ 0,1γγ ɉɚ, ɩɥɚɜɤɭ ɫɥɢɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɞɭɝɨɣ. 

Ɂɚɥɢɜɤɭ ɠɢɞɤɨɝɨ ɫɩɥɚɜɚ ȼɌɂ-4 ɩɪɨɜɨɞɢɥɢ ɰɟɧɬɪɨɛɟɠɧɵɦ ɦɟɬɨɞɨɦ, ɤɨɬɨɪɵɣ 
ɨɛɟɫɩɟɱɢɜɚɥ ɩɨɥɭɱɟɧɢɟ ɨɬɥɢɜɨɤ ɫ ɦɟɧɶɲɢɦɢ ɥɢɬɟɣɧɵɦɢ ɞɟɮɟɤɬɚɦɢ. ɉɨɥɭɱɟɧɧɵɟ ɨɬ-
ɥɢɜɤɢ ɨɯɥɚɠɞɚɥɢ ɜ ɜɚɤɭɭɦɟ ɜ ɬɟɱɟɧɢɟ 90 ɦɢɧ. Ɉɯɥɚɠɞɟɧɧɵɟ ɨɬɥɢɜɤɢ ɨɬɪɟɡɚɥɢ ɨɬ ɰɟɧ-
ɬɪɚɥɶɧɨɝɨ ɫɬɨɹɤɚ ɢ ɩɟɪɟɞɚɜɚɥɢ ɧɚ ɩɟɫɤɨɫɬɪɭɣɧɭɸ ɨɛɪɚɛɨɬɤɭ ɞɥɹ ɨɱɢɫɬɤɢ ɨɬɥɢɜɨɤ ɨɬ 
ɨɫɬɚɬɤɨɜ ɮɨɪɦɵ. 

Ɉɰɟɧɤɭ ɠɢɞɤɨɬɟɤɭɱɟɫɬɢ ɫɩɥɚɜɚ ȼɌɂ-4 ɩɪɨɜɨɞɢɥɢ ɧɚ ɫɩɢɪɚɥɶɧɨɣ ɩɪɨɛɟ ɬɪɟ-
ɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ, ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫ. 1. Ⱦɥɹ ɨɰɟɧɤɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɬɥɢɜɚɥɢ 5 ɩɪɨɛ 
ɢ ɜɵɱɢɫɥɹɥɢ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɞɥɢɧɵ ɡɚɥɢɬɨɣ ɫɩɢɪɚɥɢ. Ɋɚɡɛɪɨɫ ɞɚɧɧɵɯ ɩɨ ɞɥɢɧɟ ɡɚɥɢ-
ɬɨɣ ɩɪɨɛɵ ɧɟ ɩɪɟɜɵɲɚɥ γ%. 
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Ɋɢɫ. 1. Ƚɪɚɮɢɬɨɜɚɹ ɮɨɪɦɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɠɢɞɤɨɬɟɤɭɱɟɫɬɢ ɜ ɪɚɡɨɛɪɚɧɧɨɦ ɜɢɞɟ 
 
Ʌɢɧɟɣɧɭɸ ɭɫɚɞɤɭ ɫɩɥɚɜɚ ȼɌɂ-4 ɨɩɪɟɞɟɥɹɥɢ ɩɪɢ ɩɨɦɨɳɢ ɫɩɟɰɢɚɥɶɧɵɯ ɨɛɪɚɡ-

ɰɨɜ, ɡɚɥɢɜɚɟɦɵɯ ɜ ɫɬɚɥɶɧɨɣ ɤɨɤɢɥɶ. ȼɧɭɬɪɟɧɧɹɹ ɩɨɥɨɫɬɶ ɤɨɤɢɥɹ ɞɥɢɧɨɣ β96 ɦɦ, ɩɪɟɞ-
ɧɚɡɧɚɱɟɧɧɚɹ ɩɨɞ ɡɚɥɢɜɤɭ ɨɛɪɚɡɰɚ, ɢɦɟɥɚ ɤɪɭɝɥɨɟ ɫɟɱɟɧɢɟ β0 ɦɦ ɫ ɬɚɤɢɦ ɭɫɥɨɜɢɟɦ, ɱɬɨ 
ɦɟɬɚɥɥ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɢɦɟɟɬ ɫɜɨɛɨɞɧɭɸ ɭɫɚɞɤɭ ɤɚɤ ɩɨ ɞɢɚɦɟɬɪɭ, ɬɚɤ ɢ ɩɨ ɞɥɢɧɟ ɨɛ-
ɪɚɡɰɚ. ɉɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɨɛɪɚɡɟɰ ɜɵɧɢɦɚɥɢ ɢɡ ɤɨɤɢɥɹ ɢ ɡɚɦɟɪɹɥɢ ɟɝɨ ɞɥɢɧɭ. ȼɧɟɲɧɢɣ 
ɜɢɞ ɨɛɪɚɡɰɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɥɢɧɟɣɧɨɣ ɭɫɚɞɤɢ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. β. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɞɨɫɬɨ-
ɜɟɪɧɵɯ ɡɧɚɱɟɧɢɣ ɥɢɧɟɣɧɨɣ ɭɫɚɞɤɢ ɨɬɥɢɜɚɥɢ ɩɨ 5 ɨɛɪɚɡɰɨɜ ɫɩɥɚɜɚ ɢ ɩɨɞɫɱɢɬɵɜɚɥɢ ɟɟ 
ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ. 

 

 
 

Ɋɢɫ. β. ȼɧɟɲɧɢɣ ɜɢɞ ɨɛɪɚɡɰɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɥɢɧɟɣɧɨɣ ɭɫɚɞɤɢ 
 
Ɉɛɴɟɦɧɭɸ ɭɫɚɞɤɭ ɫɩɥɚɜɚ ȼɌɂ-4 ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɪɚɡɧɨɫɬɢ ɨɛɴɟɦɨɜ ɲɚɪɨɜ, ɡɚɥɢ-

ɬɵɯ ɜ ɫɬɚɥɶɧɨɣ ɤɨɤɢɥɶ, ɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨɥɨɫɬɢ ɫɬɚɥɶɧɨɝɨ ɤɨɤɢɥɹ, ɨɮɨɪɦɥɹɸɳɟɣ ɲɚɪ. 
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɭɫɚɞɨɱɧɨɣ ɪɚɤɨɜɢɧɵ ɜ ɰɟɧɬɪɟ ɲɚɪɚ, ɤɨɬɨɪɭɸ 

ɥɟɝɤɨ ɡɚɦɟɪɢɬɶ ɩɪɢ ɪɚɡɪɟɡɤɟ ɲɚɪɚ ɩɨ ɧɚɢɛɨɥɶɲɟɦɭ ɞɢɚɦɟɬɪɭ, ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɚɥɨɟ ɫɟ-
ɱɟɧɢɟ ɩɢɬɚɬɟɥɹ. ɗɬɨ ɫɞɟɥɚɧɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɜɨ ɜɪɟɦɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɧ ɧɟ ɦɨɝ ɩɢɬɚɬɶ 
ɠɢɞɤɢɦ ɦɟɬɚɥɥɨɦ ɡɚɥɢɬɵɣ ɲɚɪ, ɬɚɤ ɤɚɤ ɩɨɫɥɟ ɡɚɥɢɜɤɢ ɩɢɬɚɬɟɥɶ ɛɵɫɬɪɨ ɡɚɫɬɵɜɚɟɬ ɢ ɧɟ 
ɩɢɬɚɟɬ ɨɬɥɢɜɤɭ. Ɂɚɦɟɪ ɨɛɴɟɦɚ ɡɚɥɢɬɨɣ ɲɚɪɨɜɨɣ ɩɪɨɛɵ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɝɢɞɪɨɫɬɚɬɢ-
ɱɟɫɤɨɝɨ ɜɡɜɟɲɢɜɚɧɢɹ ɩɭɬɟɦ ɩɨɝɪɭɠɟɧɢɹ ɩɪɨɛɵ ɜ ɜɨɞɭ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɜɵɱɟɬɨɦ ɨɛɴɟɦɚ 
ɭɫɚɞɨɱɧɨɣ ɪɚɤɨɜɢɧɵ. Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɧɨɣ ɭɫɚɞɤɢ ɫɩɥɚɜɚ ȼɌɂ-4 ɩɪɢɜɟ-
ɞɟɧɵ ɜ ɬɚɛɥ. β. 
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Ɍɚɛɥɢɰɚ 2 
Ʌɢɬɟɣɧɵɟ ɫɜɨɣɫɬɜɚ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ȼɌ5Ʌ, ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ  

Ti–16Al (% (ɩɨ ɦɚɫɫɟ)) ɢ ȼɌɂ-4 
ɋɜɨɣɫɬɜɚ Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɞɥɹ ɫɩɥɚɜɚ 

ɬɢɬɚɧɨɜɨɝɨ 
ȼɌ5Ʌ* 

ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ  
Ti–16Al* ȼɌɂ-4  

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ, °ɋ 1650 1650 1810 
ɂɧɬɟɪɜɚɥ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, °ɋ 35 30 50 
Ɉɛɴɟɦɧɚɹ ɭɫɚɞɤɚ, % 3,0–3,2 4,0–4,5 4,5–5,4 
Ʌɢɧɟɣɧɚɹ ɭɫɚɞɤɚ, % 1,0–1,2 1,3–2,5 1,5–1,8 
ɀɢɞɤɨɬɟɤɭɱɟɫɬɶ, ɦɦ 500 480 240–280 
ɉɪɨɛɚ ɧɚ ɡɚɩɨɥɧɹɟɦɨɫɬɶ, ɦɦ:    
ɤɚɧɚɥ 5 ɦɦ 140 120 100 
ɤɚɧɚɥ 7,5 ɦɦ 190 160 140 

* ɋɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ [9]. 
 
Ɉɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɜɚ-

ɤɭɭɦɧɨɝɨ ɩɥɚɜɥɟɧɢɹ ɜ ɩɟɪɟɦɟɧɧɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɩɨɥɟ ɩɨ ɫɯɟɦɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ 
ɪɢɫ. γ [13]. ȼɢɞɧɨ, ɱɬɨ ɧɢɠɧɢɣ ɤɨɧɟɰ ɨɛɪɚɡɰɚ ɧɚɯɨɞɢɥɫɹ ɜ ɫɚɦɨɣ ɝɨɪɹɱɟɣ ɡɨɧɟ ɧɚɝɪɟɜɚ, 
ɩɨɷɬɨɦɭ ɷɬɨɬ ɭɱɚɫɬɨɤ ɛɵɫɬɪɟɟ ɧɚɝɪɟɜɚɥɫɹ ɢ ɧɚ ɤɨɧɰɟ ɨɛɪɚɡɰɚ ɩɨɹɜɥɹɥɚɫɶ ɤɚɩɥɹ ɠɢɞɤɨɝɨ 
ɦɟɬɚɥɥɚ, ɤɨɬɨɪɚɹ ɢ ɨɩɪɟɞɟɥɹɥɚ ɬɟɦɩɟɪɚɬɭɪɭ ɥɢɤɜɢɞɭɫ ɫɩɥɚɜɚ. Ƚɪɚɧɢɰɭ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨ-
ɥɢɞɭɫ ɫɩɥɚɜɚ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɩɨɹɜɥɟɧɢɸ ɠɢɞɤɨɫɬɢ ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɵɯ ɤɚɩɟɥɶ ɧɚ ɝɪɚɧɢɰɟ 
ɡɟɪɟɧ. ɂɫɩɨɥɶɡɭɹ ɝɪɚɮɢɤ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɩɨ ɨɛɪɚɡɰɭ, ɨɩɪɟɞɟɥɹɥɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɥɢɞɭɫ ɢ ɥɢɤɜɢɞɭɫ ɫɩɥɚɜɚ. 

 

 
Ɋɢɫ. γ. ɋɯɟɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɟɬɨɞɨɦ ɜɚɤɭɭɦɧɨɝɨ 

ɩɥɚɜɥɟɧɢɹ (ɌS, ɌL – ɬɟɦɩɟɪɚɬɭɪɚ ɫɨɥɢɞɭɫ ɢ ɥɢɤɜɢɞɭɫ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) 
 
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɞɨɫɬɨɜɟɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɜɨɞɢɥɢ 5–8 ɨɩɪɟɞɟɥɟɧɢɣ ɢ ɪɚɫɫɱɢ-

ɬɵɜɚɥɢ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ. Ɋɚɡɛɪɨɫ ɡɧɚɱɟɧɢɣ ɧɟ ɩɪɟɜɵɲɚɥ 6–8%. Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟ-
ɧɢɹ ɢɧɬɟɪɜɚɥɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɞɥɹ ɫɩɥɚɜɚ ȼɌɂ-4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. β. ɋɥɟɞɭɟɬ ɨɬ-
ɦɟɬɢɬɶ, ɱɬɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɩɪɨɫɬɨɬɭ ɷɬɨɝɨ ɦɟɬɨɞɚ, ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨ ɬɟɦɩɟɪɚɬɭɪɚɦ 
ɥɢɤɜɢɞɭɫ ɢ ɫɨɥɢɞɭɫ ɞɥɹ ɫɩɥɚɜɚ ȼɌɂ-4 ɹɜɥɹɸɬɫɹ ɩɪɢɛɥɢɠɟɧɧɵɦɢ, ɩɨɫɤɨɥɶɤɭ ɜ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɯ ɧɟ ɭɱɢɬɵɜɚɥɢ ɫɢɥɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɪɚɫɩɥɚɜɚ, ɜɥɢɹɸɳɢɟ ɧɚ ɮɨɪ-
ɦɢɪɨɜɚɧɢɟ ɢ ɨɬɪɵɜ ɤɚɩɥɢ [14]. 

ɂɡɭɱɟɧɢɟ ɡɚɩɨɥɧɹɟɦɨɫɬɢ ɮɨɪɦ ɫɩɥɚɜɨɦ ȼɌɂ-4 ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨ-
ɤɨɪɭɧɞɨɜɵɯ ɮɨɪɦ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ, ɩɪɟɫɫɨɜɚɧɧɵɯ ɝɪɚɮɢɬɨ-
ɜɵɯ ɮɨɪɦ ɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɤɨɤɢɥɹ. ɉɪɨɛɵ ɧɚ ɡɚɩɨɥɧɹɟɦɨɫɬɶ (ɪɢɫ. 4) ɢɦɟɥɢ ɧɟɫɤɨɥɶɤɨ 
ɤɚɧɚɥɨɜ ɪɚɡɧɨɝɨ ɫɟɱɟɧɢɹ ɞɥɢɧɨɣ зβ00 ɦɦ. ɉɨɝɪɟɲɧɨɫɬɶ ɩɨ ɫɟɱɟɧɢɸ ɤɚɧɚɥɚ ɧɟ ɩɪɟɜɵ-
ɲɚɥɚ ˃0,1 ɦɦ. Ɍɚɤɨɣ ɪɚɡɦɟɪ ɤɚɧɚɥɚ ɨɩɪɟɞɟɥɹɥɫɹ ɪɚɡɦɟɪɚɦɢ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɟɣ ɨɬɥɢɜɤɢ, 
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ɤɭɞɚ ɦɨɠɧɨ ɩɨɞɜɟɫɬɢ ɩɢɬɚɬɟɥɢ ɞɥɹ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɨɬɥɢɜɨɤ ɪɚɫɫɬɨɹ-
ɧɢɹ ɨɬ ɩɢɬɚɬɟɥɹ ɞɨ ɤɨɧɟɱɧɨɣ ɬɨɱɤɢ ɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɧɟ ɩɪɟɜɵɲɚɥɢ β00 ɦɦ. 

 

 
 

Ɋɢɫ. 4. ɉɪɨɛɚ ɧɚ ɡɚɩɨɥɧɹɟɦɨɫɬɶ ɮɨɪɦɵ 
 

ɉɪɢ ɰɟɧɬɪɨɛɟɠɧɨɣ ɡɚɥɢɜɤɟ ɨɛɪɚɡɰɵ ɧɚ ɡɚɩɨɥɧɹɟɦɨɫɬɶ ɪɚɫɩɨɥɚɝɚɥɢ ɧɚ ɨɞɢɧɚɤɨ-
ɜɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɨɫɢ ɜɪɚɳɟɧɢɹ, ɪɚɜɧɨɦ β00 ɦɦ, ɩɨɷɬɨɦɭ ɞɚɜɥɟɧɢɟ, ɨɤɚɡɵɜɚɟɦɨɟ ɧɚ 
ɦɟɬɚɥɥ, ɞɥɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɧɵɦ ɢ ɢɦɟɥɨ ɫɥɟɞɭɸɳɟɟ ɡɧɚɱɟɧɢɟ: β,ββ Ɇɉɚ – 
ɞɥɹ 100 ɨɛ/ɦɢɧ, 8,88 Ɇɉɚ – ɞɥɹ β00 ɨɛ/ɦɢɧ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɰɟɧɬɪɨɛɟɠɧɨɣ 
ɡɚɥɢɜɤɢ ɧɚ ɡɚɩɨɥɧɹɟɦɨɫɬɶ ɮɨɪɦ ɬɢɬɚɧɨɜɵɦ ɫɩɥɚɜɨɦ ȼɌ5Ʌ, ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɦɢ ɫɩɥɚ-
ɜɚɦɢ ȼɌɂ-4 ɢ ɫɢɫɬɟɦɵ Ti–16Al (% (ɩɨ ɦɚɫɫɟ)) ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. β. 

ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɫɩɥɚɜ ȼɌɂ-4 ɢɦɟɟɬ ɛɨɥɟɟ ɧɢɡɤɢɟ ɥɢɬɟɣɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ – ɧɚ 40% ɛɨɥɶɲɟ ɨɛɴɟɦɧɭɸ ɭɫɚɞɤɭ, ɧɚ 44% ɦɟɧɶɲɟ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ ɢ 
ɧɚ β6–β8% ɦɟɧɶɲɟ ɡɚɩɨɥɧɹɟɦɨɫɬɶ ɮɨɪɦɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɟɪɢɣɧɵɦ ɫɩɥɚɜɨɦ ȼɌ5Ʌ. ɂɧ-
ɬɟɪɦɟɬɚɥɥɢɞɧɵɣ ɫɩɥɚɜ ɫɢɫɬɟɦɵ Ti–16Al (% (ɩɨ ɦɚɫɫɟ)) ɩɨ ɫɜɨɢɦ ɥɢɬɟɣɧɵɦ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɚɦ ɡɚɧɢɦɚɟɬ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɩɨɥɨɠɟɧɢɟ. Ɉɬɦɟɱɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɥɢɬɟɣɧɵɯ 
ɫɜɨɣɫɬɜ ɫɩɥɚɜɚ ȼɌɂ-4 [15, 16] ɫɜɹɡɚɧɵ ɫ ɪɹɞɨɦ ɮɚɤɬɨɪɨɜ – ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ 
ɩɥɚɜɥɟɧɢɹ (ɧɚ 150°ɋ ɛɨɥɶɲɟ, ɱɟɦ ɭ Ti), ɲɢɪɨɤɢɦ ɢɧɬɟɪɜɚɥɨɦ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (ɛɨɥɟɟ 
β0°ɋ) ɢ ɜɵɫɨɤɢɦ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɧɚɬɹɠɟɧɢɟɦ ɪɚɫɩɥɚɜɚ, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɷɥɟɦɟɧɬɵ ɫ 
ɜɵɫɨɤɢɦ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɧɚɬɹɠɟɧɢɟɦ: 

ɗɥɟɦɟɧɬ Ti Nb Mo Zr 
ɉɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ, Ɇɇ/ɦ 1390 2150 1915 1400 

 

 
Ɋɢɫ. 5. Ⱦɟɮɟɤɬɨɝɪɚɦɦɚ ɨɬɥɢɜɤɢ ɜ ɜɢɞɟ ɩɥɢɬɵ ɬɨɥɳɢɧɨɣ 40 ɦɦ ɢɡ ɫɩɥɚɜɚ ȼɌɂ-4 
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Ⱦɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɨɬɥɢɜɨɤ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɪɟɧɬɝɟɧɨɜɫɤɭɸ ɞɟɮɟɤɬɨɫɤɨ-
ɩɢɸ – ɜɵɹɜɥɟɧɵ ɬɢɩɢɱɧɵɟ ɞɟɮɟɤɬɵ ɥɢɬɶɹ: ɭɫɚɞɨɱɧɚɹ ɪɚɤɨɜɢɧɚ ɢ ɫɨɫɪɟɞɨɬɨɱɟɧɧɚɹ ɩɨ-
ɪɢɫɬɨɫɬɶ, ɤɨɬɨɪɵɟ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 5. 

 
Иɫɫɥɟɞɨɜɚɧɢɟ ɦɚɤɪɨ- ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪы ɥɢɬыɯ ɨɛɪɚɡɰɨɜ 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɚɤɪɨɫɬɪɭɤɬɭɪɵ ɨɬɥɢɜɨɤ ɩɪɨɜɨɞɢɥɢ ɧɚ ɬɟɦɩɥɟɬɚɯ, ɜɵɪɟɡɚɧɧɵɯ ɜ 
ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɨɬɥɢɜɨɤ. Ɇɚɤɪɨɫɬɪɭɤɬɭɪɚ ɨɬɥɢɜɨɤ ɜ ɬɨɥɫɬɵɯ ɢ ɬɨɧɤɢɯ ɫɟɱɟ-
ɧɢɹɯ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 6. Ɋɚɡɦɟɪ ɦɚɤɪɨɡɟɪɧɚ ɜ ɫɟɱɟɧɢɢ 40 ɦɦ ɫɨɫɬɚɜɥɹɥ 1500–β500 ɦɤɦ, 
ɚ ɜ ɫɟɱɟɧɢɢ 10 ɦɦ ɢɡɦɟɧɹɥɫɹ ɨɬ 500 ɞɨ 1000 ɦɤɦ. 

 

 
 

Ɋɢɫ. 6. Ɇɚɤɪɨɫɬɪɭɤɬɭɪɚ (×1) ɫɬɭɩɟɧɱɚɬɨɣ ɨɬɥɢɜɤɢ ɢɡ ɫɩɥɚɜɚ ȼɌɂ-4 
 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɥɢɬɵɯ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɧɚ ɨɩɬɢɱɟɫɤɨɦ ɦɢɤɪɨ-

ɫɤɨɩɟ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ×500. ɂɫɯɨɞɧɚɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɥɢɬɨɝɨ ɨɛɪɚɡɰɚ ɫɟɱɟɧɢɟɦ 10 ɦɦ ɩɨ-
ɤɚɡɚɧɚ ɧɚ ɪɢɫ. 7. Ʌɢɬɚɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɜ ɷɬɨɦ ɫɟɱɟɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɪɭɩɧɵɦ ȕ-ɡɟɪɧɨɦ 
ɪɚɡɦɟɪɚɦɢ 500–1000 ɦɤɦ ɢ ɬɨɧɤɢɦɢ ɫɮɟɪɢɱɟɫɤɢɦɢ ɜɵɞɟɥɟɧɢɹɦɢ ɜɧɭɬɪɢ ɡɟɪɧɚ. Ɉɩɪɟ-
ɞɟɥɢɬɶ ɬɨɱɧɵɣ ɪɚɡɦɟɪ ɷɬɢɯ ɜɵɞɟɥɟɧɢɣ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɫɬɪɭɤ-
ɬɭɪɚ ɹɜɥɹɟɬɫɹ ɡɚɤɚɥɟɧɧɨɣ (ɩɪɢɛɥɢɡɢɬɟɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɞɚɧɧɨɝɨ ɭɱɚɫɬɤɚ ɫɨ-
ɫɬɚɜɥɹɥɚ γ00°ɋ/ɫ) ɢ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɨɱɧɵɯ ɡɚɦɟɪɨɜ ɷɥɟɦɟɧɬɨɜ ɫɬɪɭɤɬɭɪɵ. Ɉɪɢɟɧɬɢɪɨ-
ɜɨɱɧɨ ɪɚɡɦɟɪɵ ɷɬɢɯ ɜɵɞɟɥɟɧɢɣ ɫɨɫɬɚɜɥɹɥɢ 1–5 ɦɤɦ. 

 

 
 

Ɋɢɫ. 7. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (×500) ɥɢɬɨɝɨ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 
 
Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɦɢɤɪɨɩɨɪ ɢ ɩɨɞɩɨɜɟɪɯɧɨɫɬɧɵɯ ɞɟɮɟɤɬɨɜ ɥɢɬɵɟ ɡɚɝɨɬɨɜɤɢ ɢɡ ɫɟ-

ɪɢɣɧɵɯ ɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɩɨɞɜɟɪɝɚɸɬ ɝɨɪɹɱɟɦɭ ɢɡɨɫɬɚɬɢɱɟɫɤɨ-
ɦɭ ɩɪɟɫɫɨɜɚɧɢɸ (Ƚɂɉ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɥɢɦɨɪɮɧɨɝɨ ɩɪɟɜɪɚɳɟ-
ɧɢɹ (Ɍɩ.ɩ). Ɉɩɟɪɚɰɢɸ Ƚɂɉ ɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɌɂ-4 ɩɪɨɜɨɞɢɥɢ ɧɚ ɭɫɬɚɧɨɜɤɟ 
Quintus-16. Ɍɢɩɢɱɧɚɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɦɚɬɟɪɢɚɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 8. ȼɢɞɧɨ, ɱɬɨ ɜ 
ɨɛɪɚɡɰɚɯ ɩɨɫɥɟ Ƚɂɉ ɧɟ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɦɢɤɪɨɩɨɪɢɫɬɨɫɬɶ, ɧɨ ɫɨɯɪɚɧɹɟɬɫɹ ɭɫɚɞɨɱɧɚɹ 
ɪɚɤɨɜɢɧɚ ɢ ɫɨɫɪɟɞɨɬɨɱɟɧɧɚɹ ɩɨɪɢɫɬɨɫɬɶ. ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ Ƚɂɉ ɪɚɡɦɟɪɵ ɩɟɪɜɢɱɧɨɝɨ  
ȕ-ɡɟɪɧɚ ɧɟ ɢɡɦɟɧɹɸɬɫɹ, ɨɞɧɚɤɨ ɨɬɦɟɱɟɧɨ ɭɜɟɥɢɱɟɧɢɟ ɪɚɡɦɟɪɨɜ ɜɧɭɬɪɢɡɟɪɟɧɧɵɯ ɜɵɞɟ-
ɥɟɧɢɣ – ɞɨ 5–10 ɦɤɦ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɜ ɨɫɧɨɜɧɨɦ ɫɮɟɪɢɱɟɫɤɭɸ ɮɨɪɦɭ. Ɍɚɤɨɟ ɢɡɦɟɧɟɧɢɟ 
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ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ Ƚɂɉ ɫɩɥɚɜɚ ȼɌɂ-4 ɩɪɨɜɨɞɢɥɢ ɜ ɬɪɟɯɮɚɡɧɨɣ 
ȕ+ɨɪɬɨ+α2-ɨɛɥɚɫɬɢ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɨɞɧɨɮɚɡɧɨɣ ɨɛɥɚɫɬɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɪɟɡɤɨ ɜɵɪɚɫɬɚɟɬ 
ɡɟɪɧɨ, ɫɨɫɬɚɜɥɹɟɬ 11β5°ɋ [17]. 

 

 
Ɋɢɫ. 8. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (×500) ɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɫɟɱɟɧɢɟɦ 10 ɦɦ ɩɨɫɥɟ Ƚɂɉ 

 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɥɢɬɟɣɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɩɥɚɜɚ ȼɌɂ-4 ɩɨɤɚɡɚɥɨ, ɱɬɨ ɞɥɹ ɩɨɥɭɱɟ-

ɧɢɹ ɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ ɢ ɞɟɬɚɥɟɣ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɭɳɟɫɬɜɭɸɳɢɟ ɬɟɯɧɨɥɨɝɢɢ ɝɚɪɧɢ-
ɫɚɠɧɨɣ ɩɥɚɜɤɢ ɢ ɩɥɚɜɢɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ – ɞɭɝɨɜɵɟ ɩɟɱɢ ɈɄȻ 8γγȾ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟ-
ɱɢɜɚɸɬ ɩɟɪɟɝɪɟɜ ɪɚɫɩɥɚɜɚ ɧɚ 100–150°ɋ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɥɢɤɜɢɞɭɫ. 

Ⱦɥɹ ɫɨɯɪɚɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɩɥɚɜɚ ɢ ɭɥɭɱɲɟɧɢɹ ɠɢɞɤɨɬɟɤɭɱɟɫɬɢ ɩɪɢ ɡɚɥɢɜ-
ɤɟ ɦɟɬɚɥɥɚ ɜ ɮɨɪɦɵ, ɥɢɬɧɢɤɨɜɵɟ ɫɢɫɬɟɦɵ ɩɢɬɚɬɟɥɟɣ ɞɨɥɠɧɵ ɢɦɟɬɶ ɧɚ β5–γ0% ɭɜɟɥɢ-
ɱɟɧɧɵɟ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɣ. 

ɉɪɢ ɩɨɥɭɱɟɧɢɢ ɬɨɧɤɨɫɬɟɧɧɵɯ ɨɬɥɢɜɨɤ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɰɟɧɬɪɨɛɟɠ-
ɧɭɸ ɡɚɥɢɜɤɭ ɮɨɪɦ, ɨɛɟɫɩɟɱɢɜɚɸɳɭɸ ɡɚ ɫɱɟɬ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɷɮɮɟɤɬɚ ɥɭɱɲɟɟ ɡɚɩɨɥ-
ɧɟɧɢɟ ɢɯ ɠɢɞɤɢɦ ɦɟɬɚɥɥɨɦ. ɉɪɢ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɰɟɧɬɪɨɛɟɠɧɨɣ ɡɚɥɢɜɤɢ (ɪɚɫ-
ɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɜɪɚɳɟɧɢɹ ɢ ɨɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɨɛɨɪɨɬɨɜ) ɜɥɢɹɧɢɟ ɦɚɬɟɪɢɚɥɚ ɮɨɪɦɵ ɧɚ 
ɟɟ ɡɚɩɨɥɧɹɟɦɨɫɬɶ ɛɭɞɟɬ ɭɦɟɧɶɲɚɬɶɫɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɤɚɪɞɢɧɚɥɶɧɵɯ ɦɟɪ ɩɨ ɩɨɥɭɱɟɧɢɸ ɤɚɱɟɫɬɜɟɧɧɵɯ ɨɬɥɢɜɨɤ ɢɡ ɢɧɬɟɪɦɟ-
ɬɚɥɥɢɞɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɧɚɪɹɞɭ ɫ ɰɟɧɬɪɨɛɟɠɧɨɣ ɡɚɥɢɜɤɨɣ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶ-
ɡɨɜɚɬɶ ɩɨɞɨɝɪɟɜɚɟɦɵɟ ɥɢɬɟɣɧɵɟ ɮɨɪɦɵ, ɤɨɬɨɪɵɟ ɫɨɯɪɚɧɹɬ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ ɫɩɥɚɜɨɜ, 
ɨɛɟɫɩɟɱɚɬ ɥɭɱɲɟɟ ɢɯ ɡɚɩɨɥɧɟɧɢɟ ɢ ɩɨɡɜɨɥɹɬ ɫɧɢɡɢɬɶ ɬɟɪɦɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɜɨɡɧɢ-
ɤɚɸɳɢɟ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɨɬɥɢɜɨɤ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

Ɉɩɪɟɞɟɥɟɧɵ ɥɢɬɟɣɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ ȼɌɂ-4 ɩɪɢ-
ɦɟɧɢɬɟɥɶɧɨ ɤ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɨɣ ɝɚɪɧɢɫɚɠɧɨɣ ɩɟɱɢ ɫ ɰɟɧɬɪɨɛɟɠɧɨɣ ɡɚɥɢɜɤɨɣ ɪɚɫɩɥɚɜɚ 
ɜ ɤɟɪɚɦɢɱɟɫɤɢɟ ɢɥɢ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɮɨɪɦɵ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɣ ɫɩɥɚɜ ȼɌɂ-4 ɢɦɟɟɬ ɧɢɡɤɢɟ ɥɢɬɟɣɧɵɟ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɩɥɚɜɨɦ ȼɌ5Ʌ: ɧɚ 40% ɛɨɥɶɲɟ ɨɛɴɟɦɧɭɸ ɭɫɚɞɤɭ, ɧɚ 
44% ɦɟɧɶɲɟ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ ɢ ɧɚ β6–β8% ɦɟɧɶɲɟ ɡɚɩɨɥɧɹɟɦɨɫɬɶ ɮɨɪɦɵ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɵɯ ɨɬɥɢɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɌɂ-4 ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨ-
ɜɚɬɶ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɞɨɩɭɫɤɚɸɳɟɟ ɩɟɪɟɝɪɟɜ ɪɚɫɩɥɚɜɚ ɧɚ 100–150°ɋ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɥɢɤɜɢɞɭɫ, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɞɨɝɪɟɜɚɟɦɵɟ ɤɟɪɚɦɢɱɟɫɤɢɟ ɥɢɬɟɣɧɵɟ ɮɨɪɦɵ, ɜ ɤɨɬɨ-
ɪɵɯ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɵɫɨɤɚɹ ɡɚɩɨɥɧɹɟɦɨɫɬɶ ɢ ɭɫɬɪɚɧɹɸɬɫɹ ɬɟɪɦɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ 
ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɨɬɥɢɜɨɤ. 

ɉɨɥɭɱɟɧɧɵɟ ɥɢɬɟɣɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɩɥɚɜɚ ȼɌɂ-4 ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɨɩɵɬɧɨɣ ɥɢɬɟɣɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡ ɧɟɝɨ ɞɟɬɚɥɟɣ. 
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ɬɢɬɚɧɚ ɜ ɩɪɨɰɟɫɫɟ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ // ȼɟɫɬɧɢɤ ɊɎɎɂ. β015. №1 (85). ɋ. 18–26. 
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ɍȾɄ 6β1.791 
 

Ʌ.ɂ. ɉɚɪɲɭɤɨɜ1, Ɏ.Ɂ. Ƚɢɥɶɦɭɬɞɢɧɨɜ2 
 

ɗɅȿɄɌɊɈɇɇɈ-ɅɍɑȿȼȺə ɋȼȺɊɄȺ 
ɂ  ɅɈɄȺɅɖɇȺə ɌȿɊɆɈɈȻɊȺȻɈɌɄȺ 
ɋȼȺɊɇɕɏ  ɒȼɈȼ  ɂɁ  ɀȺɊɈɉɊɈɑɇɕɏ ɋɉɅȺȼɈȼ 
 
DOI: 10.18577/2307-6046-2017-0-5-3-3 
 

ɂɫɫɥɟɞɨɜɚɧɵ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɧɚɩɪɹɠɟɧɢɣ, ɨɩɪɟɞɟɥɟɧ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, 
ɫɬɪɭɤɬɭɪɚ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɧɚ 
ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ ɩɨɫɥɟ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɫɜɚɪɤɢ. Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ 
ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 10.8. «Ɍɟɯɧɨɥɨɝɢɢ ɫɜɚɪɤɢ ɩɥɚɜɥɟɧɢɟɦ 
ɧɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ») Д1Ж. 

Кɥюɱɟɜыɟ ɫɥɨɜɚ: ɠɚɪɨɩɪɨɱɧɵɟ ɞɢɫɩɟɪɫɢɨɧɧɨ-ɬɜɟɪɞɟɸɳɢɟ ɫɩɥɚɜɵ (ɏɇ45ɆȼɌɘȻɊ ɢ 
ɏɇ50ȼɆɌɘȻ), ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɚɹ ɫɜɚɪɤɚ, ɥɨɤɚɥɶɧɚɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ, ɫɜɚɪɧɨɣ ɲɨɜ, 
ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

 
We studied the temperature field and stress determine the chemical composition, structure 

and mechanical properties of welded joints of heat-resistant nickel-based alloys after electron 
beam welding. The work is executed within the frames of the complex scientific direction 10.8. 
«FЮsТШn аОХНТnР tОМСnШХШРТОs ШП nОа strЮМtЮrКХ mКtОrТКХs» («TСО strКtОРТМ НТrection of devel-
ШЩmОnt ШП mКtОrТКХs КnН tОМСnШХШРТОs ШП tСОТr ЩrШМОssТnР ПШr tСО ЩОrТШН tТХХ 2030») Д1Ж. 

Keywords: heat resisting age-hardening alloys (ɏɇ45ɆȼɌɘȻɊ and ɏɇ50ȼɆɌɘȻ), elec-
tron beam bonding, local heat treatment, welded seam, mechanical properties. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
state unitary enterprise «AХХ-RЮssТКЧ sМТОЧЭТПТМ rОsОКrМС ТЧsЭТЭЮЭО ШП КЯТКЭТШЧ ЦКЭОrТКХs» State research center 
of the Russian Federation]; e-mail: admin@viam.ru 
2Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɧɚɭɤɢ Ɏɢɡɢɤɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ ɍɪɚɥɶ-
ɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ [Federal state budgetary institution of science Physics and 
technology Institute of Ural Branch of Russian Academy of Sciences]; e-mail: gilmutdinov_f@mail.ru 

 
ȼɜɟɞɟɧɢɟ 

ȼ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɫɥɨɠɧɨɥɟɝɢɪɨɜɚɧɧɵɟ 
ɫɩɥɚɜɵ, ɨɛɥɚɞɚɸɳɢɟ ɜɵɫɨɤɢɦɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ: ɠɚɪɨɩɪɨɱɧɨɫɬɶɸ ɢ 
ɠɚɪɨɫɬɨɣɤɨɫɬɶɸ Дβ–11Ж. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɠɚɪɨɩɪɨɱɧɵɟ ɞɢɫɩɟɪɫɢɨɧɧɨ-ɬɜɟɪɞɟɸɳɢɟ 
ɫɩɥɚɜɵ, ɨɫɧɨɜɨɣ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɧɢɤɟɥɶ. ɂɡ-ɡɚ ɫɥɨɠɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɨɧɢ 
ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɬɟɪɦɢɱɟɫɤɢɦ ɜɨɡɞɟɣɫɬɜɢɹɦ, ɬɚɤɢɦ ɤɚɤ ɫɜɚɪɤɚ Д1β–15Ж. ɉɪɚɜɢɥɶɧɵɣ 
ɜɵɛɨɪ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɫɜɚɪɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ, ɢɯ ɫɨɛɥɸɞɟɧɢɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɭɱɟɧɢɟ ɡɚɞɚɧɧɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɤɨɧɫɬɪɭɤɰɢɢ. 

Ɇɨɳɧɵɟ ɬɟɩɥɨɜɵɟ ɜɨɡɞɟɣɫɬɜɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɪɚɫɩɥɚɜɥɟɧɢɟɦ ɦɟɬɚɥɥɚ ɩɪɢ ɮɨɪɦɢ-
ɪɨɜɚɧɢɢ ɫɜɚɪɧɨɝɨ ɲɜɚ, ɜɵɡɵɜɚɸɬ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɚɜɚ, ɫɬɪɭɤɬɭɪɵ, ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɫɜɚɪɧɨɦ ɲɜɟ ɢ ɜ ɡɨɧɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ, ɱɬɨ ɜɥɟɱɟɬ 
ɡɚ ɫɨɛɨɣ ɫɭɳɟɫɬɜɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɢ ɩɥɚɫɬɢɱɧɨɫɬɢ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɧɨɜɧɵɦ ɦɚɬɟɪɢɚɥɨɦ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɣ ɩɪɨɱɧɨɫɬɢ 
ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɪɢɯɨɞɢɬɫɹ ɢɫɤɚɬɶ ɪɟɠɢɦɵ ɫɜɚɪɤɢ ɢ ɞɚɥɶɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɢ  
ɫɜɚɪɧɵɯ ɲɜɨɜ ɠɚɪɨɩɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɨɬɤɪɵɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɢ  
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ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɩɥɚɜɨɜ ɜ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬɚɯ, ɤɨɝɞɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɛɵɥɨ ɛɵ ɡɚɦɟɧɢɬɶ ɢ ɬɟɪɦɢɱɟɫɤɢ ɭɩɪɨɱɧɢɬɶ ɤɚɤɨɣ-ɥɢɛɨ ɭɡɟɥ, ɜɵɲɟɞɲɢɣ ɢɡ ɫɬɪɨɹ, ɨɬ-
ɞɟɥɶɧɨ, ɧɟ ɨɛɪɚɛɚɬɵɜɚɹ ɜɫɸ ɤɨɧɫɬɪɭɤɰɢɸ. Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɫɜɚɪɟɧɧɵɯ ɩɨ ɫɨɫɬɚɪɟɧɧɨɣ ɨɫɧɨɜɟ, ɱɬɨ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɩɪɢɦɟɧɟɧɢɟ 
ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɫɬɚɪɢɬɶ ɤɨɧɫɬɪɭɤɰɢɸ ɧɟ ɜɫɸ ɰɟɥɢɤɨɦ, ɚ ɧɟ-
ɛɨɥɶɲɢɦɢ ɱɚɫɬɹɦɢ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɞɟɲɟɜɥɹɟɬ ɫɬɨɢɦɨɫɬɶ ɜɫɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɰɟɥɨɦ. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɫɜɚɪɢɜɚɟɦɨɫɬɶ ɠɚɪɨɩɪɨɱɧɵɯ ɞɢɫɩɟɪɫɢɨɧɧɨ-ɬɜɟɪɞɟɸɳɢɯ ɫɩɥɚ-
ɜɨɜ ɦɚɪɨɤ ɏɇ45ɆȼɌɘȻɊ ɢ ɏɇ50ȼɆɌɘȻ ɜɵɩɨɥɧɹɥɢ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɛɪɚɡɰɚɯ 
(ɩɥɚɫɬɢɧɵ 100×β00×β,5 ɦɦ ɞɥɹ ɫɩɥɚɜɚ ɏɇ45ɆȼɌɘȻɊ ɢ ɩɥɚɫɬɢɧɵ 100×β00×β,0 ɦɦ ɞɥɹ 
ɫɩɥɚɜɚ ɏɇ50ȼɆɌɘȻ). 

ɗɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɚɹ ɫɜɚɪɤɚ (ɗɅɋ) ɢ ɩɨɫɥɟɞɭɸɳɚɹ ɭɩɪɨɱɧɹɸɳɚɹ ɥɨɤɚɥɶɧɚɹ ɬɟɪ-
ɦɨɨɛɪɚɛɨɬɤɚ (ɅɌɈ) ɩɪɨɜɟɞɟɧɵ ɷɥɟɤɬɪɨɧɧɵɦ ɥɭɱɨɦ ɜ ɜɚɤɭɭɦɟ ɧɚ ɭɫɬɚɧɨɜɤɟ ɗɅɍɊɋ-Ɇ, 
ɨɫɧɚɳɟɧɧɨɣ ɚɝɪɟɝɚɬɨɦ ɗɅȺ-50/5Ɇ ɢ ɫɢɫɬɟɦɨɣ ɩɪɨɝɪɚɦɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɛɚɡɟ 
ɭɫɬɪɨɣɫɬɜɚ ɑɉɍ «Ɇɚɹɤ-4β». ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɨɛɪɚɡɰɨɜ ɨɩɪɟɞɟɥɟɧ ɦɟɬɨɞɚɦɢ ɪɟɧɬɝɟ-
ɧɨɷɥɟɤɬɪɨɧɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ ɜɬɨɪɢɱɧɨ-ɢɨɧɧɨɣ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɧɚ ɫɩɟɤɬɪɨɦɟɬ-
ɪɚɯ ɗɋ-β401 ɢ Ɇɋ-7β01Ɇ. 

Ɇɢɤɪɨɬɜɟɪɞɨɫɬɶ ɢɡɦɟɪɹɥɢ ɩɪɢɛɨɪɨɦ ɉɆɌ-γ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪ 
ɜɵɩɨɥɧɹɥɢ ɫ ɩɨɦɨɳɶɸ ɦɢɤɪɨɫɤɨɩɚ ɆɆɊ-4. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɨɰɟɧɤɭ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɢ ɥɨɤɚɥɶɧɨɣ ɬɟɪɦɨɰɢɤɥɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɪɚɫɮɨɤɭɫɢɪɨɜɚɧɧɵɦ ɷɥɟɤɬɪɨɧɧɵɦ ɥɭɱɨɦ ɫɜɚɪɧɨɝɨ ɲɜɚ ɩɪɨɢɡɜɨɞɢɥɢ ɩɪɢ 
ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɵ ɪɚɫɱɟɬɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɜ ɩɥɚɫɬɢɧɟ ɩɪɢ ɞɜɢɝɚɸɳɟɦɫɹ ɩɨ 
ɩɨɜɟɪɯɧɨɫɬɢ ɥɨɤɚɥɶɧɨɦ ɢɫɬɨɱɧɢɤɟ ɬɟɩɥɚ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɉɪɨɜɟɞɟɧɵ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɫɜɚɪɢɜɚɟɦɨɝɨ ɦɟɬɚɥ-
ɥɚ ɢ ɫɜɚɪɧɵɯ ɲɜɨɜ, ɫɜɚɪɟɧɧɵɯ ɗɅɋ. 

ɋɜɚɪɧɵɟ ɲɜɵ ɢɡ ɫɩɥɚɜɨɜ ɦɚɪɨɤ ɏɇ45ɆȼɌɘȻɊ ɢ ɏɇ50ȼɆɌɘȻ ɩɨɞɜɟɪɝɧɭɬɵ 
ɲɬɚɬɧɨɣ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ (ɌɈ), ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ Ɍɍ14-1-1059–74 ɢ 
Ɍɍ14-1-1052–74 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɋɟɠɢɦ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɜ ɤɚɦɟɪɧɨɣ ɩɟɱɢ ɋɇɈ 4.8.β,5/10 ɜ ɫɪɟɞɟ ɚɪɝɨɧɚ ɞɥɹ ɫɩɥɚ-
ɜɚ ɦɚɪɤɢ ɏɇ45ɆȼɌɘȻɊ ɜɤɥɸɱɚɥ: 

– ɡɚɤɚɥɤɭ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 10γ0°ɋ; 
– ɫɬɚɪɟɧɢɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 800°ɋ ɜ ɬɟɱɟɧɢɟ 5 ɱ ɫ ɨɯɥɚɠɞɟɧɢɟɦ ɧɚ ɜɨɡɞɭɯɟ; 
– ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɬɚɪɟɧɢɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 710°ɋ ɜ ɬɟɱɟɧɢɟ 15 ɱ, ɨɯɥɚɠɞɟɧɢɟ 

ɧɚ ɜɨɡɞɭɯɟ. 
Ɋɟɠɢɦ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɞɥɹ ɫɩɥɚɜɚ ɦɚɪɤɢ ɏɇ50ȼɆɌɘȻ ɜɤɥɸɱɚɥ: 

– ɡɚɤɚɥɤɭ ɜ ɷɥɟɤɬɪɨɜɚɤɭɭɦɧɨɣ ɩɟɱɢ ɋɗȼ γ.γ/11,5 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1140°ɋ ɜ ɬɟɱɟɧɢɟ 
1 ɱ; 

– ɫɬɚɪɟɧɢɟ ɜ ɤɚɦɟɪɧɨɣ ɩɟɱɢ ɋɇɈ 4.8.β,5/10 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 900°ɋ ɜ ɫɪɟɞɟ ɚɪɝɨɧɚ ɜ 
ɬɟɱɟɧɢɟ 16 ɱ ɫ ɨɯɥɚɠɞɟɧɢɟɦ ɧɚ ɜɨɡɞɭɯɟ. 

ɉɨɫɤɨɥɶɤɭ ɫɜɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɫɜɚɪɤɨɣ ɩɨ ɡɚɤɚɥɟɧɧɨɣ ɨɫɧɨɜɟ ɢɫ-
ɫɥɟɞɭɟɦɵɯ ɫɩɥɚɜɨɜ, ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɧɟ ɢɦɟɟɬ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ ɩɨɫɥɟ 
ɨɛɳɟɣ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɜɫɟɝɨ ɫɜɚɪɧɨɝɨ ɭɡɥɚ, ɬɨ ɞɚɥɶɧɟɣɲɢɟ ɪɚɛɨɬɵ ɧɚɩɪɚɜ-
ɥɟɧɵ ɧɚ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ: ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ – ɫɜɚɪɤɚ ɩɨ 
ɫɨɫɬɚɪɟɧɧɨɦɭ ɦɟɬɚɥɥɭ ɫ ɞɚɥɶɧɟɣɲɟɣ ɥɨɤɚɥɶɧɨɣ ɢ ɨɛɳɟɣ ɌɈ ɫɜɚɪɧɨɝɨ ɲɜɚ. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɦɚɪɤɢ ɏɇ45ɆȼɌɘȻɊ (ɪɢɫ. 1) ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɠɟɥɟɡɨɯɪɨɦɨɧɢɤɟɥɟɜɵɣ ɚɭɫɬɟɧɢɬ ɫ ɜɟɥɢɱɢɧɨɣ ɡɟɪɧɚ, ɪɚɜɧɨɣ 8 ɛɚɥɥɚɦ  
(ȽɈɋɌ 56γ9-822), ɜ ɤɨɬɨɪɨɦ ɧɚɯɨɞɹɬɫɹ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɟ ɜɵɞɟɥɟɧɢɹ ɫ ɬɜɟɪɞɨɫɬɶɸ 
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ɇ100βγ4-βγ9. Ɇɚɤɪɨɬɜɟɪɞɨɫɬɶ ɪɚɜɧɚ 89–90 ɇRȼ (1179–1184 ɇȼ), ɱɬɨ ɫɨɝɥɚɫɧɨ  
ɊɌɆγ-1947–91 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɟɞɟɥɭ ɩɪɨɱɧɨɫɬɢ ɧɟ ɛɨɥɟɟ 650 Ɇɉɚ. 

ɇɚ ɪɢɫ. β ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɚɤɪɨɫɬɪɭɤɬɭɪɚ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɠɚɪɨɩɪɨɱɧɨɝɨ 
ɫɩɥɚɜɚ ɦɚɪɤɢ ɏɇ45ɆȼɌɘȻɊ ɩɨɫɥɟ ɗɅɋ ɩɨ ɡɚɤɚɥɟɧɧɨɣ ɨɫɧɨɜɟ ɢ ɲɬɚɬɧɨɣ ɌɈ. ɒɨɜ ɫ 
ɡɨɧɨɣ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ (ɁɌȼ) ɢɦɟɟɬ ɩɨɩɟɪɟɱɧɵɟ ɪɚɡɦɟɪɵ β,8β ɦɦ. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ – ɥɢɬɚɹ (ɪɢɫ. γ), ɢɡ ɡɟɪɟɧ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨ-
ɪɚ ɜɵɞɟɥɢɥɢɫɶ ɭɩɪɨɱɧɹɸɳɢɟ ɮɚɡɵ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ. ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɦɢɤɪɨɬɜɟɪɞɨ-
ɫɬɢ ɇ200=351,6. 

 
Ɋɢɫ. 1. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (×γ00) ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɫɩɥɚɜɚ ɦɚɪɤɢ ɏɇ45ɆȼɌɘȻɊ ɜ ɡɚɤɚɥɟɧ-

ɧɨɦ ɫɨɫɬɨɹɧɢɢ ɫ ɬɜɟɪɞɨɫɬɶɸ 89–90 ɇRȼ (1179–1184 ɇȼ) 
 

 
 

Ɋɢɫ. β. ȼɧɟɲɧɢɣ ɜɢɞ (×9) ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɠɚɪɨɩɪɨɱɧɨɝɨ ɫɩɥɚɜɚ ɦɚɪɤɢ ɏɇ45ɆȼɌɘȻɊ, 
ɜɵɩɨɥɧɟɧɧɨɝɨ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɫɜɚɪɤɨɣ ɩɨ ɡɚɤɚɥɟɧɧɨɣ ɨɫɧɨɜɟ, ɩɨɫɥɟ ɡɚɤɚɥɤɢ ɢ ɫɬɚɪɟɧɢɹ ɩɨ 
ɲɬɚɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ 

 

 
Ɋɢɫ. γ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (×γ00) ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ (ɚ) ɢ ɝɪɚɧɢɰɵ ɫɩɥɚɜɥɟɧɢɹ ɫɜɚɪɧɨɝɨ ɲɜɚ 

(ɛ) ɫɩɥɚɜɚ ɦɚɪɤɢ ɏɇ45ɆȼɌɘȻɊ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɫɜɚɪɤɨɣ ɩɨ ɡɚɤɚɥɟɧɧɨɣ 
ɨɫɧɨɜɟ, ɩɨɫɥɟ ɡɚɤɚɥɤɢ ɢ ɫɬɚɪɟɧɢɹ ɩɨ ɲɬɚɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ 
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Ƚɪɚɧɢɰɚ ɫɩɥɚɜɥɟɧɢɹ ɧɚ ɪɢɫ. γ, ɛ – ɱɟɬɤɚɹ, ɫ ɜɵɞɟɥɟɧɢɹɦɢ ɭɩɪɨɱɧɹɸɳɢɯ ɮɚɡ ɩɨ 
ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ. Ɇɢɤɪɨɬɜɟɪɞɨɫɬɶ ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ ɇ200=339–γ59. ȼ ɡɨɧɟ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɜɥɢɹɧɢɹ ɧɚɛɥɸɞɚɸɬɫɹ ɨɛɥɚɫɬɢ: ɩɨɥɧɨɣ, ɱɚɫɬɢɱɧɨɣ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɡɚɤɚɥɤɢ. 
ɋɬɪɭɤɬɭɪɚ ɫɨɫɬɨɢɬ ɢɡ ɤɪɭɩɧɵɯ ɡɟɪɟɧ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ, ɭɩɪɨɱɧɟɧɧɵɯ ɜɵɞɟɥɟɧɢɹɦɢ 
ɤɚɪɛɢɞɨɜ ɩɨ ɬɟɥɭ ɢ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ. 

ɇɚ ɪɢɫ. 4 ɢɡɨɛɪɚɠɟɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɢɡ ɫɩɥɚɜɚ ɦɚɪɤɢ 
ɏɇ50ɆȼɌɘȻ ɜ ɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ ɜ ɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨɹ-
ɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɜɟɪɞɨɦɭ ɪɚɫɬɜɨɪɭ, ɜ ɤɨɬɨɪɨɦ ɪɚɫɬɜɨɪɟɧɵ ɜɫɟ ɭɩɪɨɱɧɹɸɳɢɟ ɮɚɡɵ, ɫ 
ɬɜɟɪɞɨɫɬɶɸ 89–90 ɇRȼ (1179–1184 ɇȼ), ɱɬɨ, ɫɨɝɥɚɫɧɨ ɊɌɆγ-1947–91, ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɩɪɟɞɟɥɭ ɩɪɨɱɧɨɫɬɢ ɧɟ ɛɨɥɟɟ 1000 Ɇɉɚ. 

 

 
 

Ɋɢɫ. 4. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (×γ00) ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɫɩɥɚɜɚ ɦɚɪɤɢ ɏɇ50ȼɆɌɘȻ ɜ ɡɚɤɚɥɟɧɧɨɦ 
ɫɨɫɬɨɹɧɢɢ ɫ ɬɜɟɪɞɨɫɬɶɸ 89–90 ɇRȼ (1179–184 ɇȼ) 

 
ɇɚ ɪɢɫ. 5 ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɚɤɪɨɫɬɪɭɤɬɭɪɚ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɠɚɪɨɩɪɨɱɧɨɝɨ 

ɫɩɥɚɜɚ ɦɚɪɤɢ ɏɇ50ȼɆɌɘȻ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɗɅɋ ɬɚɤɠɟ ɩɨ ɡɚɤɚɥɟɧɧɨɣ ɨɫɧɨɜɟ, ɧɨ ɫ ɩɨ-
ɫɥɟɞɭɸɳɟɣ ɡɚɤɚɥɤɨɣ ɢ ɫɬɚɪɟɧɢɟɦ ɩɨ ɲɬɚɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ. Ɂɨɧɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ 
ɲɜɚ, ɫɜɚɪɟɧɧɨɝɨ ɷɥɟɤɬɪɨɧɧɵɦ ɥɭɱɨɦ, ɢɦɟɟɬ ɩɨɩɟɪɟɱɧɵɟ ɪɚɡɦɟɪɵ γ,5 ɦɦ. Ɇɢɤɪɨɫɬɪɭɤ-
ɬɭɪɚ ɲɜɚ, ɫɜɚɪɟɧɧɨɝɨ ɷɥɟɤɬɪɨɧɧɵɦ ɥɭɱɨɦ, ɢɦɟɟɬ ɩɥɨɬɧɨɟ ɞɟɧɞɪɢɬɧɨɟ ɫɬɪɨɟɧɢɟ ɫ ɬɜɟɪ-
ɞɨɫɬɶɸ ɇ100=β76. Ƚɪɚɧɢɰɚ ɫɩɥɚɜɥɟɧɢɹ ɢɦɟɟɬ ɩɥɚɜɧɵɣ ɩɟɪɟɯɨɞ ɤ ɡɨɧɟ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɜɥɢɹɧɢɹ, ɟɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɬɨɧɤɚɹ ɛɟɡ ɭɬɨɥɳɟɧɢɹ ɝɪɚɧɢɰ ɡɟɪɟɧ. Ɇɢɤɪɨɬɜɟɪɞɨɫɬɶ ɝɪɚ-
ɧɢɰɵ ɫɩɥɚɜɥɟɧɢɹ ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ ɇ100=268–276. 

 

 
 

Ɋɢɫ. 5. ȼɧɟɲɧɢɣ ɜɢɞ (×9) ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɠɚɪɨɩɪɨɱɧɨɝɨ ɫɩɥɚɜɚ ɦɚɪɤɢ ɏɇ50ȼɆɌɘȻ, 
ɜɵɩɨɥɧɟɧɧɨɝɨ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɫɜɚɪɤɨɣ ɩɨ ɡɚɤɚɥɟɧɧɨɣ ɨɫɧɨɜɟ, ɩɨɫɥɟ ɡɚɤɚɥɤɢ ɢ ɫɬɚɪɟɧɢɹ ɩɨ 
ɲɬɚɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ 
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ȼ ɡɨɧɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɥɚɫɬɶ ɩɨɥɧɨɣ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɫ ɦɢɤɪɨɬɜɟɪɞɨɫɬɶɸ ɇ100=β66 ɢ ɜɟɥɢɱɢɧɨɣ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɝɨ ɡɟɪɧɚ 6–7 ɛɚɥɥɨɜ ɩɨ 
ȽɈɋɌ 56γ9–82. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ – ɥɢɬɚɹ (ɪɢɫ. 6, ɚ), ɫɨɫɬɨɹɳɚɹ ɢɡ ɞɟɧɞɪɢ-
ɬɨɜ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ ɢ ɞɢɫɩɟɪɫɧɵɯ ɡɟɪɧɢɫɬɵɯ ɜɵɞɟɥɟɧɢɣ ɤɚɪɛɢɞɧɵɯ 
ɮɚɡ, ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɜ ɨɛɴɟɦɟ ɦɟɬɚɥɥɚ ɲɜɚ. 

ɇɚ ɪɢɫ. 6, ɛ ɩɪɟɞɫɬɚɜɥɟɧɚ ɝɪɚɧɢɰɚ ɫɩɥɚɜɥɟɧɢɹ ɫ ɜɵɞɟɥɟɧɢɹɦɢ ɤɚɪɛɢɞɧɵɯ ɮɚɡ ɩɨ 
ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ, ɞɟɧɞɪɢɬɨɜ, ɫɨ ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɟɦ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɇ200=β8γ. ȼ ɡɨɧɟ 
ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ ɧɚɛɥɸɞɚɸɬɫɹ ɨɛɥɚɫɬɢ ɩɨɥɧɨɣ, ɱɚɫɬɢɱɧɨɣ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ 
ɡɚɤɚɥɤɢ. ɋɬɪɭɤɬɭɪɚ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɟɪɧɚ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɢ-
ɤɟɥɹ ɢ ɜɵɞɟɥɟɧɢɹ ɤɚɪɛɢɞɧɵɯ ɮɚɡ ɜ ɬɟɥɟ ɢ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ. Ɇɢɤɪɨɬɜɟɪɞɨɫɬɶ ɢɦɟɟɬ 
ɡɧɚɱɟɧɢɟ ɇ200=278–288. 

 
Ɋɢɫ. 6. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (×γ00) ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ (ɚ) ɢ ɝɪɚɧɢɰɵ ɫɩɥɚɜɥɟɧɢɹ ɫɜɚɪɧɨɝɨ ɲɜɚ 

(ɛ) ɫɩɥɚɜɚ ɦɚɪɤɢ ɏɇ50ȼɆɌɘȻ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɫɜɚɪɤɨɣ ɩɨ ɡɚɤɚɥɟɧɧɨɣ ɨɫ-
ɧɨɜɟ, ɩɨɫɥɟ ɡɚɤɚɥɤɢ ɢ ɫɬɚɪɟɧɢɹ ɩɨ ɲɬɚɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ 

 
Ɋɚɫɱɟɬ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɪɚɦɤɚɯ ɫɬɪɭɤɬɭɪɧɨ-

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɩɪɨɱɧɨɫɬɢ Д16Ж ɫ ɭɱɟɬɨɦ ɚɤɬɢɜɧɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ, ɩɨɥɡɭɱɟɫɬɢ, 
ɞɢɮɮɭɡɢɨɧɧɨɣ ɩɨɥɡɭɱɟɫɬɢ, ɪɟɥɚɤɫɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɤɚɤ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɜɚɪ-
ɤɢ, ɬɚɤ ɢ ɩɪɢ ɫɬɚɪɟɧɢɢ ɜ ɫɜɚɪɧɨɦ ɲɜɟ, ɜɨɡɧɢɤɚɸɬ ɦɟɯɚɧɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɫɨɩɨɫɬɚ-
ɜɢɦɵɟ ɫ ɩɪɟɞɟɥɨɦ ɩɪɨɱɧɨɫɬɢ. 

ɂɡɦɟɧɟɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢ ɫɬɪɭɤɬɭɪɵ, ɧɚɥɢɱɢɟ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ 
ɢ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɱɟɱɧɵɯ ɞɟɮɟɤɬɨɜ ɜɥɢɹɸɬ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ, ɤɢɧɟɬɢɤɭ 
ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɪɟɜɪɚɳɟɧɢɣ ɩɪɢ ɗɅɋ ɲɜɨɜ. ȼɵɫɨɤɚɹ ɩɥɨɬɧɨɫɬɶ ɞɟɮɟɤɬɨɜ, ɫɨ-
ɡɞɚɧɧɵɯ ɩɪɢ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɢ ɧɚɥɢɱɢɟ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɫɭɳɟɫɬɜɟɧ-
ɧɨ ɭɫɤɨɪɹɸɬ ɩɪɨɰɟɫɫ ɜɵɞɟɥɟɧɢɹ ɭɩɪɨɱɧɹɸɳɢɯ ɮɚɡ ɜ ɫɜɚɪɧɨɦ ɲɜɟ. ɋɬɚɧɞɚɪɬɧɚɹ ɌɈ ɩɨ 
ɪɟɠɢɦɚɦ, ɭɤɚɡɚɧɧɵɦ ɪɚɧɟɟ, ɩɪɢɜɟɥɚ ɤ ɞɨɫɬɢɠɟɧɢɸ ɪɚɜɧɨɜɟɫɧɨɣ ɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚɥɚ 
ɲɜɚ, ɤɨɬɨɪɚɹ ɚɧɚɥɨɝɢɱɧɚ ɫɬɪɭɤɬɭɪɟ ɫɨɫɬɚɪɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɛɟɡ ɲɜɚ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɟɬɨɞɚɦɢ ɪɟɧɬɝɟɧɨɷɥɟɤɬɪɨɧɧɨɣ ɢ Ɉɠɟ-ɷɥɟɤɬɪɨɧɧɨɣ ɫɩɟɤɬɪɨ-
ɫɤɨɩɢɢ ɢ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɢɫɫɥɟɞɨɜɚɧɵ ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɨɟ ɫɨɫɬɨɹɧɢɟ ɢ 
ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɩɥɚɜɨɜ ɦɚɪɨɤ ɏɇ45ɆȼɌɘȻɊ ɢ ɏɇ50ȼɆɌɘȻ ɜ ɫɨɫɬɨɹɧɢɢ ɩɨɫɬɚɜ-
ɤɢ (ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɩɥɚɫɬɢɧɵ) ɢ ɢɯ ɲɜɵ, ɩɨɥɭɱɟɧɧɵɟ ɗɅɋ. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɩɨɥɧɟɧɵ ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ȾɊɈɇ-γɆ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Cu Kα-ɢɡɥɭɱɟɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɨɛɪɚɛɨɬɚɧɵ ɫ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ ɚɧɚɥɢɡɚ ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ. 

Ⱦɚɥɟɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɨɜ 
ɦɚɪɨɤ ɏɇ50ȼɆɌɘȻ ɢ ɏɇ45ɆȼɌɘȻɊ. 
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ɋɩɥɚɜ ɦɚɪɤɢ ɏɇ50ȼɆɌɘȻ. ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫɥɟɞɭɟɬ, ɱɬɨ ɦɚɬɟɪɢɚɥ 
ɨɫɧɨɜɵ ɫɨɫɬɨɢɬ ɢɡ ɮɚɡɵ ɫɢɫɬɟɦɵ Ni–Cr–Fe (ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ), ɜ ɤɨɬɨɪɨɣ ɫɨɞɟɪɠɢɬɫɹ 
ɜɬɨɪɚɹ ɦɟɥɤɨɞɢɫɩɟɪɫɧɚɹ ɮɚɡɚ ɫɢɫɬɟɦɵ Fe–Cr–Mo(W) ɜ ɤɨɥɢɱɟɫɬɜɟ – ɞɨ 4% (ɨɛɴɟɦɧ.). 
Ɇɚɬɟɪɢɚɥ ɲɜɚ ɜ ɫɨɫɬɨɹɧɢɢ ɩɨɫɥɟ ɫɜɚɪɤɢ – ɷɬɨ ɮɚɡɚ ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ Ni–Cr–Fe – ɛɨɥɟɟ 
ɤɪɭɩɧɨɛɥɨɱɧɚɹ ɫ ɛɨɥɶɲɢɦ ɩɚɪɚɦɟɬɪɨɦ ɪɟɲɟɬɤɢ. Ɍɟɪɦɨɰɢɤɥɢɪɨɜɚɧɢɟ ɲɜɚ ɩɪɢɜɟɥɨ ɤ 
ɢɡɦɟɥɶɱɟɧɢɸ ɫɬɪɭɤɬɭɪɵ ɞɨ ɫɨɫɬɨɹɧɢɹ, ɯɚɪɚɤɬɟɪɧɨɝɨ ɞɥɹ ɫɨɫɬɚɪɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɨɫɧɨ-
ɜɵ. ȼɬɨɪɚɹ ɮɚɡɚ ɧɚ ɞɢɮɪɚɤɬɨɝɪɚɦɦɟ ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɫɥɚɛɨ ɢ ɬɢɩ ɮɚɡɵ ɧɟ ɢɞɟɧɬɢɮɢɰɢ-
ɪɭɟɬɫɹ. ɒɨɜ, ɫɨɫɬɚɪɟɧɧɵɣ ɜɦɟɫɬɟ ɫ ɨɫɧɨɜɨɣ (ɫɬɚɧɞɚɪɬɧɚɹ ɌɈ), ɩɨ ɮɚɡɨɜɨɦɭ ɫɨɫɬɚɜɭ 
ɚɧɚɥɨɝɢɱɟɧ ɦɚɬɟɪɢɚɥɭ ɜ ɫɨɫɬɨɹɧɢɢ ɩɨɫɬɚɜɤɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɪɭɤɬɭɪɚ ɫɜɚɪɧɨɝɨ ɲɜɚ 
ɛɨɥɟɟ ɤɪɭɩɧɨɞɢɫɩɟɪɫɧɚɹ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ ɧɚ ɨɫɧɨɜɟ Cr–Ni. ɉɪɨ-
ɜɟɞɟɧɧɚɹ ɰɢɤɥɢɱɟɫɤɚɹ ɌɈ ɩɪɢɜɟɥɚ ɤ ɢɡɦɟɥɶɱɟɧɢɸ ɫɬɪɭɤɬɭɪɵ, ɧɨ ɨɛɪɚɡɨɜɚɧɢɹ ɜɬɨɪɵɯ 
ɮɚɡ ɧɟ ɨɛɧɚɪɭɠɟɧɨ. 

ɋɩɥɚɜ ɦɚɪɤɢ ɏɇ45ɆȼɌɘȻɊ. Ɇɚɬɟɪɢɚɥ ɩɨɫɬɚɜɤɢ ɫɩɥɚɜɚ ɦɚɪɤɢ ɏɇ45ɆȼɌɘȻɊ – 
ɞɜɭɯɮɚɡɧɵɣ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɟɥɤɨɛɥɨɱɧɵɣ, ɨɫɧɨɜɚ – ɮɚɡɚ ɫɢɫɬɟɦɵ ɬɢɩɚ Fe–Cr–Ni. ȼɬɨ-
ɪɚɹ, ɭɩɪɨɱɧɹɸɳɚɹ ɮɚɡɚ – ɬɢɩɚ Ni4Mo. Ɇɚɬɟɪɢɚɥ ɜ ɜɟɪɲɢɧɟ ɲɜɚ ɞɨ ɲɥɢɮɨɜɤɢ ɬɚɤɠɟ 
ɞɜɭɯɮɚɡɧɵɣ, ɫ ɦɟɧɶɲɟɣ ɞɨɥɟɣ ɜɬɨɪɨɣ ɮɚɡɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɚɬɟɪɢɚɥɨɦ ɩɨɫɬɚɜɤɢ. Ɍɚ-
ɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɜɟɪɲɢɧɧɵɯ ɨɛɥɚɫɬɹɯ ɲɜɚ ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ ɨɫɬɵɜɚɧɢɹ ɩɪɨɢɡɨɲɥɨ ɭɩɪɨɱ-
ɧɟɧɢɟ ɫ ɜɵɞɟɥɟɧɢɟɦ ɜɬɨɪɨɣ ɮɚɡɵ, ɧɨ ɫɬɪɭɤɬɭɪɚ ɫɬɚɥɚ ɤɪɭɩɧɨɛɥɨɱɧɨɣ. ɉɨɫɥɟ ɲɥɢɮɨɜɤɢ 
ɜɟɪɲɢɧɵ ɲɜɚ – ɦɚɬɟɪɢɚɥ ɲɜɚ ɫɬɚɥ ɨɞɧɨɮɚɡɧɵɦ, ɛɨɥɟɟ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɦ. 

ȼ ɰɟɥɨɦ ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɨɟ ɫɨɫɬɨɹɧɢɟ ɫɜɚɪɧɵɯ ɲɜɨɜ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɫɨɫɬɨɹɧɢɹ 
ɦɚɬɟɪɢɚɥɚ ɩɨɫɬɚɜɤɢ. Ɋɚɡɦɟɪɵ ɛɥɨɤɨɜ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɜ ɨɫɧɨɜɧɨɦ ɦɚɬɟɪɢɚɥɟ ɛɨ-
ɥɟɟ ɱɟɦ ɜ β ɪɚɡɚ ɩɪɟɜɵɲɚɸɬ ɪɚɡɦɟɪɵ ɛɥɨɤɨɜ ɜ ɲɜɟ. 

ɏɢɦɢɱɟɫɤɢɟ ɫɨɫɬɚɜɵ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɫɜɚɪɧɨɝɨ ɲɜɚ ɢɫɫɥɟɞɨɜɚɧɵ ɦɟɬɨɞɨɦ 
Ɉɠɟ-ɷɥɟɤɬɪɨɧɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɧɚ ɫɩɟɤɬɪɨɦɟɬɪɟ JAMP-10s (ɮɢɪɦɚ Jeol). ɂɫɫɥɟɞɨɜɚ-
ɧɢɹ ɩɪɨɜɟɞɟɧɵ ɜ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɯ ɨɛɥɚɫɬɹɯ ɩɥɚɫɬɢɧ ɩɨɫɥɟ ɬɪɚɜɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ 
ɢɨɧɚɦɢ ɚɪɝɨɧɚ ɫ ɷɧɟɪɝɢɟɣ γ ɤɷȼ ɜ ɬɟɱɟɧɢɟ γ ɦɢɧ ɫɨ ɫɤɨɪɨɫɬɶɸ ɬɪɚɜɥɟɧɢɹ γ,5 ɧɦ/ɦɢɧ. 

Ɉɫɧɨɜɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɦɚɬɟɪɢɚɥɚ ɜ ɫɨɫɬɨɹɧɢɢ ɩɨɫɬɚɜɤɢ ɫɩɥɚɜɚ ɦɚɪɤɢ 
ɏɇ45ɆȼɌɘȻɊ ɹɜɥɹɸɬɫɹ ɧɢɤɟɥɶ, ɯɪɨɦ ɢ ɠɟɥɟɡɨ. ɂɡ ɥɟɝɢɪɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɢɫ-
ɫɥɟɞɨɜɚɧɧɵɯ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɹɯ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɦɨɥɢɛɞɟɧ. ɉɪɢɩɨɜɟɪɯɧɨɫɬɧɚɹ 
ɨɛɥɚɫɬɶ ɫɨɞɟɪɠɢɬ ɭɝɥɟɪɨɞ, ɚɡɨɬ ɢ ɤɢɫɥɨɪɨɞ, ɜɵɞɟɥɢɜɲɢɣɫɹ ɢɡ ɫɥɨɹ ɨɤɫɢɞɨɜ. 

Ʉɚɤ ɢ ɭ ɫɩɥɚɜɚ ɦɚɪɤɢ ɏɇ50ȼɆɌɘȻ, ɡɨɧɚ ɲɜɚ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɨɛɨɝɚɳɟɧɚ ɯɪɨ-
ɦɨɦ, ɠɟɥɟɡɨɦ ɢ ɦɨɥɢɛɞɟɧɨɦ. ɍɝɥɟɪɨɞ ɜ ɩɪɨɰɟɫɫɟ ɫɜɚɪɤɢ ɜɵɝɨɪɚɟɬ ɞɨ ɦɢɧɢɦɭɦɚ. ȼ ɨɛɨ-
ɢɯ ɫɥɭɱɚɹɯ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢɫɭɬɫɬɜɢɟ ɚɡɨɬɚ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɫɩɥɚɜɚ ɦɚɪɤɢ ɏɇ50ȼɆɌɘȻ, 
ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɚɫɬɢɧɵ ɢɡ ɫɩɥɚɜɚ ɦɚɪɤɢ ɏɇ45ɆȼɌɘȻɊ ɢ ɟɝɨ ɫɜɚɪɧɨɣ ɲɨɜ ɡɚɝɪɹɡɧɟɧɢɣ 
ɫɟɪɵ ɧɟ ɫɨɞɟɪɠɚɬ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɩɪɨɰɟɫɫɟ ɫɜɚɪɤɢ ɩɪɨɢɫɯɨɞɢɬ ɧɟɤɨɬɨɪɨɟ ɢɡɦɟɧɟɧɢɟ ɷɥɟɦɟɧɬɧɨ-
ɝɨ ɫɨɫɬɚɜɚ ɡɨɧɵ ɫɜɚɪɧɨɝɨ ɲɜɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɫɧɨɜɧɨɦɭ ɦɚɬɟɪɢɚɥɭ. ȼ ɱɚɫɬɧɨɫɬɢ, ɜɨɡ-
ɪɚɫɬɚɟɬ ɫɨɞɟɪɠɚɧɢɟ ɯɪɨɦɚ ɢ ɦɨɥɢɛɞɟɧɚ – ɜ 1,1–1,β ɪɚɡɚ, ɱɬɨ ɦɨɠɟɬ ɩɨɥɨɠɢɬɟɥɶɧɨ ɫɤɚ-
ɡɚɬɶɫɹ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɡɨɧɵ ɫɜɚɪɧɨɝɨ ɲɜɚ ɢ ɧɚ ɫɤɥɨɧɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɤ ɜɵɞɟɥɟɧɢɸ 
ɭɩɪɨɱɧɹɸɳɢɯ ɮɚɡ ɫ ɭɱɚɫɬɢɟɦ ɦɨɥɢɛɞɟɧɚ, ɜɨɥɶɮɪɚɦɚ ɢ ɧɢɨɛɢɹ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɷɬɨ ɜɟɞɟɬ 
ɤ ɫɦɟɳɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɩɪɢ ɌɈ. Ⱦɥɹ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɫɩɥɚɜɨɜ 
ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ ɩɨɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɌɈ ɩɪɢ ɭɩɪɨɱɧɟɧɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɜɫɥɟɞɫɬɜɢɟ 
ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɡɨɧɵ ɫɜɚɪɧɨɝɨ ɲɜɚ. 

Ɋɟɧɬɝɟɧɨɷɥɟɤɬɪɨɧɧɵɦɢ ɢ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɭɫɬɚɧɨɜ-
ɥɟɧɨ, ɱɬɨ ɫɨɫɬɚɜ ɦɚɬɟɪɢɚɥɚ ɫɜɚɪɧɵɯ ɲɜɨɜ ɢ ɩɪɢɥɟɝɚɸɳɢɯ ɤ ɧɢɦ ɨɛɥɚɫɬɟɣ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 
ɫɨɫɬɚɜɚ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɝɨɧɧɚɹ ɷɧɟɪɝɢɹ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɩɪɢ 
ɫɜɚɪɤɟ, ɜɥɢɹɟɬ ɤɚɤ ɧɚ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɫɨɫɬɚɜ ɲɜɨɜ, ɬɚɤ ɢ ɧɚ ɯɢɦɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ 
ɤɨɦɩɨɧɟɧɬɨɜ. Ɋɟɡɭɥɶɬɚɬɵ Ɉɠɟ-ɚɧɚɥɢɡɚ ɢɫɫɥɟɞɭɟɦɵɯ ɫɩɥɚɜɨɜ ɩɨɞɬɜɟɪɠɞɚɸɬ, ɱɬɨ ɡɨɧɚ 
ɫɜɚɪɧɨɝɨ ɲɜɚ ɨɛɨɝɚɳɚɟɬɫɹ ɯɪɨɦɨɦ ɢ ɦɨɥɢɛɞɟɧɨɦ. Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɧɚɛɥɸɞɚɟɦɨɟ 
ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɥɟɝɢɪɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɡɨɧɟ ɫɜɚɪɤɢ, ɫɨɫɬɚɜ ɫɬɚɥɟɣ ɜ ɧɟɣ ɨɫɬɚ-
ɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɫɨɫɬɚɜɭ, ɫɩɨɫɨɛɧɨɦɭ ɤ ɬɟɪɦɢɱɟɫɤɨɦɭ ɭɩɪɨɱɧɟɧɢɸ. 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɢ ɦɟɬɚɥɥɨɮɢɡɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜ-
ɥɟɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢ ɫɬɪɭɤɬɭɪɵ, ɚ ɬɚɤɠɟ ɧɚɥɢɱɢɟ ɨɫɬɚɬɨɱɧɵɯ 
ɧɚɩɪɹɠɟɧɢɣ ɢ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɱɟɱɧɵɯ ɞɟɮɟɤɬɨɜ ɜɥɢɹɸɬ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪ-
ɜɚɥ, ɤɢɧɟɬɢɤɭ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ. ȼɵɫɨɤɚɹ 
ɩɥɨɬɧɨɫɬɶ ɬɨɱɟɱɧɵɯ ɞɟɮɟɤɬɨɜ, ɫɨɡɞɚɧɧɵɯ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɟɣ, ɢ ɧɚɥɢɱɢɟ ɨɫɬɚ-
ɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɫɭɳɟɫɬɜɟɧɧɨ ɭɫɤɨɪɹɸɬ ɩɪɨɰɟɫɫ ɜɵɞɟɥɟɧɢɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ ɜ 
ɫɜɚɪɧɨɦ ɲɜɟ. 

 
Ɍɚɛɥɢɰɚ 1 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɩɥɚɜɚ ɦɚɪɤɢ ɏɇ45ɆȼɌɘȻɊ  
(ɥɢɫɬ ɬɨɥɳɢɧɨɣ 2,5 ɦɦ) 

Ɋɟɠɢɦ ɨɛɪɚɛɨɬɤɢ ɍɫɥɨɜɧɵɣ 
ɧɨɦɟɪ  
ɨɛɪɚɡɰɚ 

ɂɫɩɵɬɚɧɢɟ  
ɧɚ ɫɬɚɬɢɱɟɫɤɨɟ ɪɚɫɬɹɠɟɧɢɟ 

ɂɫɩɵɬɚɧɢɟ 
ɧɚ ɭɞɚɪɧɵɣ ɢɡɝɢɛ 

ɂɫɩɵɬɚɧɢɟ  
ɧɚ ɫɬɚɬɢɱɟɫɤɢɣ ɢɡɝɢɛ 

σɜ,  
ɇ/ɦɦ2 

δ,  
% 

ɏɚɪɚɤɬɟɪ  
ɪɚɡɪɭɲɟɧɢɹ  

KCU, 
Ⱦɠ/ɫɦ2 

ɏɚɪɚɤɬɟɪ  
ɪɚɡɪɭɲɟɧɢɹ  

ɇɚɝɪɭɡɤɚ  
Ɋ, ɤɇ 

α*,  
ɝɪɚɞ 

ɏɚɪɚɤɬɟɪ  
ɪɚɡɪɭɲɟɧɢɹ 

ɋɜɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, 
ɜɵɩɨɥɧɟɧɧɨɟ ɗɅɋ  
ɩɨ ɡɚɤɚɥɟɧɧɨɣ ɨɫɧɨɜɟ, 
ɩɨɫɥɟ ɡɚɤɚɥɤɢ ɢ ɫɬɚɪɟ-
ɧɢɹ ɩɨ ɲɬɚɬɧɨɣ ɬɟɯɧɨ-
ɥɨɝɢɢ 

1 1215 21,5 ɉɨ ɨɫɧɨɜɟ 63 ɉɨ ɧɚɞɪɟɡɭ,  
ɩɨ ɝɪɚɧɢɰɟ 
ɫɩɥɚɜɥɟɧɢɹ 
ɦɟɬɚɥɥɚ ɲɜɚ 

1,70 132,5 Ȼɟɡ  
ɪɚɡɪɭɲɟɧɢɹ 2 1215 22,5 ɉɨ ɡɨɧɟ  

ɬɟɪɦɢɱɟɫɤɨɝɨ  
ɜɥɢɹɧɢɹ  

68 1,69 131 
3 1215 21,5 69,5 1,68 132 
4 1205 20,0 57 1,70 134 
5 1215 22,5 57 1,64 132 
6 1215 22,5 ɉɨ ɨɫɧɨɜɟ 82 1,70 137 

Ɉɫɧɨɜɧɨɣ ɦɟɬɚɥɥ ɜ 
ɫɨɫɬɚɪɟɧɧɨɦ ɫɨɫɬɨɹ-
ɧɢɢ, ɩɪɨɲɟɞɲɢɣ ɡɚ-
ɤɚɥɤɭ ɢ ɫɬɚɪɟɧɢɟ 

7 1215 25 Ɋɚɡɪɭɲɟɧɢɟ  
ɛɟɡ ɨɛɪɚɡɨɜɚɧɢɹ 

ɲɟɣɤɢ 

62 ɏɪɭɩɤɨɟ  
ɪɚɡɪɭɲɟɧɢɟ  
ɩɨ ɧɚɞɪɟɡɭ 

1,70 128 ɏɪɭɩɤɨɟ  
ɪɚɡɪɭɲɟɧɢɟ 8 1215 23 61 1,70 132 

9 1215 23 69 1,71 130 

ɋɜɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, 
ɜɵɩɨɥɧɟɧɧɨɟ ɗɅɋ ɩɨ 
ɫɨɫɬɚɪɟɧɧɨɣ ɨɫɧɨɜɟ 

10 784 7,0 Ɋɚɡɪɭɲɟɧɢɟ  
ɩɨ ɲɜɭ  

ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɲɟɣɤɢ 

80 ɉɨ ɧɚɞɪɟɡɭ,  
 

1,32 135 Ȼɟɡ  
ɪɚɡɪɭɲɟɧɢɹ 11 794 7,5 84 1,24 133 

12 784 7,0 83 1,21 125 
13 764 7,0 80,5 1,26 133 
14 794 7,0 83 1,26 130 
15 794 7,0 77 1,25 129 

ɋɜɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, 
ɜɵɩɨɥɧɟɧɧɨɟ ɗɅɋ ɩɨ 
ɫɨɫɬɚɪɟɧɧɨɣ ɨɫɧɨɜɟ, 
ɩɨɫɥɟ ɥɨɤɚɥɶɧɨɣ ɬɟɪ-
ɦɨɰɢɤɥɢɱɟɫɤɨɣ ɨɛɪɚ-
ɛɨɬɤɢ 

16 1098 18 ɉɨ ɡɨɧɟ  
ɬɟɪɦɢɱɟɫɤɨɝɨ  

ɜɥɢɹɧɢɹ 

70 ɉɨ ɝɪɚɧɢɰɟ 
ɫɩɥɚɜɥɟɧɢɹ 
ɦɟɬɚɥɥɚ ɲɜɚ 

1,82 152,5 Ȼɟɡ  
ɪɚɡɪɭɲɟɧɢɹ 17 1171 18,5 65 1,83 138 

18 1156 17,5 67 1,86 150 
19 1029 13,5 73 1,83 143 
20 1137 17,5 65 1,79 137 
21 1112 16 67 1,62 141 

* ɍɝɨɥ ɢɡɝɢɛɚ ɞɨ ɨɛɪɚɡɨɜɚɧɢɹ ɩɟɪɜɨɣ ɬɪɟɳɢɧɵ. 
 

Ɍɚɛɥɢɰɚ 2 
Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɩɥɚɜɚ ɦɚɪɤɢ ɏɇ50ȼɆɌɘȻ  

(ɥɢɫɬ ɬɨɥɳɢɧɨɣ 2,0 ɦɦ) 
Ɋɟɠɢɦ ɨɛɪɚɛɨɬɤɢ ɍɫɥɨɜɧɵɣ 

ɧɨɦɟɪ  
ɨɛɪɚɡɰɚ 

ɂɫɩɵɬɚɧɢɟ  
ɧɚ ɫɬɚɬɢɱɟɫɤɨɟ ɪɚɫɬɹɠɟɧɢɟ 

ɂɫɩɵɬɚɧɢɟ 
ɧɚ ɭɞɚɪɧɵɣ ɢɡɝɢɛ 

ɂɫɩɵɬɚɧɢɟ  
ɧɚ ɫɬɚɬɢɱɟɫɤɢɣ ɢɡɝɢɛ 

σɜ,  
ɇ/ɦɦ2 

δ,  
% 

ɏɚɪɚɤɬɟɪ  
ɪɚɡɪɭɲɟɧɢɹ  

KCU, 
Ⱦɠ/ɫɦ2 

ɏɚɪɚɤɬɟɪ  
ɪɚɡɪɭɲɟɧɢɹ  

ɇɚɝɪɭɡɤɚ  
Ɋ, ɤɇ 

α*,  
ɝɪɚɞ 

ɏɚɪɚɤɬɟɪ  
ɪɚɡɪɭɲɟɧɢɹ 

ɋɜɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, 
ɜɵɩɨɥɧɟɧɧɨɟ ɗɅɋ  
ɩɨ ɡɚɤɚɥɟɧɧɨɣ ɨɫɧɨɜɟ, 
ɩɨɫɥɟ ɡɚɤɚɥɤɢ ɢ ɫɬɚɪɟ-
ɧɢɹ ɩɨ ɲɬɚɬɧɨɣ ɬɟɯɧɨ-
ɥɨɝɢɢ 

1 921 26,0 ɉɨ ɨɫɧɨɜɟ 97 ɉɨ ɧɚɞɪɟɡɭ,  
ɩɨ ɝɪɚɧɢɰɟ 
ɫɩɥɚɜɥɟɧɢɹ 
ɦɟɬɚɥɥɚ ɲɜɚ 

0,95 131 Ȼɟɡ  
ɪɚɡɪɭɲɟɧɢɹ 2 941 21,5 67 0,95 130 

3 980 26,0 97 0,95 123,5 
4 960 25,5 107 0,94 120 

Ɉɫɧɨɜɧɨɣ ɦɟɬɚɥɥ ɜ 
ɫɨɫɬɚɪɟɧɧɨɦ ɫɨɫɬɨɹ-
ɧɢɢ, ɩɪɨɲɟɞɲɢɣ ɡɚ-
ɤɚɥɤɭ ɢ ɫɬɚɪɟɧɢɟ 

5 951 33 Ɋɚɡɪɭɲɟɧɢɟ  
ɛɟɡ ɨɛɪɚɡɨɜɚɧɢɹ 

ɲɟɣɤɢ 

84 ɏɪɭɩɤɨɟ  
ɪɚɡɪɭɲɟɧɢɟ  
ɩɨ ɧɚɞɪɟɡɭ 

0,95 123 ɏɪɭɩɤɨɟ 
ɪɚɡɪɭɲɟɧɢɟ 6 931 33 73 1,00 125 

7 892 30 78 1,02 128 

ɋɜɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, 
ɜɵɩɨɥɧɟɧɧɨɟ ɗɅɋ ɩɨ 
ɫɨɫɬɚɪɟɧɧɨɣ ɨɫɧɨɜɟ 

8 872 15,5 ɉɨ ɲɜɭ 80 ɉɨ ɧɚɞɪɟɡɭ,  
ɩɨ ɝɪɚɧɢɰɟ 
ɫɩɥɚɜɥɟɧɢɹ 
ɦɟɬɚɥɥɚ ɲɜɚ 

0,78 120 Ȼɟɡ  
ɪɚɡɪɭɲɟɧɢɹ 9 853 18,5 79 0,78 119 

10 892 19,0 81 0,78 110 
11 862 19,0 80 0,78 112 

ɋɜɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, 
ɜɵɩɨɥɧɟɧɧɨɟ ɗɅɋ ɩɨ 
ɫɨɫɬɚɪɟɧɧɨɣ ɨɫɧɨɜɟ, 
ɩɨɫɥɟ ɥɨɤɚɥɶɧɨɣ ɬɟɪɦɨ-
ɰɢɤɥɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 

12 999,5 21 ɉɨ ɥɢɧɢɢ  
ɫɩɥɚɜɥɟɧɢɹ 

113 ɉɨ ɧɚɞɪɟɡɭ,  
ɩɨ ɝɪɚɧɢɰɟ 
ɫɩɥɚɜɥɟɧɢɹ 
ɦɟɬɚɥɥɚ ɲɜɚ 

0,95 130 Ȼɟɡ 
ɪɚɡɪɭɲɟɧɢɹ 13 995 24 113 0,98 122,5 

14 999,5 24 92 1,00 126,5 
15 1009 28 80 1,02 124 
16 960 21 117 0,92 120 
17 980 21 90 0,87 118 

* ɍɝɨɥ ɢɡɝɢɛɚ ɞɨ ɨɛɪɚɡɨɜɚɧɢɹ ɩɟɪɜɨɣ ɬɪɟɳɢɧɵ. 
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Ʌɨɤɚɥɶɧɚɹ ɰɢɤɥɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɫɜɚɪɧɨɝɨ ɲɜɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɥɟɤɬɪɨɧɧɨɝɨ 
ɥɭɱɚ ɜ ɩɨɞɨɛɪɚɧɧɨɦ ɪɟɠɢɦɟ ɩɨɡɜɨɥɢɥɚ ɞɨɫɬɢɱɶ ɧɟ ɬɨɥɶɤɨ ɭɪɨɜɧɹ 0,95 ɩɪɨɱɧɨɫɬɢ ɨɫ-
ɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ (ɪɚɜɧɨɣ ɨɫɧɨɜɧɨɦɭ ɦɟɬɚɥɥɭ) ɢ ɩɥɚɫɬɢɱɧɨɫɬɢ ɛɟɡ ɩɟɪɟɫɬɚɪɢɜɚɧɢɹ 
ɫɬɪɭɤɬɭɪɵ, ɧɨ ɩɪɢ ɷɬɨɦ ɧɟ ɩɨɬɪɟɛɨɜɚɥɨɫɶ ɩɪɨɜɟɞɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɫɬɚɧɞɚɪɬɧɨɣ ɌɈ 
(ɡɚɤɚɥɤɚ+ɫɬɚɪɟɧɢɟ). ɉɪɨɜɟɞɟɧɵ ɦɟɬɚɥɥɨɮɢɡɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, 
ɦɟɯɚɧɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɧɚ ɢɡɝɢɛ, ɪɚɫɬɹɠɟɧɢɟ ɢ ɭɞɚɪɧɭɸ ɜɹɡɤɨɫɬɶ ɨɛɪɚɡɰɨɜ ɢɫɫɥɟɞɭɟ-
ɦɵɯ ɫɩɥɚɜɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɷɬɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1 ɢ β. ɋɥɟɞɭɟɬ ɨɬɦɟ-
ɬɢɬɶ, ɱɬɨ ɪɚɜɧɨɦɟɪɧɨɟ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ (δ) ɞɥɹ ɲɜɚ ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɧɢɠɟɧɨ, ɚ 
ɧɚɢɛɨɥɟɟ ɨɛɴɟɤɬɢɜɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɩɥɚɫɬɢɱɧɨɫɬɢ ɫɜɚɪɧɨɝɨ ɲɜɚ ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɧɚ ɫɬɚ-
ɬɢɱɟɫɤɢɣ ɢɡɝɢɛ ɫɱɢɬɚɟɬɫɹ ɭɝɨɥ ɢɡɝɢɛɚ (α). 
 

Ɂɚɤɥɸɱɟɧɢɹ 
ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, ɫɬɪɭɤɬɭɪɚ ɢ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ 

ɫɜɚɪɧɵɯ ɲɜɨɜ ɠɚɪɨɩɪɨɱɧɨɣ ɫɬɚɥɢ ɡɚɜɢɫɹɬ ɨɬ ɩɨɝɨɧɧɨɣ ɷɧɟɪɝɢɢ ɫɜɚɪɤɢ. ɋɜɚɪɤɚ 
ɷɥɟɤɬɪɨɧɧɵɦ ɥɭɱɨɦ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɭɥɭɱɲɟɧɢɸ ɫɬɪɭɤɬɭɪɵ ɫɜɚɪɧɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ. ɉɨɞɨɛɪɚɧɧɵɣ ɬɟɪɦɨɰɢɤɥɢɱɟɫɤɢɣ ɪɟɠɢɦ ɨɛɪɚɛɨɬɤɢ ɲɜɚ ɥɨɤɚɥɶɧɵɦ 
ɢɫɬɨɱɧɢɤɨɦ ɬɟɩɥɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɜɵɫɨɤɢɯ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɫɜɚɪɧɨɝɨ 
ɲɜɚ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɌɈ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɬɚɛɢɥɶɧɵɯ ɩɪɨɱɧɵɯ ɫɜɚɪɧɵɯ ɲɜɨɜ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɬɚɥɟɣ ɜɵɩɨɥɧɟɧɧɵɯ ɗɅɋ, ɪɟɠɢɦ ɫɜɚɪɤɢ ɞɨɥɠɟɧ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 
ɫɥɟɞɭɸɳɢɦ ɩɚɪɚɦɟɬɪɚɦ: ɫɢɥɚ ɬɨɤɚ ɥɭɱɚ 1γ ɦȺ, ɭɫɤɨɪɹɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ 60 ɤȼ, 
ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ 6 ɦɦ/ɫ. 

Ɉɬɪɚɛɨɬɚɧɵ ɪɟɠɢɦɵ ɗɅɋ ɫɩɥɚɜɨɜ ɦɚɪɨɤ ɏɇ45ɆȼɌɘȻɊ ɢ ɏɇ50ȼɆɌɘȻ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɩɨɥɭɱɟɧɢɟ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɤɨɬɨɪɨɟ (ɩɨɫɥɟ ɩɪɢɦɟɧɟɧɢɹ ɜ 
ɞɚɥɶɧɟɣɲɟɦ ɲɬɚɬɧɨɣ ɌɈ) ɨɬɜɟɱɚɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɩɟɪɜɨɣ ɤɚɬɟɝɨɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɨ  
ɈɋɌ ȼɁ-2491–90, ɬ. ɟ. σɜ.ɫɜ=0,9σɜ ɞɥɹ ɫɩɥɚɜɚ: 

– ɏɇ45ɆȼɌɘȻɊ – σɜ (ɗɅɋ+ɌɈ)=σɜ; 
– ɏɇ50ȼɆɌɘȻ – σɜ (ɗɅɋ+ɌɈ)=σɜ. 

ɇɚ ɨɛɪɚɡɰɚɯ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɫɜɚɪɤɨɣ ɢ 
ɩɨɞɜɟɪɝɧɭɬɵɯ ɥɨɤɚɥɶɧɨɣ ɰɢɤɥɢɱɟɫɤɨɣ ɌɈ, ɩɨɥɭɱɟɧɚ ɩɪɨɱɧɨɫɬɶ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, 
ɨɬɜɟɱɚɸɳɚɹ ɬɪɟɛɨɜɚɧɢɹɦ ɩɟɪɜɨɣ ɤɚɬɟɝɨɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɨ ɈɋɌ ȼɁ-2491–90 ɩɪɢ 
ɨɛɟɫɩɟɱɟɧɢɢ ɪɚɜɧɨɣ (ɫ ɨɫɧɨɜɧɵɦ ɦɟɬɚɥɥɨɦ) ɩɥɚɫɬɢɱɧɨɫɬɢ ɞɥɹ ɫɩɥɚɜɚ: 

– ɏɇ45ɆȼɌɘȻɊ – σɜ (ɗɅɋ+ɅɌɈ)=0,9βσɜ; 
– ɏɇ50ȼɆɌɘȻ – σɜ (ɗɅɋ+ɅɌɈ)=σɜ. 

ɉɪɨɜɟɞɟɧɧɵɟ ɦɟɬɚɥɥɨɮɢɡɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, 
ɜɵɩɨɥɧɟɧɧɵɯ ɷɥɟɤɬɪɨɧɧɵɦ ɥɭɱɨɦ, ɩɨɤɚɡɚɥɢ, ɱɬɨ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɦɟɬɚɥɥɚ ɫɜɚɪɧɨɝɨ 
ɲɜɚ ɢ ɡɨɧɵ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ (ɁɌȼ) ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɡɚɤɚɥɢɜɚɬɶɫɹ ɢ 
ɫɬɚɪɢɬɶɫɹ ɜ ɯɨɞɟ ɥɨɤɚɥɶɧɨɣ ɰɢɤɥɢɱɟɫɤɨɣ ɌɈ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɵ ɜɪɟɦɟɧɧɵ ɟ ɢ 
ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɥɨɤɚɥɶɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ (ɫɬɚɪɟɧɢɹ). 

Ɋɚɫɱɟɬ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɜɚɪɧɵɯ ɲɜɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɌɈ 
(ɤɚɤ ɲɬɚɬɧɚɹ, ɬɚɤ ɢ ɥɨɤɚɥɶɧɚɹ ɰɢɤɥɢɱɟɫɤɚɹ) ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɧɹɬɢɟ ɨɫɬɚɬɨɱɧɵɯ 
ɧɚɩɪɹɠɟɧɢɣ ɩɨɫɥɟ ɫɜɚɪɤɢ ɞɨ ɛɟɡɨɩɚɫɧɨɝɨ ɭɪɨɜɧɹ. 
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ɋɨɡɞɚɧɢɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɵɫɨɤɨɩɨɪɢɫɬɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɟɬ-
ɫɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɞɧɨɣ ɢɡ ɚɤɬɭɚɥɶɧɵɯ ɡɚɞɚɱ. Ɉɤɫɢɞɧɚɹ ɩɨɪɢɫɬɚɹ ɤɟɪɚɦɢɤɚ ɨɛɥɚɞɚ-
ɟɬ ɧɢɡɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɜɵɫɨɤɨɣ ɫɬɨɣɤɨɫɬɶɸ ɤ ɨɤɢɫɥɟɧɢɸ ɢ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ 
ɩɪɨɱɧɨɫɬɶɸ, ɩɨɷɬɨɦɭ ɨɫɨɛɟɧɧɨ ɜɨɫɬɪɟɛɨɜɚɧɚ ɜ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɥɢɬɟɣɧɵɯ ɨɛɥɚɫɬɹɯ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɜ ɤɚɱɟɫɬɜɟ ɩɟɧɨɤɟɪɚɦɢɱɟɫɤɢɯ ɮɢɥɶɬɪɨɜ. ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟ-
ɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɫɩɟɤɚɧɢɸ ɦɭɥɥɢɬɨɜɨɣ ɩɨɪɢɫɬɨɣ ɤɟɪɚɦɢɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟɦ ɞɢɫɤɪɟɬɧɵɯ ɜɨɥɨɤɨɧ ɦɭɥɥɢɬɨɜɨɝɨ ɫɨɫɬɚɜɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɵɣ ɞɢɚɩɚɡɨɧ 
ɬɟɦɩɟɪɚɬɭɪ ɨɛɠɢɝɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɫ ɨɬɤɪɵɬɨ-ɹɱɟɢɫɬɨɣ ɩɨɪɨɜɨɣ ɫɬɪɭɤɬɭ-
ɪɨɣ ɫɨɫɬɚɜɥɹɟɬ 1300–1350°ɋ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɨɜ ɨɤɚɡɵɜɚɟɬ ɪɟɠɢɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɜɨ-
ɥɨɤɨɧ, ɚ ɬɚɤɠɟ ɫɨɫɬɚɜ ɫɩɟɤɚɸɳɟɣ ɞɨɛɚɜɤɢ. ɉɨɥɭɱɟɧɵ ɦɚɬɟɪɢɚɥɵ ɫ ɫɨɨɛɳɚɸɳɟɣɫɹ ɩɨ-
ɪɢɫɬɨɫɬɶɸ ɞɨ 85% ɢ ɩɪɨɱɧɨɫɬɶɸ ɩɪɢ ɫɠɚɬɢɢ ɞɨ 0,7 Ɇɉɚ. 

Кɥюɱɟɜыɟ ɫɥɨɜɚ: ɨɤɫɢɞɧɚɹ ɤɟɪɚɦɢɤɚ, ɦɭɥɥɢɬ, ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ, ɤɟɪɚɦɢɱɟɫɤɢɟ ɮɢɥɶ-
ɬɪɵ, ɫɩɟɤɚɧɢɟ, ɨɛɠɢɝ. 

 
Creation of high-temperature high-porous ceramic materials is one of actual problems now. 

The oxide porous ceramics has low heat conductivity, high resistance to oxidation and satisfac-
tory durability therefore it is especially demanded in the metallurgical foundry fields of the in-
dustry as foam ceramic filters. The results of researches of sintering mullite porous ceramics 
with use of discrete mullite fibers are presented in this article. It is shown that the optimum 
range of temperatures of calcining for producing materials with open cellular porous structure 
is 1300–1350°C. It Тs НОtОrmТnОН tСКt tСО ОssОntТКХ rШХО Шn mОМСКnТМКХ МСКrКМtОrТstТМs ШП mКte-
rials is rendered by the mode of preliminary heat treatment of fibers, and also composition of 
the sintering aid. Materials with the reported porosity to 85% and durability are produced at 
compression to 0,7 MPa. 

Keywords: oxide ceramics, mullite, alumina, ceramic filters, sintering, firing. 
 

1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
state unitary enterprise «AХХ-RЮssТКЧ sМТОЧЭТПТМ rОsОКrМС ТЧsЭТЭЮЭО ШП КЯТКЭТШЧ ЦКЭОrТКХs» State research center 
of the Russian Federation]; e-mail: admin@viam.ru 
 

ȼɜɟɞɟɧɢɟ 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɨ ɦɧɨɝɢɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɨɬɪɚɫɥɹɯ, ɜ ɱɚɫɬɧɨɫɬɢ ɜ ɦɟɬɚɥ-

ɥɭɪɝɢɱɟɫɤɢɯ ɥɢɬɟɣɧɵɯ ɨɛɥɚɫɬɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɜɨɫɬɪɟɛɨɜɚɧɚ ɜɵɫɨɤɨɩɨɪɢɫɬɚɹ ɤɟɪɚ-
ɦɢɤɚ – ɤɟɪɚɦɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ ɫ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɣ ɢɡ ɜɵɫɨɤɨɞɢɫ-
ɩɟɪɫɧɵɯ ɦɢɧɟɪɚɥɶɧɵɯ ɩɨɪɨɲɤɨɜ ɢɥɢ ɢɡ ɠɢɞɤɢɯ ɩɟɧ. 

ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɪɚɫɩɥɚɜɥɟɧɧɵɯ ɦɟɬɚɥɥɨɜ ɧɟɨɛɯɨɞɢɦɨ ɭɞɚɥɹɬɶ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɟ 
ɜɤɥɸɱɟɧɢɹ, ɬɚɤɢɟ ɤɚɤ ɲɥɚɤ, ɞɪɨɫɫ, ɨɤɫɢɞɵ ɢɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɧɚ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɜɚɧɧɵ ɪɚɫɩɥɚɜɚ, ɚ ɬɚɤɠɟ ɮɪɚɝɦɟɧɬɵ ɨɝɧɟɭɩɨɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɫɩɨɥɶɡɭɸ-
ɳɢɯɫɹ ɞɥɹ ɨɛɥɢɰɨɜɤɢ ɤɚɦɟɪɵ ɢɥɢ ɪɟɡɟɪɜɭɚɪɚ, ɜ ɤɨɬɨɪɵɯ ɨɛɪɚɡɭɟɬɫɹ ɪɚɫɩɥɚɜ ɦɟɬɚɥɥɚ. 
ɉɟɧɨɤɟɪɚɦɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ ɛɥɚɝɨɞɚɪɹ ɧɢɡɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɜɵɫɨɤɨɣ ɠɚɪɨɫɬɨɣ-
ɤɨɫɬɢ ɜɟɫɶɦɚ ɩɪɢɜɥɟɤɚɬɟɥɟɧ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɩɟɧɨɤɟɪɚɦɢɱɟɫɤɢɯ ɮɢɥɶɬɪɨɜ,  
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ɢɫɩɨɥɶɡɭɟɦɵɯ ɤɚɤ ɜ ɦɟɬɚɥɥɭɪɝɢɢ ɞɥɹ ɮɢɥɶɬɪɚɰɢɢ ɢ ɨɱɢɫɬɤɢ ɪɚɫɩɥɚɜɨɜ ɦɟɬɚɥɥɨɜ, ɬɚɤ ɢ 
ɜ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɞɥɹ ɨɱɢɫɬɤɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɬɨɤɨɜ ɝɚɡɨɜ. 

ɉɟɧɨɤɟɪɚɦɢɱɟɫɤɢɟ ɮɢɥɶɬɪɵ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɩɪɢɦɟɫɟɣ ɨɬ ɪɚɫɩɥɚɜɚ ɦɟɬɚɥɥɚ. Ɍɪɟɯɦɟɪɧɚɹ ɫɬɪɭɤɬɭɪɚ ɨɬɤɪɵɬɵɯ ɩɨɪ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟ-
ɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ ɮɢɥɶɬɪɚɰɢɢ. Ɉɞɧɨɪɨɞɧɚɹ ɤɟɪɚɦɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɫ ɦɢɧɢ-
ɦɭɦɨɦ ɛɥɨɤɢɪɨɜɚɧɧɵɯ ɦɟɫɬ ɧɚ ɨɛɟɢɯ ɪɚɛɨɱɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɫɨɡɞɚɟɬ ɨɩɬɢɦɚɥɶɧɵɟ 
ɭɫɥɨɜɢɹ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɜɫɟɯ ɦɟɯɚɧɢɡɦɨɜ ɮɢɥɶɬɪɚɰɢɢ. ɍɞɚɥɟɧɢɟ ɜɤɥɸɱɟɧɢɣ 
ɮɢɥɶɬɪɚɰɢɟɣ ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɨɞɧɨɪɨɞɧɵɣ ɪɚɫɩɥɚɜ ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɜɵɲɚɟɬ ɤɚ-
ɱɟɫɬɜɨ ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ – ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɢ ɜɵɩɭɫɤɟ ɫɬɚɥɢ, ɱɭɝɭɧɚ ɢ ɚɥɸɦɢɧɢɹ 
[1–3]. əɱɟɢɫɬɚɹ ɫɬɪɭɤɬɭɪɚ ɩɟɧɨɤɟɪɚɦɢɱɟɫɤɨɝɨ ɮɢɥɶɬɪɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɝɥɭɛɨɤɭɸ ɮɢɥɶ-
ɬɪɚɰɢɸ, ɤɨɬɨɪɚɹ ɬɳɚɬɟɥɶɧɨ ɭɞɚɥɹɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɦɟɫɟɣ, ɛɟɡ ɩɨɫɬɨɪɨɧɧɢɯ 
ɜɤɥɸɱɟɧɢɣ. Ɏɢɥɶɬɪ ɫɩɨɫɨɛɟɧ ɜɵɞɟɪɠɢɜɚɬɶ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɦɟɬɚɥ-
ɥɚ, ɫɨɯɪɚɧɹɹ ɩɪɢ ɷɬɨɦ ɷɮɮɟɤɬɢɜɧɭɸ ɮɢɥɶɬɪɚɰɢɸ. ɉɟɧɨɤɟɪɚɦɢɱɟɫɤɢɟ ɮɢɥɶɬɪɵ ɥɟɝɤɨ 
ɩɪɨɩɢɬɵɜɚɸɬɫɹ ɪɚɫɩɥɚɜɥɟɧɧɵɦ ɦɟɬɚɥɥɨɦ, ɩɪɢ ɷɬɨɦ ɩɨɪɵ ɜɵɫɬɭɩɚɸɬ ɜ ɤɚɱɟɫɬɜɟ «ɥɨ-
ɜɭɲɟɤ» ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɪɢɦɟɫɟɣ. 

Ʉɟɪɚɦɢɱɟɫɤɢɟ ɮɢɥɶɬɪɵ ɩɨɥɭɱɚɸɬ ɢɡ ɪɚɡɧɵɯ ɜɢɞɨɜ ɤɟɪɚɦɢɤɢ – ɤɨɪɭɧɞɨɜɨɣ, 
ɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ, ɦɭɥɥɢɬɨɜɨɣ, ɤɚɪɛɢɞɧɨɣ [4–6]. Ɍɚɤ, ɮɢɥɶɬɪɵ ɢɡ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɧɚ 
ɫɢɥɢɤɚɬɧɨɣ ɫɜɹɡɤɟ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɮɢɥɶɬɪɚɰɢɢ ɱɭɝɭɧɚ. Ɍɚɤɢɟ ɮɢɥɶɬɪɵ ɨɛɥɚɞɚɸɬ ɜɵɫɨ-
ɤɨɣ ɩɪɨɱɧɨɫɬɶɸ ɛɥɚɝɨɞɚɪɹ ɬɨɦɭ, ɱɬɨ ɜɨ ɜɪɟɦɹ ɨɛɠɢɝɚ ɡɟɪɧɚ SiC ɜ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɫɫɟ 
ɱɚɫɬɢɱɧɨ ɨɤɢɫɥɹɸɬɫɹ ɞɨ ɤɜɚɪɰɟɜɨɝɨ ɫɬɟɤɥɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɯɨɪɨɲɭɸ ɫɜɹɡɶ ɤɚɪɛɢɞɚ 
ɤɪɟɦɧɢɹ ɫ ɦɚɬɪɢɰɟɣ ɢɡ ɫɢɥɢɤɚɬɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ, ɫɨɡɞɚɜɚɹ ɩɪɨɱɧɭɸ ɩɟɧɭ. Ɉɞɧɚɤɨ ɩɪɢ 
ɪɚɡɥɢɜɤɟ ɱɭɝɭɧɚ ɨɛɪɚɡɭɟɬɫɹ ɠɢɞɤɢɣ ɲɥɚɤ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ FeO, ɤɨɬɨɪɵɣ ɧɟ 
ɫɦɚɱɢɜɚɟɬ ɮɢɥɶɬɪɵ ɢɡ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɢɡ-ɡɚ ɤɚɪɛɨɬɟɪɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɦɟɠɞɭ ɭɝɥɟ-
ɪɨɞɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɡɟɪɟɧ SiC ɢ ɩɪɢɦɟɫɹɦɢ ɝɪɚɮɢɬɚ, ɢɡ-ɡɚ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢɥɢɩɚ-
ɧɢɟ ɲɥɚɤɚ ɤ ɮɢɥɶɬɪɭ [6]. 

Ɏɢɥɶɬɪɵ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɧɨɣ ɤɟɪɚɦɢɤɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɷɮɮɟɤɬɢɜɧɨɟ ɭɞɚɥɟɧɢɟ 
ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɩɪɢɦɟɫɟɣ, ɨɫɨɛɟɧɧɨ ɜɤɥɸɱɟɧɢɣ ɚɧɚɥɨɝɢɱɧɨɝɨ ɫɨɫɬɚɜɚ – ɨɤɫɢɞɧɵɯ ɩɥɟ-
ɧɨɤ ɢ ɲɥɚɤɨɜ. Ȼɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɞɚɠɟ ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɜɵ-
ɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɮɢɥɶɬɪɵ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɧɨɣ ɤɟɪɚɦɢɤɢ ɦɨɠɧɨ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɬɶ ɜ 
ɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɛɨɤɫɚɯ ɢɥɢ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɶɧɵɯ ɩɟɱɚɯ ɞɥɹ ɮɢɥɶɬɪɚɰɢɢ ɛɨɥɶɲɢɯ ɨɛɴɟ-
ɦɨɜ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ. Ʉɟɪɚɦɢɱɟɫɤɢɟ ɹɱɟɢɫɬɵɟ ɩɟɧɨɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢ-
ɧɢɹ, ɫɨɱɟɬɚɸɳɢɟ ɜɵɫɨɤɭɸ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ, ɯɢɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɤ ɪɚɫɩɥɚɜɚɦ ɦɟɬɚɥɥɨɜ 
ɢ ɲɥɚɤɚɦ, ɚ ɬɚɤɠɟ ɧɢɡɤɭɸ ɫɬɨɢɦɨɫɬɶ ɫɵɪɶɟɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚ-
ɱɟɫɬɜɟ ɧɨɫɢɬɟɥɟɣ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɢɥɶɬɪɨɜ ɞɥɹ ɪɚɫɩɥɚɜɨɜ ɦɟɬɚɥɥɨɜ. 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧɢɹ ɩɟɧɨɤɟɪɚɦɢɤɢ ɹɜɥɹɟɬɫɹ ɬɟɯ-
ɧɨɥɨɝɢɹ ɫɧɹɬɢɹ ɪɟɩɥɢɤɢ ɩɟɧɵ: ɜɵɫɨɤɨɩɨɪɢɫɬɵɣ ɩɟɧɨɩɨɥɢɭɪɟɬɚɧ ɩɪɨɩɢɬɵɜɚɸɬ ɤɟɪɚɦɢ-
ɱɟɫɤɢɦ ɲɥɢɤɟɪɨɦ, ɩɨɫɥɟ ɱɟɝɨ ɫɭɲɚɬ ɢ ɨɛɠɢɝɚɸɬ [4–11]. ɉɪɢ ɨɛɠɢɝɟ ɩɟɧɨɩɨɥɢɭɪɟɬɚɧ, 
ɧɚɯɨɞɹɳɢɣɫɹ ɜɧɭɬɪɢ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɹ, ɢɫɩɚɪɹɟɬɫɹ ɢ ɨɫɬɚɟɬɫɹ ɤɟɪɚɦɢɱɟɫɤɚɹ 
ɫɬɪɭɤɬɭɪɚ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɩɨɪ. ɉɨɥɭɱɟɧɢɟ ɨɤɫɢɞɧɨɣ ɩɟɧɨɤɟɪɚɦɢɤɢ ɨɫɧɨɜɚɧɨ 
ɧɚ ɩɪɨɩɢɬɤɟ ɜɵɫɨɤɨɩɨɪɢɫɬɵɯ ɩɟɧɨɩɨɥɢɭɪɟɬɚɧɨɜɵɯ (ɉɉɍ) ɤɚɪɤɚɫɨɜ ɲɥɢɤɟɪɧɵɦɢ ɫɭɫ-
ɩɟɧɡɢɹɦɢ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɚ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɫɨ ɫɩɟɤɚɸɳɢɦɢ ɞɨɛɚɜɤɚɦɢ ɫ ɩɨɫɥɟɞɭ-
ɸɳɢɦ ɨɛɠɢɝɨɦ ɩɪɨɩɢɬɚɧɧɵɯ ɤɚɪɤɚɫɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɨɪɹɞɤɚ 1700–1850°ɋ. Ɉɫ-
ɧɨɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɤɟɪɚɦɢɱɟɫɤɢɦ ɮɢɥɶɬɪɚɦ ɩɨɦɢɦɨ ɜɵɫɨɤɨɣ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ ɢ 
ɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɤ ɪɚɫɩɥɚɜɚɦ ɦɟɬɚɥɥɨɜ ɹɜɥɹɸɬɫɹ ɧɚɥɢɱɢɟ ɨɬɤɪɵɬɨɣ ɩɨɪɢɫɬɨɫɬɢ 
ɧɚ ɭɪɨɜɧɟ 80–90% ɫ ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɫɨɨɛɳɚɸɳɢɯɫɹ ɹɱɟɢɫɬɵɯ ɩɨɪ ɢ ɩɪɨɱɧɨɫɬɶɸ ɩɪɢ 
ɫɠɚɬɢɢ ɧɟ ɦɟɧɟɟ 0,5 Ɇɉɚ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɨɞɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɨɛɠɢɝɚ ɢɦɟɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɡɧɚɱɟ-
ɧɢɟ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɬɚɤ ɤɚɤ ɢɦɟɧɧɨ ɧɚ ɷɬɨɦ ɷɬɚɩɟ 
ɩɪɨɢɫɯɨɞɢɬ ɧɚɛɨɪ ɩɪɨɱɧɨɫɬɢ ɝɨɬɨɜɨɝɨ ɢɡɞɟɥɢɹ. ɋɪɟɞɢ ɹɜɥɟɧɢɣ, ɩɪɨɬɟɤɚɸɳɢɯ ɩɪɢ ɨɛ-
ɠɢɝɟ, ɜɚɠɧɟɣɲɢɦ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ ɫɩɟɤɚɧɢɹ, ɨɛɭɫɥɚɜɥɢɜɚɸɳɢɣ ɩɪɟɜɪɚɳɟɧɢɟ ɩɨɪɢ-
ɫɬɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɤɨɧɝɥɨɦɟɪɚɬɚ ɫɥɚɛɨɫɜɹɡɚɧɧɵɯ ɱɚɫɬɢɰ, ɨɛɴɟɞɢɧɹɟɦɵɯ ɩɪɟɢɦɭɳɟ-
ɫɬɜɟɧɧɨ ɫɢɥɚɦɢ ɬɪɟɧɢɹ ɢ ɚɞɝɟɡɢɢ, ɜ ɩɪɨɱɧɨɟ ɬɟɥɨ ɫ ɡɚɞɚɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɫɜɨɣɫɬɜɚɦɢ 
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[12–15Ж. ȼ ɯɨɞɟ ɫɩɟɤɚɧɢɹ ɢɦɟɟɬ ɦɟɫɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɢ ɪɨɫɬ ɤɨɧɬɚɤɬɨɜ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ 
ɬɜɟɪɞɨɣ ɮɚɡɵ, ɭɦɟɧɶɲɟɧɢɟ ɪɚɡɦɟɪɚ ɩɨɪ ɢ ɢɯ ɱɢɫɥɚ, ɜɩɥɨɬɶ ɞɨ ɩɨɥɧɨɝɨ ɢɫɱɟɡɧɨɜɟɧɢɹ, 
ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɟ ɫɦɟɳɟɧɢɟ ɝɪɚɧɢɰ ɦɟɠɞɭ ɤɪɢɫɬɚɥɥɚɦɢ. ɉɪɢ ɷɬɨɦ ɜ ɩɪɨɰɟɫɫɟ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɜɵɫɨɤɨɩɨɪɢɫɬɵɯ ɨɬɤɪɵɬɨɹɱɟɢɫɬɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɨɱɟɧɶ ɜɚɠɧɨ 
ɞɨɛɢɬɶɫɹ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɫɨɯɪɚɧɟɧɢɹ ɜ ɝɨɬɨɜɨɦ ɦɚɬɟɪɢɚɥɟ ɩɨɪɨɜɨɣ ɫɬɪɭɤɬɭɪɵ ɢɫɯɨɞ-
ɧɵɯ ɉɉɍ-ɤɚɪɤɚɫɨɜ, ɚ ɫ ɞɪɭɝɨɣ – ɧɚɛɨɪɚ ɩɪɨɱɧɨɫɬɢ ɡɚ ɫɱɟɬ ɫɩɟɤɚɧɢɹ ɱɚɫɬɢɰ, ɧɚɯɨɞɹ-
ɳɢɯɫɹ ɜ ɦɟɠɴɹɱɟɢɫɬɵɯ ɩɟɪɟɝɨɪɨɞɤɚɯ Д16–19]. 

ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɩɪɨɰɟɫɫɨɜ ɫɩɟɤɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɭɱɢɬɵɜɚɬɶ 
ɫɨɫɬɨɹɧɢɟ ɮɚɡ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɫɩɟɤɚɧɢɢ. ȿɫɥɢ ɫɩɟɤɚɧɢɟ ɩɪɨɬɟɤɚɟɬ ɜ ɫɢɫɬɟɦɟ «ɬɜɟɪɞɚɹ 
ɮɚɡɚ–ɠɢɞɤɨɫɬɶ–ɝɚɡ», ɬɨ ɨɫɧɨɜɧɚɹ ɪɨɥɶ ɜ ɦɟɯɚɧɢɡɦɟ ɩɟɪɟɧɨɫɚ ɜɟɳɟɫɬɜɚ ɜ ɦɟɠɡɟɪɟɧɧɵɟ 
ɩɨɪɵ ɢ ɡɚɬɹɝɢɜɚɧɢɹ ɩɨɪ ɩɪɢɧɚɞɥɟɠɢɬ ɠɢɞɤɨɣ ɮɚɡɟ. ɗɬɭ ɝɪɭɩɩɭ ɩɪɨɰɟɫɫɨɜ ɧɚɡɵɜɚɸɬ 
«ɠɢɞɤɨɮɚɡɧɵɦ ɫɩɟɤɚɧɢɟɦ». ɉɪɨɰɟɫɫɵ ɫɩɟɤɚɧɢɹ ɛɟɡ ɭɱɚɫɬɢɹ ɠɢɞɤɨɣ ɮɚɡɵ ɧɚɡɵɜɚɸɬ 
«ɬɜɟɪɞɨɮɚɡɧɵɦ ɫɩɟɤɚɧɢɟɦ» Д1γ, β0Ж. ɉɪɢ ɠɢɞɤɨɮɚɡɧɨɦ ɫɩɟɤɚɧɢɢ ɩɟɪɟɧɨɫ ɜɟɳɟɫɬɜɚ ɢ 
ɧɚɛɨɪ ɩɪɨɱɧɨɫɬɢ ɢɡɞɟɥɢɹ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɜɹɡɤɨɝɨ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ ɢ ɟɟ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɹ ɫ ɬɜɟɪɞɨɣ ɮɚɡɨɣ (ɪɚɫɬɜɨɪɟɧɢɟ, ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ). ɉɪɢ ɬɜɟɪɞɨɮɚɡɧɨɦ ɫɩɟɤɚɧɢɢ 
ɩɟɪɟɧɨɫ ɜɟɳɟɫɬɜɚ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɞɢɮɮɭɡɢɢ ɢɨɧɨɜ, ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɬɜɟɪ-
ɞɵɯ ɱɚɫɬɢɰ, ɩɪɨɰɟɫɫɨɜ ɢɫɩɚɪɟɧɢɹ-ɤɨɧɞɟɧɫɚɰɢɢ. Ɍɜɟɪɞɨɮɚɡɧɵɣ ɦɟɯɚɧɢɡɦ ɫɩɟɤɚɧɢɹ ɬɪɟ-
ɛɭɟɬ ɛɨɥɟɟ ɠɟɫɬɤɢɯ ɭɫɥɨɜɢɣ ɨɛɠɢɝɚ – ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɞɚɜɥɟɧɢɹ, ɩɥɨɬɧɨɝɨ 
ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ ɫɩɟɤɚɟɦɵɯ ɱɚɫɬɢɰ. 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɪɨɰɟɫɫɨɜ ɫɩɟɤɚɧɢɹ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɪɟ-
ɠɢɦɨɜ ɨɛɠɢɝɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɹɱɟɢɫɬɨɣ ɩɨɪɨɜɨɣ ɫɬɪɭɤɬɭɪɨɣ ɧɚ ɨɫɧɨɜɟ ɩɨ-
ɦɨɥɚ ɦɭɥɥɢɬɨɜɵɯ ɜɨɥɨɤɨɧ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɩɟɧɨɮɢɥɶɬɪɨɜ, ɨɛɥɚɞɚɸ-
ɳɢɯ ɫɨɨɛɳɚɸɳɟɣɫɹ ɹɱɟɢɫɬɨɣ ɩɨɪɢɫɬɨɫɬɶɸ 80ޓ% ɢ ɩɪɨɱɧɨɫɬɶɸ ɩɪɢ ɫɠɚɬɢɢ 0,5ޓ Ɇɉɚ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 
14.γ. «Ɇɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɬɟɩɥɨɡɚɳɢɬɧɵɟ ɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ» 
(«ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ 
ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ») [1]. 
 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 
Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɲɥɢɤɟɪɧɵɯ ɫɭɫɩɟɧɡɢɣ ɜ ɤɚɱɟɫɬɜɟ ɩɨɪɨɲɤɚ ɦɭɥɥɢɬɚ ɢɫɩɨɥɶɡɨɜɚ-

ɥɢ ɦɨɥɨɬɵɟ ɦɭɥɥɢɬɨɜɵɟ ɜɨɥɨɤɧɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɎȽɍɉ «ȼɂȺɆ» ɫɨ ɫɪɟɞɧɢɦ ɞɢɚɦɟɬɪɨɦ 
ɦɨɥɨɬɨɝɨ ɜɨɥɨɤɧɚ 1–γ ɦɤɦ (ɪɢɫ. 1). ɉɨɦɨɥ ɢɫɯɨɞɧɵɯ ɜɨɥɨɤɨɧ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɜɢɛɪɚɰɢɨɧ-
ɧɨɣ ɦɟɥɶɧɢɰɟ Ɇȼ-005 ɜ ɬɟɱɟɧɢɟ 1 ɱ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɠɢɞɤɢɯ ɫɪɟɞ – «ɫɭɯɨɣ» ɩɨɦɨɥ. 

 

 
Ɋɢɫ. 1. Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɚ ɢɫɯɨɞɧɵɯ ɜɨɥɨɤɨɧ 

 
ɒɥɢɤɟɪɧɵɟ ɫɭɫɩɟɧɡɢɢ ɝɨɬɨɜɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɫɬɜɨɪɨɜ ɨɤɫɢɯɥɨɪɢɞɚ ɚɥɸ-

ɦɢɧɢɹ, ɨɤɫɢɯɥɨɪɢɞɚ ɰɢɪɤɨɧɢɹ, ɯɥɨɪɢɞɚ ɦɚɝɧɢɹ, ɚ ɬɚɤɠɟ ɫɢɥɢɤɚɡɨɥɹ. ɗɬɢ ɫɨɟɞɢɧɟɧɢɹ 
ɜɵɫɬɭɩɚɥɢ ɜ ɪɨɥɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɜɹɡɨɤ ɩɪɢ ɮɨɪɦɨɜɚɧɢɢ ɡɚɝɨɬɨɜɨɤ ɢ ɫɩɟɤɚɸɳɢɯ ɞɨ-
ɛɚɜɨɤ ɩɪɢ ɨɛɠɢɝɟ. 
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ɋɵɪɵɟ ɨɛɪɚɡɰɵ ɩɨɥɭɱɚɥɢ ɩɭɬɟɦ ɩɪɨɩɢɬɤɢ ɲɥɢɤɟɪɧɨɣ ɫɭɫɩɟɧɡɢɟɣ ɩɟɧɨɩɨɥɢɭɪɟɬɚ-
ɧɨɜɵɯ ɛɥɨɤɨɜ ɫ ɨɬɤɪɵɬɨɹɱɟɢɫɬɨɣ ɩɨɪɨɜɨɣ ɫɬɪɭɤɬɭɪɨɣ ɪɚɡɦɟɪɚɦɢ 5×γ×β ɫɦ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɨɬɠɢɦɨɦ ɢɡɛɵɬɤɚ ɲɥɢɤɟɪɚ. Ɉɛɠɢɝ ɨɛɪɚɡɰɨɜ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɟɱɢ Naber-
therm HT 16/18 ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 1000–1400°ɋ ɜ ɧɟɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ: ɧɚɝɪɟɜ 
ɨɛɪɚɡɰɨɜ ɜ ɩɟɱɢ, ɜɵɞɟɪɠɤɚ ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɢɧɟɪɰɢɨɧɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɫ ɩɟɱɶɸ. 

Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɦɚɬɟɪɢɚɥɨɜ ɨɩɪɟɞɟɥɹɥɢ ɧɚ ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ 
ȾɊɈɇ-γɆ. ɋɴɟɦɤɭ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɜ Cu Kα-ɢɡɥɭɱɟɧɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ  
2θ=20–70 ɝɪɚɞ ɩɨ ɬɨɱɤɚɦ ɫ ɲɚɝɨɦ 0,05 ɝɪɚɞ ɢ ɷɤɫɩɨɡɢɰɢɟɣ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ β ɫ. Ⱦɥɹ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɮɚɡ ɩɨɥɭɱɟɧɧɵɟ ɞɢɮɪɚɤɬɨɝɪɚɦɦɵ ɫɨɩɨɫɬɚɜɥɹɥɢ ɫ ɞɚɧɧɵɦɢ ɬɚɛɥɢɰ 
ASTM. Ɉɩɬɢɱɟɫɤɭɸ ɦɢɤɪɨɫɤɨɩɢɸ ɜ ɩɪɨɯɨɞɹɳɟɦ ɢ ɨɬɪɚɠɟɧɧɨɦ ɫɜɟɬɟ ɩɪɨɜɨɞɢɥɢ ɧɚ 
ɦɢɤɪɨɫɤɨɩɟ Olympus BX-51. ɗɥɟɤɬɪɨɧɧɭɸ ɦɢɤɪɨɫɤɨɩɢɸ ɩɪɨɜɨɞɢɥɢ ɧɚ ɫɤɚɧɢɪɭɸɳɟɦ 
ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ HТЭКМСТ S-405A ɩɪɢ ɭɫɤɨɪɹɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ β5 ɤȼ. ɂɡɦɟɪɟ-
ɧɢɟ ɩɪɨɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɫɠɚɬɢɢ ɨɫɭɳɟɫɬɜɥɹɥɢ ɧɚ ɭɫɬɚɧɨɜɤɟ Instron 5965. 
 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 
Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɨɝɨ ɦɭɥɥɢɬɨɜɨɝɨ ɜɨɥɨɤɧɚ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨ-

ɩɨɪɢɫɬɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɜɤɥɸɱɚɥ ɢɫɫɥɟɞɨɜɚɧɢɟ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɢ ɫɬɪɭɤ-
ɬɭɪɵ. Ⱦɚɧɧɵɟ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɨɥɨɤɧɚ ɹɜɥɹɸɬɫɹ ɚɦɨɪɮɧɵɦɢ, 
ɧɟ ɢɦɟɸɳɢɦɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ ɫɬɪɭɤɬɭɪɚɦɢ (ɪɢɫ. 1). Ɉɬɫɭɬɫɬɜɢɟ ɜ ɜɨɥɨɤɧɚɯ ɦɚɤ-
ɪɨ- ɢ ɦɢɤɪɨɤɪɢɫɬɚɥɥɨɜ ɬɚɤɠɟ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɞɚɧɧɵɦɢ ɨɩɬɢɱɟɫɤɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɜ 
ɩɪɨɯɨɞɹɳɟɦ ɩɨɥɹɪɢɡɨɜɚɧɧɨɦ ɫɜɟɬɟ (ɪɢɫ. β, ɚ). 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ ɜɵɹɫɧɟɧɨ, ɱɬɨ ɩɪɢ ɩɨɦɨɥɟ ɜɨɥɨɤɨɧ ɜ ɜɢɛɪɚɰɢɨɧɧɨɣ 
ɦɟɥɶɧɢɰɟ ɜ ɬɟɱɟɧɢɟ γ0 ɦɢɧ ɫɪɟɞɧɟɟ ɫɨɨɬɧɨɲɟɧɢɟ ɞɥɢɧɵ ɜɨɥɨɤɧɚ ɤ ɟɝɨ ɞɢɚɦɟɬɪɭ ɫɨ-
ɫɬɚɜɥɹɟɬ ɨɬ β0/1 ɞɨ 100/1 (ɪɢɫ. β, ɛ). ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɨɦɨɥɚ ɞɨ 1 ɱ 
ɷɬɨ ɫɨɨɬɧɨɲɟɧɢɟ ɞɨɫɬɢɝɚɟɬ ɡɧɚɱɟɧɢɣ ɨɬ 5/1 ɞɨ β0/1 ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɡɧɚɱɟɧɢɣ ɞɢɚɦɟɬɪɚ 
ɜɨɥɨɤɨɧ ɜ ɞɢɚɩɚɡɨɧɟ 1–γ ɦɤɦ (ɪɢɫ. β, ɜ). 

 
Ɋɢɫ. β. ɂɫɯɨɞɧɵɟ ɜɨɥɨɤɧɚ ɦɭɥɥɢɬɨɜɨɝɨ ɫɨɫɬɚɜɚ (ɨɩɬɢɱɟɫɤɚɹ ɦɢɤɪɨɫɤɨɩɢɹ, ɩɪɨɯɨɞɹɳɢɣ ɫɜɟɬ, 

ɩɨɥɹɪɢɡɚɬɨɪ+ɚɧɚɥɢɡɚɬɨɪ): 
ɚ – ɞɨ ɩɨɦɨɥɚ ɜ ɜɢɛɪɚɰɢɨɧɧɨɣ ɦɟɥɶɧɢɰɟ; ɛ, ɜ – ɩɨɫɥɟ ɩɨɦɨɥɚ ɜ ɜɢɛɪɚɰɢɨɧɧɨɣ ɦɟɥɶɧɢɰɟ ɜ  

ɬɟɱɟɧɢɟ γ0 ɦɢɧ ɢ 1 ɱ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
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Ʉɚɤ ɩɪɚɜɢɥɨ, ɫɩɟɤɚɧɢɟ ɤɟɪɚɦɢɤɢ ɢɡ ɱɢɫɬɨɝɨ ɦɭɥɥɢɬɚ (γAl2O3·2SiO2) ɩɪɨɢɫɯɨɞɢɬ 
ɩɨ ɬɜɟɪɞɨɮɚɡɧɨɦɭ ɦɟɯɚɧɢɡɦɭ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɨɪɹɞɤɚ 1850–1950°ɋ ɜ ɬɟɱɟɧɢɟ ɧɟ-
ɫɤɨɥɶɤɢɯ ɱɚɫɨɜ, ɢ ɞɥɹ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɠɢɝɚ ɢɡɞɟɥɢɣ ɜ ɫɨɫɬɚɜ ɦɚɫɫɵ ɜɜɨɞɹɬ 
ɫɩɟɤɚɸɳɢɟ ɞɨɛɚɜɤɢ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɩɨɪɢɫɬɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚ-
ɥɨɜ ɩɭɬɟɦ ɫɩɟɤɚɧɢɹ ɧɟɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ ɱɚɫɬɢɰ ɦɭɥɥɢɬɨɜɨɝɨ ɫɨɫɬɚɜɚ, ɤɨɬɨɪɵɟ ɜ 
ɩɪɨɰɟɫɫɟ ɫɩɟɤɚɧɢɹ ɢɡ ɚɦɨɪɮɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɟɪɟɯɨɞɹɬ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ, ɩɪɢ ɷɬɨɦ 
ɚɦɨɪɮɧɨɟ ɫɨɫɬɨɹɧɢɟ ɱɚɫɬɢɰ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɨɬɟɤɚɧɢɟ ɫɩɟɤɚɧɢɹ ɩɨ ɠɢɞɤɨɮɚɡɧɨɦɭ ɦɟ-
ɯɚɧɢɡɦɭ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ, ɜ ɩɪɨɰɟɫɫɟ ɫɩɟɤɚɧɢɹ ɭɥɭɱɲɚɟɬɫɹ ɧɚɱɚɥɶɧɨɟ ɩɪɢɩɟɤɚɧɢɟ ɱɚ-
ɫɬɢɰ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɧɚɛɨɪ ɩɪɨɱɧɨɫɬɢ ɝɨɬɨɜɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɢɡɞɟɥɢɹ. 

ɂɫɩɨɥɶɡɭɟɦɵɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɫɩɟɤɚɸɳɢɟ ɞɨɛɚɜɤɢ ɩɨ ɦɟɯɚɧɢɡɦɭ ɞɟɣɫɬɜɢɹ 
ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɝɪɭɩɩɵ: ɭɥɭɱɲɚɸɳɢɟ ɞɢɮɮɭɡɢɸ ɢɨɧɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ 
ɦɭɥɥɢɬɚ ɢ ɭɫɤɨɪɹɸɳɢɟ ɩɪɨɰɟɫɫ ɬɜɟɪɞɨɮɚɡɧɨɝɨ ɫɩɟɤɚɧɢɹ – ɨɤɫɢɞɵ ɰɢɪɤɨɧɢɹ ɢ ɚɥɸɦɢ-
ɧɢɹ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɪɚɡɥɨɠɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɤɫɢɯɥɨɪɢɞɨɜ, ɢ ɨɤɫɢɞ ɦɚɝɧɢɹ, 
ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɯɥɨɪɢɞɚ ɦɚɝɧɢɹ ɫ ɜɨɥɨɤɧɚɦɢ ɦɭɥɥɢɬɨɜɨɝɨ ɫɨɫɬɚɜɚ; 
ɚ ɬɚɤɠɟ ɞɨɛɚɜɤɢ, ɨɛɪɚɡɭɸɳɢɟ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɠɢɞɤɭɸ ɮɚɡɭ ɢ ɡɚɩɭɫɤɚɸɳɢɟ 
ɦɟɯɚɧɢɡɦ ɠɢɞɤɨɮɚɡɧɨɝɨ ɫɩɟɤɚɧɢɹ, – ɨɤɫɢɞ ɤɪɟɦɧɢɹ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɣ ɜ ɫɢɥɢɤɚɡɨɥɟ. 
Ʉɚɤ ɨɬɦɟɱɚɥɨɫɶ ɪɚɧɟɟ, ɞɨɛɚɜɤɢ, ɭɫɤɨɪɹɸɳɢɟ ɩɪɨɰɟɫɫ ɬɜɟɪɞɨɮɚɡɧɨɝɨ ɫɩɟɤɚɧɢɹ, ɢɦɟɸɬ 
ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ, ɱɬɨ ɞɨɥɠɧɨ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɧɚɛɨɪɭ ɩɪɨɱɧɨɫɬɢ ɤɟɪɚ-
ɦɢɤɢ ɩɪɢ ɟɟ ɨɛɠɢɝɟ ɩɭɬɟɦ ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɤɨɧɬɚɤɬɨɜ ɦɟɠɞɭ ɫɩɟɤɚɟɦɵɦɢ ɱɚɫɬɢɰɚɦɢ 
ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɭɜɟɥɢɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɚɤɚɧɫɢɣ ɧɚ ɝɪɚɧɢɰɚɯ ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɨɤ Д16Ж. Ɉɞɧɚɤɨ ɨɩɪɨɛɨɜɚɧɢɟ ɭɤɚɡɚɧɧɵɯ ɞɨɛɚɜɨɤ ɜ ɜɵɛɪɚɧɧɨɦ 
ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɧɟ ɩɪɢɜɟɥɨ ɤ ɫɩɟɤɚɟɦɨɫɬɢ ɢɡɞɟɥɢɣ ɢ ɧɚɛɨɪɭ ɢɯ ɩɪɨɱɧɨɫɬɢ ɩɪɢ 
ɨɛɠɢɝɟ. ɂɧɬɟɧɫɢɜɧɨɟ ɫɩɟɤɚɧɢɟ ɧɚɛɥɸɞɚɟɬɫɹ ɬɨɥɶɤɨ ɩɪɢ ɜɜɟɞɟɧɢɢ ɜ ɤɟɪɚɦɢɱɟɫɤɭɸ ɦɚɫ-
ɫɭ ɫɢɥɢɤɚɡɨɥɹ. 

Ʉɨɦɛɢɧɢɪɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɞɨɛɚɜɨɤ ɜ ɲɥɢɤɟɪɧɵɯ ɫɭɫɩɟɧɡɢɹɯ ɩɨɤɚɡɚɥɨ, ɱɬɨ 
ɧɚɛɨɪɭ ɩɪɨɱɧɨɫɬɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɦɟɫɢ ɪɚɫɬɜɨɪɨɜ ɫɢɥɢɤɚɡɨɥɹ ɫ ɨɤɫɢɯɥɨ-
ɪɢɞɨɦ ɚɥɸɦɢɧɢɹ, ɩɨɷɬɨɦɭ ɜ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɚɧɧɭɸ ɤɨɦɛɢ-
ɧɚɰɢɸ ɞɨɛɚɜɨɤ.  

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɨɩɬɢɦɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɦɛɢ-
ɧɚɰɢɢ ɞɨɛɚɜɨɤ ɜ ɫɨɫɬɚɜɟ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɫɫɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ ɜɜɟɞɟɧɢɢ ɜ ɫɨɫɬɚɜ ɤɟ-
ɪɚɦɢɤɢ ɞɨ 1% (ɩɨ ɦɚɫɫɟ) ɫɢɥɢɤɚɡɨɥɹ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ ɱɢɫɬɵɣ SiO2 ɢ 5% (ɩɨ ɦɚɫɫɟ) ɨɤɫɢ-
ɯɥɨɪɢɞɚ ɚɥɸɦɢɧɢɹ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ ɱɢɫɬɵɣ Al2O3 ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɢɧɬɟɧɫɢɜɧɨɝɨ ɧɚɛɨɪɚ 
ɩɪɨɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɨɛɠɢɝɟ, ɚ ɩɪɢ ɜɜɟɞɟɧɢɢ 10ޓ% (ɩɨ ɦɚɫɫɟ) ɩɪɨɢɫɯɨɞɢɬ ɞɟɮɨɪ-
ɦɚɰɢɹ ɦɚɬɟɪɢɚɥɨɜ, ɫɨɩɪɨɜɨɠɞɚɸɳɚɹɫɹ ɢɫɱɟɡɧɨɜɟɧɢɟɦ ɫɨɨɛɳɚɸɳɢɯɫɹ ɹɱɟɢɫɬɵɯ ɩɨɪ. 
ɉɪɢɟɦɥɟɦɵɟ ɡɧɚɱɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɪɟɞɟɥɚɯ 0,5 Ɇɉɚ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɩɨ-
ɪɢɫɬɨɫɬɢ ɧɚ ɭɪɨɜɧɟ 85% ɢ ɨɬɫɭɬɫɬɜɢɢ ɞɟɮɨɪɦɚɰɢɢ ɞɨɫɬɢɝɚɸɬɫɹ ɩɪɢ ɜɜɟɞɟɧɢɢ ɜ ɫɨɫɬɚɜ 
ɤɟɪɚɦɢɤɢ β% (ɩɨ ɦɚɫɫɟ) ɫɢɥɢɤɚɡɨɥɹ ɢ 6,5% (ɩɨ ɦɚɫɫɟ) ɨɤɫɢɯɥɨɪɢɞɚ ɚɥɸɦɢɧɢɹ ɜ ɩɟɪɟ-
ɫɱɟɬɟ ɧɚ ɱɢɫɬɵɟ ɨɤɫɢɞɵ, ɩɨɷɬɨɦɭ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɚɧɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ 
ɩɪɢɧɹɥɢ ɤɚɤ ɨɩɬɢɦɚɥɶɧɭɸ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɚɪɶɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɪɟɦɟɧɧɨ ɝɨ ɪɟɠɢɦɚ ɨɛɠɢɝɚ ɨɛɪɚɡɰɨɜ 
ɜɵɹɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 900ޓ°ɋ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɵɞɟɪɠɤɢ ɧɟ ɦɟɧɟɟ 1 ɱ ɜ 
ɦɚɬɟɪɢɚɥɚɯ ɧɚɱɢɧɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟ ɤɪɢɫɬɚɥɥɨɜ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɞɜɭɯ ɮɚɡɨɜɵɯ ɦɨɞɢ-
ɮɢɤɚɰɢɣ – α- ɢ δ-ɮɚɡɵ (α-Al2O3+δ-Al2O3) ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɦɚɬɪɢɱɧɨɣ ɚɦɨɪɮɧɨɣ ɫɬɪɭɤɬɭ-
ɪɵ ɜɨɥɨɤɨɧ, ɚ ɩɪɢ 1γ00°ɋ ɩɪɨɢɫɯɨɞɢɬ ɢɧɬɟɧɫɢɜɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ɦɭɥɥɢɬɚ (ɪɢɫ. γ) ɫ ɫɨ-
ɯɪɚɧɟɧɢɟɦ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɤɪɢɫɬɚɥɥɨɜ ɨɤɫɢɞɚ ɚɥɸɦɢ-
ɧɢɹ. ɇɚ ɪɢɫ. γ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɢɮɪɚɤɬɨɝɪɚɦɦɵ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨɫɥɟ ɬɪɟɯ 
ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ. Ɉɛɠɢɝ ɩɪɢ 700°ɋ ɜ ɬɟɱɟɧɢɟ 1 ɱ (ɪɢɫ. γ, ɤɪɢɜɚɹ ɚ)  
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ɧɟ ɩɪɢɜɟɥ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ. ɉɨɫɥɟ ɨɛɠɢɝɚ ɦɚɬɟɪɢɚɥɚ ɩɪɢ 1000°ɋ ɜ 
ɬɟɱɟɧɢɟ 1 ɱ (ɪɢɫ. γ, ɤɪɢɜɚɹ ɛ) ɧɚ ɞɢɮɪɚɤɬɨɝɪɚɦɦɟ ɡɚɦɟɬɧɵ ɩɢɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ  
ɤɨɪɭɧɞɭ ɢ δ-Al2O3. Ɉɛɠɢɝ ɩɪɢ 1γ50°ɋ ɜ ɬɟɱɟɧɢɟ 1 ɱ ɩɪɢɜɟɥ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɦɭɥɥɢɬɚ 
(3Al2O3·2SiO2) ɢ ɭɜɟɥɢɱɟɧɢɸ ɨɛɪɚɡɨɜɚɧɢɹ ɤɨɪɭɧɞɚ ɢ δ-Al2O3 (ɪɢɫ. γ, ɜ). 
 

 
Ɋɢɫ. γ. Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɵ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɫɥɟ ɨɛɠɢɝɚ ɜ ɬɟɱɟɧɢɟ 1 ɱ ɩɪɢ ɬɟɦɩɟɪɚ-

ɬɭɪɟ 700 (ɚ), 1000 (ɛ) ɢ 1γ50°ɋ (ɜ):  
Ʉ – ɤɨɪɭɧɞ (α-Al2O3, ASTM 46-1β1β); Ⱦ – δ-Al2O3 (ASTM 4-877); Ɇ – ɦɭɥɥɢɬ (γAl2O3·2SiO2, 

ASTM 79-1455) 
 

ȼɚɪɶɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɪɟɦɟɧɧɨ ɝɨ ɪɟɠɢɦɚ ɨɛɠɢɝɚ ɦɚɬɟɪɢɚɥɨɜ ɬɚɤɠɟ ɩɨ-
ɤɚɡɚɥɨ, ɱɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 1400ޓ°ɋ ɩɪɨɢɫɯɨɞɢɬ ɢɧɬɟɧɫɢɜɧɨɟ ɫɩɟɤɚɧɢɟ ɫ ɡɚɥɟɱɢɜɚɧɢ-
ɟɦ ɩɨɪ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɨɪɢɫɬɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ ɡɧɚɱɟɧɢɣ 75ޒ%. ɉɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɛɠɢɝɚ 1ޒγ00°ɋ ɫɩɟɤɚɧɢɹ ɱɚɫɬɢɰ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɢ ɩɪɨɱɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ 
ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨɣ (ɪɢɫ. 4, ɚ). ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɵɦɢ 
ɡɧɚɱɟɧɢɹɦɢ ɩɪɨɱɧɨɫɬɢ з0,7 Ɇɉɚ ɢ ɩɨɪɢɫɬɨɫɬɢ 85% ɨɛɥɚɞɚɸɬ ɦɚɬɟɪɢɚɥɵ, ɩɨɥɭɱɟɧɧɵɟ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɛɠɢɝɚ 1γ50°ɋ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɛɠɢɝɚ γ ɱ. 
 

 
Ɋɢɫ. 4. ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɠɢɝɚ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɚ – ɩɪɨɱ-

ɧɨɫɬɶ ɩɪɢ ɫɠɚɬɢɢ (ɚ) ɢ ɩɨɪɢɫɬɨɫɬɶ (ɛ) 
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Ɋɢɫ. 5. ɉɨɪɨɜɚɹ ɫɬɪɭɤɬɭɪɚ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɩɟɧɨɦɚɬɟɪɢɚɥɚ (ɨɩɬɢɱɟɫɤɚɹ ɦɢɤɪɨɫɤɨɩɢɹ, ɨɬɪɚ-
ɠɟɧɧɵɣ ɫɜɟɬ, ɬɟɦɧɨɟ ɩɨɥɟ) ɩɨɫɥɟ ɨɛɠɢɝɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1650°ɋ ɜ ɬɟɱɟɧɢɟ 1 ɱ 
 

 
 

Ɋɢɫ. 6. Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ (ɋɗɆ) ɨɛɪɚɡɰɚ ɢɡ ɩɟɧɨɤɟɪɚɦɢɤɢ ɩɨɫɥɟ ɨɛɠɢɝɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
1650°ɋ ɜ ɬɟɱɟɧɢɟ 1 ɱ 
 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɦɟɬɨɞɚɦɢ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ, ɢɦɟɸ-
ɳɢɯ ɨɩɬɢɦɚɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɢ ɩɨɪɢɫɬɨɫɬɢ, ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɧɢ ɨɛɥɚɞɚɸɬ 
ɨɬɤɪɵɬɨɹɱɟɢɫɬɨɣ ɩɨɪɨɜɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɩɨɜɬɨɪɹɸɳɟɣ ɩɨɪɨɜɭɸ ɫɬɪɭɤɬɭɪɭ ɢɫɯɨɞɧɵɯ 
ɉɉɍ-ɤɚɪɤɚɫɨɜ (ɪɢɫ. 5 ɢ 6), ɢ ɪɚɡɦɟɪɵ ɹɱɟɢɫɬɵɯ ɦɚɤɪɨɩɨɪ ɫɨɫɬɚɜɥɹɸɬ 0,5–β ɦɦ.  
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ȼ ɨɛɨɠɠɟɧɧɵɯ ɦɚɬɟɪɢɚɥɚɯ ɫɨɯɪɚɧɹɟɬɫɹ ɡɟɪɧɢɫɬɚɹ ɫɬɪɭɤɬɭɪɚ ɢɫɯɨɞɧɵɯ ɦɨɥɨɬɵɯ ɜɨɥɨ-
ɤɨɧ, ɱɬɨ ɫɜɨɣɫɬɜɟɧɧɨ ɞɥɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɨɥɭɱɚɟɦɵɯ ɩɨ ɬɜɟɪɞɨɮɚɡɧɨɦɭ ɦɟ-
ɯɚɧɢɡɦɭ ɫɩɟɤɚɧɢɹ. ȼ ɫɚɦɢɯ ɦɟɠɩɨɪɨɜɵɯ ɩɟɪɟɝɨɪɨɞɤɚɯ ɩɪɢɫɭɬɫɬɜɭɸɬ ɦɢɤɪɨɩɨɪɵ ɫ ɪɚɡ-
ɦɟɪɚɦɢ ɩɨɪɹɞɤɚ 1–β0 ɦɤɦ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɧɚɥɢɱɢɟɦ ɩɭɫɬɨɬ ɦɟɠɞɭ ɫɩɟɱɟɧɧɵɦɢ ɜɨɥɨɤ-
ɧɚɦɢ, ɩɪɢ ɷɬɨɦ ɦɚɬɟɪɢɚɥɵ ɧɟ ɫɨɞɟɪɠɚɬ ɩɨɪ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɩɭɬɟɦ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɫɩɟɤɚɟɦɵɯ ɱɚɫɬɢɰ. ɉɟɪɟɝɨɪɨɞɤɢ ɬɚɤɠɟ ɧɟ ɫɨɞɟɪɠɚɬ ɫɤɜɨɡɧɵɯ ɩɭɫɬɨɬ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɨɫɬɚɜɚɬɶɫɹ ɜ ɦɚɬɟɪɢɚɥɚɯ ɧɚ ɦɟɫɬɟ ɜɵɝɨɪɚɸɳɟɝɨ ɩɪɢ ɨɛɠɢɝɟ ɩɟɧɨɩɨɥɢɭɪɟɬɚɧɚ Дβ0Ж, ɱɬɨ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɩɟɧɨɮɢɥɶɬɪɨɜ ɩɨ ɢɫɩɨɥɶɡɭɟ-
ɦɨɦɭ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɟɬɨɞɭ (ɪɢɫ. 5, ɛ ɢ ɪɢɫ. 6, ɛ). 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

Ɂɚɞɚɱɟɣ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɩɨɥɭɱɟɧɢɟ ɦɭɥɥɢɬɨɜɨɣ ɤɟɪɚɦɢɤɢ, ɨɛɥɚɞɚɸɳɟɣ 
ɨɬɤɪɵɬɨɹɱɟɢɫɬɨɣ ɩɨɪɨɜɨɣ ɫɬɪɭɤɬɭɪɨɣ ɫ ɨɛɴɟɦɧɨɣ ɞɨɥɟɣ ɫɨɨɛɳɚɸɳɢɯɫɹ ɩɨɪ 85–90% ɢ 
ɩɪɨɱɧɨɫɬɶɸ ɩɪɢ ɫɠɚɬɢɢ 0,5–1 Ɇɉɚ. ɉɪɢ ɷɬɨɦ ɠɟɥɚɬɟɥɶɧɨ ɩɪɨɜɟɞɟɧɢɟ ɨɛɠɢɝɚ ɩɪɢ ɬɟɦ-
ɩɟɪɚɬɭɪɚɯ ɧɟ ɜɵɲɟ 1400°ɋ. Ⱦɥɹ ɤɟɪɚɦɢɤɢ ɫ ɡɚɞɚɧɧɨɣ ɩɨɪɨɜɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɦɟɬɨɞ ɩɪɨɩɢɬɤɢ ɲɥɢɤɟɪɨɦ ɩɟɧɨɩɨɥɢɭɪɟɬɚɧɨɜɵɯ ɤɚɪɤɚɫɨɜ, ɚ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɭɤɚɡɚɧɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪ ɨɛɠɢɝɚ ɜ ɫɨɫɬɚɜ ɦɚɬɟɪɢɚɥɨɜ ɜɜɨɞɢɥɢ ɫɩɟɤɚɸɳɢɟ ɞɨɛɚɜɤɢ. ȼ ɪɹɞɟ ɪɚɛɨɬ Д1β, 
20–β5Ж ɩɨɤɚɡɚɧɚ ɜɵɫɨɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɨɛɚɜɨɤ, ɭɫɤɨɪɹɸɳɢɯ ɩɪɨɰɟɫɫ 
ɬɜɟɪɞɨɮɚɡɧɨɝɨ ɫɩɟɤɚɧɢɹ ɤɨɪɭɧɞɨɜɨɣ ɢ ɞɢɨɤɫɢɞɰɢɪɤɨɧɢɟɜɨɣ ɤɟɪɚɦɢɤɢ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪ ɨɛɠɢɝɚ ɩɨɪɹɞɤɚ 1550–1600°ɋ. Ɉɞɧɚɤɨ ɩɨɥɭɱɟɧɧɵɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɟɡɭɥɶ-
ɬɚɬɵ ɩɨɤɚɡɚɥɢ ɧɟɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɨɛɚɜɨɤ, ɦɟɯɚɧɢɡɦ ɞɟɣɫɬɜɢɹ ɤɨɬɨɪɵɯ 
ɨɫɧɨɜɚɧ ɧɚ ɭɫɤɨɪɟɧɢɢ ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɦɭɥɥɢɬɨɜɵɦ ɜɨɥɨɤ-
ɧɚɦ. ɇɟɷɮɮɟɤɬɢɜɧɚɹ ɪɚɛɨɬɚ ɬɚɤɢɯ ɞɨɛɚɜɨɤ ɩɪɢ ɨɛɠɢɝɟ ɫɜɹɡɚɧɚ ɫ ɬɟɦ, ɱɬɨ ɨɧɢ ɞɟɣɫɬɜɭ-
ɸɬ ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɫɩɟɤɚɟɦɵɟ ɱɚɫɬɢɰɵ ɢɦɟɸɬ ɦɟɠɞɭ ɫɨɛɨɣ ɩɥɨɬɧɵɟ ɤɨɧɬɚɤɬɵ ɫ 
ɛɨɥɶɲɨɣ ɩɥɨɳɚɞɶɸ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ Д1β, 1γЖ. ɉɪɢ ɧɟɫɨɛɥɸɞɟɧɢɢ ɷɬɨɝɨ ɭɫɥɨɜɢɹ ɞɢɮ-
ɮɭɡɢɢ ɢɨɧɨɜ ɱɟɪɟɡ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɬɜɟɪɞɵɯ ɮɚɡ ɧɟ ɩɪɨɢɫɯɨɞɢɬ, ɩɨɫɤɨɥɶɤɭ ɨɫɧɨɜɧɵɦ 
ɡɚɬɪɭɞɧɟɧɢɟɦ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɦɢɤɪɨɨɛɴɟɦɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɱɚɫɬɢɰ ɹɜɥɹ-
ɟɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɚɹ ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɭɫɥɨɜ-
ɥɟɧɧɨɫɬɶ ɨɪɢɟɧɬɚɰɢɢ ɞɜɢɠɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɪɟɲɟɬɤɢ. ɉɨɷɬɨɦɭ ɭɤɚɡɚɧɧɵɟ ɪɚ-
ɧɟɟ ɭɫɥɨɜɢɹ ɬɜɟɪɞɨɮɚɡɧɨɝɨ ɫɩɟɤɚɧɢɹ ɪɟɚɥɢɡɭɸɬɫɹ ɬɨɥɶɤɨ ɩɪɢ ɨɛɠɢɝɟ ɩɥɨɬɧɨɣ ɤɟɪɚɦɢ-
ɤɢ, ɩɨɥɭɱɚɟɦɨɣ ɩɪɟɫɫɨɜɚɧɢɟɦ ɫɭɯɢɯ ɥɢɛɨ ɭɜɥɚɠɧɟɧɧɵɯ ɩɨɪɨɲɤɨɜ. 

ɗɮɮɟɤɬɢɜɧɚɹ ɪɚɛɨɬɚ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɫɨɜɦɟɫɬɧɨ ɫ ɨɤɫɢɞɨɦ ɚɥɸɦɢɧɢɹ ɜ ɤɚɱɟɫɬɜɟ 
ɫɩɟɤɚɸɳɢɯ ɞɨɛɚɜɨɤ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ 1γ00–1400°ɋ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɩɪɢ 
ɨɛɠɢɝɟ, ɜɟɪɨɹɬɧɟɟ ɜɫɟɝɨ, ɨɛɪɚɡɭɟɬɫɹ ɪɚɫɩɥɚɜ ɫɬɟɤɥɨɦɚɫɫɵ, ɤɨɬɨɪɵɣ ɫɦɚɱɢɜɚɟɬ ɢ ɫɬɹɝɢ-
ɜɚɟɬ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɦɨɥɨɬɵɟ ɦɭɥɥɢɬɨɜɵɟ ɜɨɥɨɤɧɚ, ɩɪɢ-
ɱɟɦ ɞɥɹ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɧɟ ɬɪɟɛɭɟɬɫɹ ɩɥɨɬɧɨɝɨ ɩɪɢɥɟɝɚɧɢɹ ɱɚɫɬɢɰ ɞɪɭɝ ɤ ɞɪɭɝɭ, ɬɚɤ ɤɚɤ 
ɨɬɫɭɬɫɬɜɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ ɜ ɫɨɫɬɚɜɟ ɫɬɟɤɥɨɦɚɫɫɵ ɫɩɨɫɨɛɫɬɜɭɟɬ ɟɟ ɛɟɫɩɪɟɩɹɬ-
ɫɬɜɟɧɧɨɦɭ ɬɟɱɟɧɢɸ ɜ ɩɪɨɰɟɫɫɟ ɫɩɟɤɚɧɢɹ ɢ ɫɜɹɡɵɜɚɧɢɸ ɱɚɫɬɢɰ ɬɜɟɪɞɨɣ ɮɚɡɵ. ȼ ɪɟɡɭɥɶ-
ɬɚɬɟ ɝɨɬɨɜɵɟ ɤɟɪɚɦɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɬɪɭɤɬɭɪɵ ɢɡ ɱɚɫɬɢɰ ɦɨɥɨ-
ɬɵɯ ɜɨɥɨɤɨɧ, ɫɤɥɟɟɧɧɵɟ ɩɪɨɫɥɨɣɤɚɦɢ ɫɬɟɤɥɨɮɚɡɵ ɢ ɦɭɥɥɢɬɚ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜ ɦɚɬɟɪɢɚɥɚɯ ɩɪɢɟɦɥɟɦɵɯ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢ ɫɨ-
ɯɪɚɧɟɧɢɢ ɫɨɨɛɳɚɸɳɟɣɫɹ ɩɨɪɨɜɨɣ ɫɬɪɭɤɬɭɪɵ ɢɫɯɨɞɧɵɯ ɉɉɍ-ɤɚɪɤɚɫɨɜ ɧɟɨɛɯɨɞɢɦɨ ɫɨ-
ɞɟɪɠɚɧɢɟ β% (ɩɨ ɦɚɫɫɟ) ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɢ 6% (ɩɨ ɦɚɫɫɟ) ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. ɉɪɢ ɜɜɟɞɟ-
ɧɢɢ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɩɟɤɚɸɳɢɯ ɞɨɛɚɜɨɤ ɢɡɛɵɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɣ ɫɬɟɤɥɨ-
ɦɚɫɫɵ, ɨɛɪɚɡɭɸɳɟɣɫɹ ɩɪɢ ɫɩɟɤɚɧɢɢ, ɩɪɢɜɨɞɢɬ ɤ ɞɟɮɨɪɦɚɰɢɢ ɩɨɥɭɱɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɢɫɱɟɡɧɨɜɟɧɢɸ ɩɨɪ ɡɚ ɫɱɟɬ ɢɧɬɟɧɫɢɜɧɨɝɨ ɜɹɡɤɨɝɨ ɬɟɱɟɧɢɹ. Ɇɟɠɩɨɪɨɜɵɟ ɩɟɪɟɝɨɪɨɞɤɢ ɦɚ-
ɬɟɪɢɚɥɨɜ ɬɚɤɠɟ ɨɛɥɚɞɚɸɬ ɦɢɤɪɨɩɨɪɢɫɬɨɫɬɶɸ, ɬɚɤ ɤɚɤ ɞɚɠɟ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɫɛɥɢɠɟ-
ɧɢɢ ɱɚɫɬɢɰ, ɩɪɨɢɫɯɨɞɹɳɟɦ ɩɪɢ ɫɩɟɤɚɧɢɢ, ɫɬɟɤɥɨɦɚɫɫɚ ɧɟ ɡɚɩɨɥɧɹɟɬ ɜɫɟ ɩɪɨɫɬɪɚɧɫɬɜɨ 
ɦɟɠɞɭ ɦɨɥɨɬɵɦɢ ɜɨɥɨɤɧɚɦɢ, ɢ ɩɪɢ ɷɬɨɦ ɜ ɨɛɨɠɠɟɧɧɨɦ ɦɚɬɟɪɢɚɥɟ ɨɫɬɚɸɬɫɹ ɧɟ ɬɨɥɶɤɨ 
ɡɚɦɤɧɭɬɵɟ, ɧɨ ɢ ɨɬɤɪɵɬɵɟ ɦɢɤɪɨɩɨɪɵ. 
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ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɛɠɢɝɚ ɩɨɪɹɞɤɚ 1γ00–1400°ɋ ɦɟɠɞɭ ɫɩɟɤɚɟɦɵɦɢ ɜɨɥɨɤɧɚɦɢ 
ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɦɭɥɥɢɬɚ ɩɭɬɟɦ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɨɤɫɢɞɨɦ 
ɚɥɸɦɢɧɢɹ ɢ ɨɤɫɢɞɨɦ ɤɪɟɦɧɢɹ. Ɍɚɤɨɟ ɜɵɞɟɥɟɧɢɟ ɦɭɥɥɢɬɚ ɧɚ ɝɪɚɧɢɰɚɯ ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ 
ɬɚɤɠɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɧɚɛɨɪɭ ɩɪɨɱɧɨɫɬɢ ɩɨɥɭɱɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɬɚɤ ɤɚɤ ɜɵɞɟɥɢɜɲɢɣɫɹ 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ ɦɭɥɥɢɬ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɚɞɝɟɡɢɟɣ ɤ ɜɨɥɨɤɧɚɦ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 
ɦɭɥɥɢɬɨɜɨɝɨ ɫɨɫɬɚɜɚ, ɩɨɷɬɨɦɭ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜ ɦɚɬɟɪɢɚɥɚɯ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ 
-Ɇɉɚ ɞɨɫɬɚɬɨɱɧɨ ɞɨɫɬɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɠɢɝɚ ɩɨɪɹɞɤɚ 1γ50°ɋ ɩɪɢ ɟɝɨ ɩɪɨ 0,5ޓ
ɞɨɥɠɢɬɟɥɶɧɨɫɬɢ γ ɱ. ɉɨɫɤɨɥɶɤɭ ɩɟɧɨɤɟɪɚɦɢɤɚ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɦɚɬɟɪɢɚɥɨɦ, 
ɬɨ ɞɨɫɬɢɝɧɭɬɚɹ ɩɪɨɱɧɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ. 

ȼɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɦɭɥɥɢɬɚ ɧɟɤɨɧɞɢɰɢɨɧɧɵɟ 
ɨɫɬɚɬɤɢ ɦɭɥɥɢɬɨɜɨɝɨ ɜɨɥɨɤɧɚ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɫɬɨɢɦɨɫɬɶ ɩɟɧɨɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɢɫɩɨɥɶɡɭɹ ɬɚɤɨɟ ɜɨɥɨɤɧɨ, ɦɨɠɧɨ ɧɟ ɩɪɨɜɨɞɢɬɶ ɟɝɨ ɩɨɦɨɥ ɞɨ ɫɨɫɬɨɹɧɢɹ ɩɨ-
ɪɨɲɤɚ, ɚ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɡɦɟɥɶɱɟɧɧɵɟ ɜɨɥɨɤɧɚ ɦɭɥɥɢɬɚ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ɞɥɢɧɵ ɜɨɥɨɤɧɚ 
ɤ ɟɝɨ ɞɢɚɦɟɬɪɭ ɜ ɞɢɚɩɚɡɨɧɟ (5/1–10/1), ɱɬɨ ɨɛɟɫɩɟɱɢɬ ɜ ɝɨɬɨɜɵɯ ɩɟɧɨɮɢɥɶɬɪɚɯ ɧɚɥɢɱɢɟ 
ɪɚɡɜɢɬɨɣ ɩɨɪɢɫɬɨɫɬɢ ɜ ɩɟɪɟɝɨɪɨɞɤɚɯ ɦɟɠɞɭ ɦɚɤɪɨɩɨɪɚɦɢ ɡɚ ɫɱɟɬ ɩɭɫɬɨɬ ɦɟɠɞɭ ɫɩɟɱɟɧ-
ɧɵɦɢ ɜɨɥɨɤɧɚɦɢ. 
 

Ɂɚɤɥɸɱɟɧɢɹ 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɚɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɩɟɧɨ-

ɮɢɥɶɬɪɨɜ ɧɚ ɨɫɧɨɜɟ ɦɭɥɥɢɬɨɜɵɯ ɜɨɥɨɤɨɧ, ɨɛɥɚɞɚɸɳɢɯ ɹɱɟɢɫɬɨɣ ɩɨɪɨɜɨɣ ɫɬɪɭɤɬɭɪɨɣ ɫ 
ɨɬɤɪɵɬɨɣ ɩɨɪɢɫɬɨɫɬɶɸ ɞɨ 85% ɢ ɩɪɨɱɧɨɫɬɶɸ ɩɪɢ ɫɠɚɬɢɢ ɞɨ 0,6–0,7 Ɇɉɚ. Ɉɩɬɢɦɚɥɶ-
ɧɵɦ ɪɟɠɢɦɨɦ ɩɨɥɭɱɟɧɢɹ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɟɬɫɹ ɨɛɠɢɝ ɩɪɢ 1γ50°ɋ ɜ ɬɟɱɟɧɢɟ γ ɱ 
ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ β% (ɩɨ ɦɚɫɫɟ) ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɢ 6,5% (ɩɨ ɦɚɫɫɟ) ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜ 
ɫɨɫɬɚɜɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɜɹɡɤɢ ɲɥɢɤɟɪɚ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜ ɦɚɬɟɪɢɚɥɚɯ ɧɚɢɛɨɥɶɲɢɯ 
ɡɧɚɱɟɧɢɣ ɩɪɨɱɧɨɫɬɢ ɢ ɭɦɟɧɶɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɠɢɝɚ ɬɪɟɛɭɟɬɫɹ ɞɚɥɶɧɟɣɲɚɹ ɨɩɬɢɦɢ-
ɡɚɰɢɹ ɫɨɫɬɚɜɚ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɫɫɵ ɩɭɬɟɦ ɩɨɞɛɨɪɚ ɫɩɟɤɚɸɳɢɯ ɞɨɛɚɜɨɤ ɢ ɮɪɚɤɰɢɨɧɧɨɝɨ 
ɫɨɫɬɚɜɚ ɦɨɥɨɬɵɯ ɜɨɥɨɤɨɧ, ɚ ɬɚɤɠɟ ɨɩɬɢɦɢɡɚɰɢɹ ɫɨɫɬɚɜɚ ɲɥɢɤɟɪɧɵɯ ɫɭɫɩɟɧɡɢɣ ɩɭɬɟɦ 
ɩɨɞɛɨɪɚ ɷɥɟɤɬɪɨɥɢɬɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɭɜɟɥɢɱɢɬɶ ɜ ɲɥɢɤɟɪɟ ɨɛɴɟɦɧɭɸ ɞɨɥɸ ɬɜɟɪɞɨɣ ɮɚ-
ɡɵ ɫ ɰɟɥɶɸ ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɤɨɧɬɚɤɬɨɜ ɦɟɠɞɭ ɫɩɟɤɚɟɦɵɦɢ ɱɚɫɬɢɰɚɦɢ ɩɪɢ ɨɛɠɢɝɟ. 
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ɍȾɄ 669.018.95 
 
Ⱥ.ɘ. ɂɡɨɬɨɜɚ1, Ɉ.ɂ. Ƚɪɢɲɢɧɚ1, Ⱥ.Ⱥ. ɒɚɜɧɟɜ1 
 
ɄɈɆɉɈɁɂɐɂɈɇɇɕȿ  ɆȺɌȿɊɂȺɅɕ  ɇȺ  ɈɋɇɈȼȿ  ɌɂɌȺɇȺ,  
ȺɊɆɂɊɈȼȺɇɇɕȿ  ȼɈɅɈɄɇȺɆɂ  (ɨɛɡɨɪ) 
 
DOI: 10.18577/2307-6046-2017-0-5-5-5 
 

Ɍɢɬɚɧ ɢ ɬɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ ɹɜɥɹɸɬɫɹ ɨɱɟɧɶ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɞɥɹ ɩɟɪ-
ɫɩɟɤɬɢɜɧɵɯ ɫɮɟɪ ɩɪɢɦɟɧɟɧɢɹ ɛɥɚɝɨɞɚɪɹ ɢɯ ɫɜɨɣɫɬɜɚɦ: ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɢ, ɜɵɫɨɤɢɦ ɦɟ-
ɯɚɧɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɢ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ. Ⱦɚɥɶɧɟɣɲɟɟ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ 
ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɢɯ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɵɫɨɤɨɩɪɨɱɧɵɦɢ 
ɫɬɚɥɹɦɢ ɢɥɢ NТ-ɫɩɥɚɜɚɦɢ. 

Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɹɜɥɹɟɬɫɹ ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɜ 
ɤɚɱɟɫɬɜɟ ɦɚɬɪɢɰɵ ɞɥɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɄɆ), ɚɪɦɢɪɨɜɚɧɧɵɯ ɜɨɥɨɤɧɚɦɢ, 
ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ ɨɱɟɧɶ ɯɨɪɨɲɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɧɨ ɢɡɞɟɪɠɤɢ ɢɯ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ ɞɨɜɨɥɶɧɨ ɱɚɫɬɨ ɛɨɥɶɲɟ, ɱɟɦ ɭ ɫɬɚɧɞɚɪɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ɉɞɧɚɤɨ ɫɬɨɢɬ ɨɬɦɟ-
ɬɢɬɶ, ɱɬɨ ɩɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ɫɚɦɨɥɟɬɨɜ (ɪɟ-
ɚɤɬɢɜɧɵɣ ɞɜɢɝɚɬɟɥɶ ɢ ɮɸɡɟɥɹɠ) ɢ ɩɪɢɦɟɧɟɧɢɟ ɜ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɪɚɫ-
ɬɭɬ ɛɵɫɬɪɵɦɢ ɬɟɦɩɚɦɢ. 

Кɥюɱɟɜыɟ ɫɥɨɜɚ: ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ, ɜɨɥɨɤɧɚ ɛɨɪɚ, ɜɨɥɨɤɧɚ 
ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ, ɢɧɬɟɪɦɟɬɚɥɥɢɞ ɬɢɬɚɧɚ, ɬɢɬɚɧɨɜɵɣ ɫɩɥɚɜ. 

 
Titan and titanium alloys are very attractive materials for perspective fields of application 

due to their properties: low density, high mechanical properties, corrosion resistance. Further 
improvement is necessary to increase their competitiveness compared to high-strength steels or 
Ni-alloys. 

One of the ways to enhance titanium alloys is to use them as a matrix in fiber-reinforced 
composites. Fiber- reinforced titanium matrix composites have very good mechanical proper-
ties, but costs of their production are often higher, than production of standart materials. How-
ever usege of these materials in aircraft manufacturing (jet engines and fuselage) and automo-
tive industry is growing rapidly. 

Keywords: a metal composite material, boron fiber, silicon carbide fiber, an intermetallic 
compound of titanium, titanium alloy. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
state unitary enterprise «AХХ-RЮssТКЧ sМТОЧЭТПТМ rОsОКrМС ТЧsЭТЭЮЭО ШП КЯТКЭТШЧ ЦКЭОrТКХs» State research center 
of the Russian Federation]; e-mail: admin@viam.ru 
 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 
1β.1. «Ɇɟɬɚɥɥɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ (ɆɄɆ), ɚɪɦɢɪɨɜɚɧɧɵɟ ɱɚɫɬɢɰɚɦɢ ɢ 
ɜɨɥɨɤɧɚɦɢ ɬɭɝɨɩɥɚɜɤɢɯ ɫɨɟɞɢɧɟɧɢɣ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚ-
ɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ») Д1Ж. 

Ɉɞɧɨɣ ɢɡ ɤɥɸɱɟɜɵɯ ɩɪɨɛɥɟɦ ɫɨɡɞɚɧɢɹ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɹɜ-
ɥɹɸɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɢ ɜɧɟɞɪɟɧɢɟ ɧɨɜɵɯ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ (ȽɌȾ), ɨɛɥɚɞɚɸɳɢɯ 
ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɬɹɝɢ, ɜɟɫɨɜɵɦ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ ɫɨɜɟɪɲɟɧɫɬɜɨɦ, ɭɦɟɧɶɲɟɧɧɨɣ 
ɧɨɦɟɧɤɥɚɬɭɪɨɣ ɞɟɬɚɥɟɣ ɩɪɢ ɨɛɟɫɩɟɱɟɧɢɢ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɪɟɫɭɪɫɚ, ɧɚɞɟɠɧɨɫɬɢ ɢ ɷɤɨɧɨ-
ɦɢɱɧɨɫɬɢ Д1–8Ж, ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɥɟɬɧɨ-ɬɚɤɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɚɦɨɥɟɬɨɜ ɢ 
ɫɧɢɠɟɧɢɟ ɢɯ ɪɚɞɢɨɥɨɤɚɰɢɨɧɧɨɣ ɡɚɦɟɬɧɨɫɬɢ Д9, 10Ж. 
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ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɩɪɨɢɫɯɨɞɹɬ ɫɭɳɟɫɬɜɟɧɧɵɟ ɩɟɪɟɦɟɧɵ ɜ ɫɬɪɚɬɟɝɢɢ ɫɨɡɞɚɧɢɹ ɢ 
ɩɪɢɦɟɧɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ Д11Ж. Ȼɥɚɝɨɞɚɪɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɦ ɦɚɬɟɪɢɚɥɚɦ (ɄɆ) ɫɬɚɥ ɜɨɡ-
ɦɨɠɟɧ ɧɨɜɵɣ ɤɚɱɟɫɬɜɟɧɧɵɣ ɫɤɚɱɨɤ ɜ ɭɜɟɥɢɱɟɧɢɢ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɟɣ, ɭɦɟɧɶɲɟɧɢɢ 
ɦɚɫɫɵ ɦɚɲɢɧ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɩɨɜɵɲɟɧɢɢ ɜɟɫɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɫɪɟɞɫɬɜ ɢ ɚɜɢɚɰɢɨɧɧɨ-ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ. 

Ɇɟɬɚɥɥɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ (ɆɄɆ) ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɥɟɞɭɸ-
ɳɢɟ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ: ɩɪɟɪɵɜɧɨ-ɚɪɦɢɪɨɜɚɧɧɵɟ, ɨɛɵɱɧɨ ɧɚɡɵɜɚɟɦɵɟ ɞɢɫɩɟɪɫɧɨɭɩɪɨɱ-
ɧɟɧɧɵɦɢ, ɢ ɧɟɩɪɟɪɵɜɧɨ-ɚɪɦɢɪɨɜɚɧɧɵɟ (ɜɨɥɨɤɧɢɫɬɨ-ɚɪɦɢɪɨɜɚɧɧɵɟ) (ɪɢɫ. 1). 

 

 
 

Ɋɢɫ. 1. ɋɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɬɢɩɨɜ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
(ɆɄɆ) 

 
Ⱥɪɦɢɪɨɜɚɧɧɵɟ ɜɨɥɨɤɧɚɦɢ ɦɟɬɚɥɥɵ – ɨɫɨɛɵɣ ɢ ɫɥɨɠɧɵɣ ɤɥɚɫɫ ɦɚɬɟɪɢɚɥɨɜ. Ɉɧɢ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɧɚɢɛɨɥɟɟ ɨɛɲɢɪɧɭɸ ɢ ɪɚɡɧɨɨɛɪɚɡɧɭɸ ɩɨ ɫɨɫɬɚɜɭ ɝɪɭɩɩɭ ɄɆ, ɞɥɹ 
ɤɨɬɨɪɨɣ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢ ɩɪɚɤɬɢɱɟɫɤɚɹ ɪɟɚɥɢɡɚɰɢɹ, ɧɟɫɦɨɬɪɹ ɧɚ ɨɱɟɧɶ 
ɡɧɚɱɢɬɟɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɬɪɭɞɧɨɫɬɢ, ɪɚɡɜɢɜɚɸɬɫɹ ɧɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɨ Д1βЖ. 
ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɜ ɄɆ ɷɬɨɝɨ ɬɢɩɚ ɭɞɚɟɬɫɹ ɪɟɚɥɢɡɨɜɚɬɶ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɟ ɩɪɨɱ-
ɧɨɫɬɧɵɟ ɢ ɬɟɪɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɬɚɤ ɤɚɤ ɢɦɟɧɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨɥɨɤɨɧ ɞɚɟɬ 
ɧɚɢɛɨɥɶɲɢɣ ɭɩɪɨɱɧɹɸɳɢɣ ɷɮɮɟɤɬ. 

Ɉɫɧɨɜɧɚɹ ɮɭɧɤɰɢɹ ɜɨɥɨɤɨɧ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɟɪɟɧɟɫɬɢ ɛɨ ɥɶɲɭɸ ɱɚɫɬɶ ɩɪɢ-
ɤɥɚɞɵɜɚɟɦɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɄɆ ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɨɛɟɫɩɟɱɢɬɶ ɩɪɨɱɧɨɫɬɶ. Ɇɚɤɫɢɦɚɥɶɧɚɹ 
ɩɪɨɱɧɨɫɬɶ ɢ ɠɟɫɬɤɨɫɬɶ, ɧɚɩɪɢɦɟɪ, ɞɨɫɬɢɝɚɸɬɫɹ ɬɨɝɞɚ, ɤɨɝɞɚ ɜɫɟ ɜɨɥɨɤɧɚ ɨɪɢɟɧɬɢɪɨɜɚ-
ɧɵ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɩɪɢɥɨɠɟɧɧɨɣ ɧɚɝɪɭɡɤɢ, ɢ ɧɚɨɛɨɪɨɬ – ɩɪɨɱɧɨɫɬɶ ɄɆ ɝɨɪɚɡɞɨ ɧɢɠɟ, 
ɟɫɥɢ ɜɨɥɨɤɧɚ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɪɢɥɨɠɟɧɧɨɣ ɧɚɝɪɭɡɤɟ ɢɥɢ ɟɫɥɢ ɨɧɢ 
ɪɚɫɩɪɟɞɟɥɟɧɵ ɜ ɦɚɬɟɪɢɚɥɟ ɯɚɨɬɢɱɧɨ. Ɉɞɧɚɤɨ ɩɪɨɱɧɨɫɬɶ ɢ ɚɧɢɡɨɬɪɨɩɢɸ ɦɨɠɧɨ ɤɨɧɬɪɨ-
ɥɢɪɨɜɚɬɶ ɜɵɛɨɪɨɦ ɜɨɥɨɤɨɧ ɢ ɢɯ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɭɩɚɤɨɜɤɨɣ. 

ɉɪɚɤɬɢɤɚ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɩɭɬɟɦ ɩɨɞɛɨɪɚ ɫɨɫɬɚɜɚ ɢ ɫɜɨɣɫɬɜ ɤɨɦɩɨɧɟɧɬɨɜ ɄɆ ɦɨɠ-
ɧɨ ɨɛɟɫɩɟɱɢɬɶ ɩɨɥɭɱɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢ ɥɸɛɵɯ ɢɡɞɟɥɢɣ ɫ ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɵɦ ɫɨɱɟɬɚɧɢɟɦ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ Д1γЖ. 

Ʉ ɦɚɬɟɪɢɚɥɭ ɦɚɬɪɢɰɵ ɄɆ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ: ɡɧɚɱɢɬɟɥɶɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɤɢɫɥɟɧɢɸ ɢ ɜɵɫɨɤɚɹ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ɇɟɠɞɭ 
ɦɚɬɟɪɢɚɥɨɦ ɜɨɥɨɤɨɧ ɢ ɦɚɬɪɢɰɟɣ ɧɟ ɞɨɥɠɧɨ ɩɪɨɢɫɯɨɞɢɬɶ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ Д14Ж. 

ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɜ ɄɆ ɨɬɤɪɵɜɚɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɟ ɜɨɡɦɨɠ-
ɧɨɫɬɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɢɡɞɟɥɢɣ. Ɍɢɬɚɧ ɢ ɟɝɨ ɫɩɥɚɜɵ 
ɢɦɟɸɬ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɨ ɫɪɚɜɧɟɧɢɸ c ɞɪɭɝɢɦɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦɢ ɦɟ-
ɬɚɥɥɚɦɢ, ɚ ɢɦɟɧɧɨ: ɜɵɫɨɤɭɸ ɭɞɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ (ɬ. ɟ. ɩɪɨɱɧɨɫɬɶ, ɨɬɧɟɫɟɧɧɭɸ ɤ ɩɥɨɬ-
ɧɨɫɬɢ) ɢ ɨɬɥɢɱɧɭɸ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɜ ɫɚɦɵɯ ɫɭɪɨɜɵɯ ɚɬɦɨɫɮɟɪɧɵɯ ɭɫɥɨɜɢɹɯ, ɚ 
ɬɚɤɠɟ ɜ ɪɹɞɟ ɫɢɥɶɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɝɟɧɬɨɜ. ȼ ɧɟɤɨɬɨɪɵɯ ɨɛɥɚɫɬɹɯ ɩɪɢɦɟɧɟɧɢɹ ɧɟɦɚ-
ɥɨɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɸɬ ɢ ɞɪɭɝɢɟ ɫɜɨɣɫɬɜɚ ɬɢɬɚɧɚ – ɧɚɩɪɢɦɟɪ, ɧɟɦɚɝɧɢɬɧɨɫɬɶ,  
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ɜɵɫɨɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ, ɦɚɥɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ  
ɪɚɫɲɢɪɟɧɢɹ (ɌɄɅɊ), ɛɢɨɥɨɝɢɱɟɫɤɚɹ ɢɧɟɪɬɧɨɫɬɶ ɢ ɬ. ɞ. Ɍɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ ɢɦɟɸɬ ɨɬɧɨ-
ɫɢɬɟɥɶɧɨ ɧɢɡɤɭɸ ɩɥɨɬɧɨɫɬɶ (4500 ɤɝ/ɦ3) ɢ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɩɪɨɱɧɨɫɬɶɸ. ɇɨ ɦɚɬɟɪɢɚ-
ɥɵ ɧɟ ɜɫɟɝɞɚ ɨɛɥɚɞɚɸɬ ɬɚɤɢɦ ɫɨɱɟɬɚɧɢɟɦ ɫɜɨɣɫɬɜ, ɤɨɬɨɪɨɟ ɬɪɟɛɭɟɬɫɹ ɞɥɹ ɞɟɬɚɥɟɣ. 

ȿɫɥɢ ɫɪɚɜɧɢɜɚɬɶ ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɄɆ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚ-
ɧɨɜɨɣ ɦɚɬɪɢɰɵ ɢ ɫɜɨɣɫɬɜɚ ɬɪɚɞɢɰɢɨɧɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɬɨ ɩɨ ɪɹɞɭ ɩɚɪɚɦɟɬɪɨɜ ɄɆ 
ɫɭɳɟɫɬɜɟɧɧɨ ɢɯ ɩɪɟɜɨɫɯɨɞɹɬ – ɢɦɟɸɬ ɩɨɜɵɲɟɧɧɭɸ ɠɟɫɬɤɨɫɬɶ, ɜɵɫɨɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɩɨɥɡɭɱɟɫɬɢ ɢ ɭɫɬɚɥɨɫɬɧɨɦɭ ɪɚɡɪɭɲɟɧɢɸ, ɚ ɬɚɤɠɟ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ. 

ɂɧɬɟɧɫɢɜɧɨɟ ɪɚɡɜɢɬɢɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɄɆ ɧɚɱɚɥɨɫɶ ɜ 1960-ɯ ɝɝ., ɤɨɝɞɚ ɛɥɚɝɨ-
ɞɚɪɹ ɭɫɩɟɯɚɦ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɨɹɜɢɥɢɫɶ ɜɵɫɨɤɨɩɪɨɱɧɵɟ ɢ ɜɵɫɨɤɨɦɨɞɭɥɶɧɵɟ 
(ɨɛɥɚɞɚɸɳɢɟ ɜɵɫɨɤɢɦ ɦɨɞɭɥɟɦ ɭɩɪɭɝɨɫɬɢ) ɜɨɥɨɤɧɚ: ɛɨɪɧɵɟ, ɭɝɥɟɪɨɞɧɵɟ, ɤɚɪɛɢɞɨ-
ɤɪɟɦɧɢɟɜɵɟ, ɨɤɫɢɞɧɵɟ, ɨɪɝɚɧɢɱɟɫɤɢɟ ɜɨɥɨɤɧɚ, ɧɢɬɟɜɢɞɧɵɟ ɦɨɧɨɤɪɢɫɬɚɥɥɵ ɢ ɞɪ. 

Ɂɚ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɞɨɫɬɢɝɧɭɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɩɪɨɝɪɟɫɫ ɜ ɨɛɥɚɫɬɢ ɪɚɡɪɚɛɨɬ-
ɤɢ ɜɨɥɨɤɨɧ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɧɚ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɉɪɢ ɷɬɨɦ ɢɫɩɨɥɶ-
ɡɭɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɤɟɪɚɦɢɱɟɫɤɢɟ ɢ ɨɤɫɢɞɧɵɟ ɜɨɥɨɤɧɚ. ɇɚɪɹɞɭ ɫ ɧɢɦɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟ-
ɧɟɧɢɟ ɧɚɯɨɞɹɬ ɬɚɤɠɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɜɨɥɨɤɧɚ (ɩɪɨɜɨɥɨɤɢ) ɢɡ ɫɩɥɚɜɨɜ ɢ ɛɥɚɝɨɪɨɞɧɵɯ  
ɦɟɬɚɥɥɨɜ. 

ȼ ɬɚɛɥ. 1 ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɨ ɫɜɨɣɫɬɜɚɯ ɧɚɢɛɨɥɟɟ ɭɩɨɬɪɟɛɥɹɟɦɵɯ ɜɨɥɨɤɨɧ Д1βЖ. 
 

Ɍɚɛɥɢɰɚ 1 
ɋɜɨɣɫɬɜɚ ɚɪɦɢɪɭɸɳɢɯ ɜɨɥɨɤɨɧ Д12Ж 

Ɍɢɩ ɜɨɥɨɤɧɚ Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 
ɢɥɢ ɪɚɡɦɹɝɱɟɧɢɹ, °ɋ 

ɉɥɨɬɧɨɫɬɶ, 
ɝ/ɫɦ3 

ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ 
ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, 

Ɇɉɚ 

Ɇɨɞɭɥɶ 
ɭɩɪɭɝɨɫɬɢ, 

Ƚɉɚ 

Ɍɢɩɢɱɧɚɹ 
ɬɨɥɳɢɧɚ, 
ɦɤɦ 

ɇɟɩɪɟɪɵɜɧɵɟ ɫɬɟɤɥɹɧɧɵɟ ɜɨɥɨɤɧɚ 
ȿ-ɫɬɟɤɥɨ 700 2,55 350 73,5 10 
S-ɫɬɟɤɥɨ 840 2,50 455 88,2 10 
4ɇ-1 900 2,66 511 101,2 – 
SiO2 1660 2,19 595 33,2 35 

ɉɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɜɨɥɨɤɧɚ 
Al2O3 2040 3,15 210 175 – 
ZrO2 2650 4,84 210 350 – 
ɍɝɥɟɪɨɞ/ɝɪɚɮɢɬ 3650 1,50 245 210 5 
BN 2980 1,90 140 91 7 

Ɇɟɬɚɥɥɢɱɟɫɤɢɟ ɜɨɥɨɤɧɚ 
W 3400 19,4 406 413 13 
Mo 2620 10,2 224 364 25 
Rɟnɟ 41 1350 8,26 203 168 25 
ɋɬɚɥɶ 1400 7,74 420 203 13 
Be 1280 1,83 129 245 127 

Ʉɟɪɚɦɢɱɟɫɤɢɟ «ɭɫɵ»* 
Al2O3 2040 3,96 2100 434 3–10 
BeO 2570 2,85 1330 350 10–30 
B4C 2450 2,54 1400 490 – 
SiC 2690 3,18 2100 490 1–3 
Ƚɪɚɮɢɬ 3650 1,66 1991 425 – 

Ɇɟɬɚɥɥɢɱɟɫɤɢɟ «ɭɫɵ» 
Cr 1890 7,20 903 245 – 
Cu 1083 8,92 299 126 – 
Fe 1540 7,83 1330 203 – 
Ni 1455 8,98 392 217 – 

* «ɍɫɵ» – ɢɝɥɨɨɛɪɚɡɧɵɟ ɧɢɬɟɜɢɞɧɵɟ ɜɵɫɨɤɨɩɪɨɱɧɵɟ ɦɨɧɨɤɪɢɫɬɚɥɥɵ. 

http://www.bourabai.kz/physics/2316.html
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ȼɵɫɨɤɚɹ ɩɪɨɱɧɨɫɬɶ ɜɨɥɨɤɨɧ ɨɛɴɹɫɧɹɟɬɫɹ ɢɯ ɦɚɥɵɦ ɞɢɚɦɟɬɪɨɦ, ɬɚɤ ɤɚɤ ɜɟɪɨɹɬ-
ɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɜɨɥɨɤɧɨ ɫɨɞɟɪɠɢɬ ɞɟɮɟɤɬɵ, ɫɩɨɫɨɛɧɵɟ ɜɵɡɜɚɬɶ ɯɪɭɩɤɨɟ ɪɚɡɪɭɲɟɧɢɟ, 
ɩɚɞɚɟɬ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɥɨɤɧɚ. ɇɢɬɟɜɢɞɧɵɟ ɦɨɧɨɤɪɢɫɬɚɥɥɵ (ɢɥɢ 
«ɭɫɵ»), ɢɦɟɸɳɢɟ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɟɪɲɟɧɧɭɸ, ɛɟɡɞɟɮɟɤɬɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɨɛɥɚɞɚɸɬ 
ɩɪɨɱɧɨɫɬɶɸ, ɛɥɢɡɤɨɣ ɤ ɬɟɨɪɟɬɢɱɟɫɤɨɣ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜ ɄɆ ɫɜɨɣɫɬɜ ɜɨɥɨɤɨɧ ɫɥɭɠɢɬ 
ɦɚɬɪɢɰɚ, ɤɨɬɨɪɚɹ ɨɛɴɟɞɢɧɹɟɬ ɜɫɟ ɤɨɦɩɨɧɟɧɬɵ ɄɆ, ɡɚɳɢɳɚɟɬ ɜɨɥɨɤɧɚ ɨɬ ɜɧɟɲɧɟɝɨ ɜɨɡ-
ɞɟɣɫɬɜɢɹ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɚɜɧɨɦɟɪɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ ɜɨ-
ɥɨɤɧɚɦɢ ɢ ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɞɟɬɚɥɢ ɬɪɟɛɭɟɦɨɣ ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɨɜ. 

Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɨɜɨɣ ɦɚɬɪɢɰɵ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɩɪɢ 
ɞɨɜɨɥɶɧɨ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (800–1000°ɋ). ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɭɩɪɨɱɧɢ-
ɬɟɥɹɦɢ ɞɥɹ ɬɢɬɚɧɨɜɨɣ ɦɚɬɪɢɰɵ ɹɜɥɹɸɬɫɹ ɜɨɥɨɤɧɚ ɦɨɥɢɛɞɟɧɚ, ɛɟɪɢɥɥɢɹ, ɛɨɪɚ, ɨɤɫɢɞɚ 
ɚɥɸɦɢɧɢɹ, ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ. 

 
Кɨɦɩɨɡɢɰɢɨɧɧыɟ ɦɚɬɟɪɢɚɥы ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɨɜɨɣ ɦɚɬɪɢɰы 

ȼ ɤɚɱɟɫɬɜɟ ɭɩɪɨɱɧɢɬɟɥɟɣ ɬɢɬɚɧɚ ɢ ɟɝɨ ɫɩɥɚɜɨɜ ɩɪɢɦɟɧɹɸɬ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɜɨɥɨɤ-
ɧɚ ɢɡ ɦɨɥɢɛɞɟɧɚ, ɜɨɥɶɮɪɚɦɚ, ɛɟɪɢɥɥɢɹ ɢ ɞɪ. ɇɚɩɪɢɦɟɪ, ɄɆ ɫɢɫɬɟɦɵ Ti–MШ ɩɨɥɭɱɚɸɬ 
ɦɟɬɨɞɨɦ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɡɚɝɨɬɨɜɨɤ ɬɢɩɚ «ɫɷɧɞɜɢɱ» ɜ ɜɚɤɭɭɦɢɪɨ-
ɜɚɧɧɵɯ ɤɨɧɬɟɣɧɟɪɚɯ. Ɍɚɤɨɟ ɚɪɦɢɪɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɦɚɬɪɢɰɟɣ ɢ ɫɨɯɪɚɧɢɬɶ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. Ɉɞɧɢɦ ɢɡ 
ɧɟɞɨɫɬɚɬɤɨɜ ɄɆ ɫɢɫɬɟɦɵ Ti–MШ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ ɩɥɨɬɧɨɫɬɶ, ɱɬɨ ɫɧɢɠɚɟɬ ɭɞɟɥɶɧɭɸ 
ɩɪɨɱɧɨɫɬɶ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ. ȼ ɄɆ ɫɢɫɬɟɦɵ TТ–BО ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
  ɋ ɨɬɫɭɬɫɬɜɭɟɬ. ȼɵɲɟ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɦɨɠɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɯɪɭɩɤɨɝɨ°700ޒ
ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ, ɩɪɢ ɷɬɨɦ ɩɪɨɱɧɨɫɬɶ ɜɨɥɨɤɨɧ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. ȼ ɬɚɛɥ. β 
ɩɪɢɜɟɞɟɧɵ ɫɜɨɣɫɬɜɚ ɄɆ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɨɜɨɣ ɦɚɬɪɢɰɵ, ɚɪɦɢɪɨɜɚɧɧɨɣ ɛɟɪɢɥɥɢɟɜɨɣ 
ɩɪɨɜɨɥɨɤɨɣ. 

 
Ɍɚɛɥɢɰɚ 2 

ɋɜɨɣɫɬɜɚ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɄɆ) ɫ ɦɚɬɪɢɰɟɣ ɫɢɫɬɟɦɵ Ti–6Al–4V,  
ɚɪɦɢɪɨɜɚɧɧɵɯ ɛɟɪɢɥɥɢɟɜɨɣ ɩɪɨɜɨɥɨɤɨɣ Д12Ж 

ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɄɆ ɉɪɨɜɨɥɨɤɚ ɢɡ ȼɟ Ʉɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ 
ɫɨɫɬɚɜ ɞɢɚɦɟɬɪ, 

ɦɦ 
σɜ,  
Ɇɉɚ 

ɫɨɞɟɪɠɚɧɢɟ  
ɜɨɥɨɤɧɚ, % 

σɜ,  
Ɇɉɚ 

ɦɨɞɭɥɶ  
ɭɩɪɭɝɨɫɬɢ, Ƚɉɚ  

Ƚɨɪɹɱɟɟ ɜɚɤɭɭɦɧɨɟ 
ɩɪɟɫɫɨɜɚɧɢɟ: 

      

ɩɪɨɜɨɥɨɤɚ+ɥɢɫɬ ɏɢɦɢɱɟɫɤɢ ɱɢɫɬɚɹ 1,5 650 50 700 195 
ɩɪɨɜɨɥɨɤɚ+ɮɨɥɶɝɚ Ɍɨ ɠɟ 1,5 650 50 810 212 
 Ɇɟɬɚɥɥ+0,β% BeO 0,5 980 43 940 184 

ɋɨɜɦɟɫɬɧɚɹ ɷɤɫɬɪɭɡɢɹ+ 
+ɩɪɨɤɚɬɤɚ 

Ɍɨ ɠɟ 0,95 600 38 810 172 

ɋɨɜɦɟɫɬɧɚɹ ɷɤɫɬɪɭɡɢɹ -«- 0,95 600 0 770 183 

 
Ʉɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ ɫɢɫɬɟɦɵ TТ–B 

ɉɨɫɤɨɥɶɤɭ ɜɨɥɨɤɧɚ ɛɨɪɚ ɯɪɭɩɤɢɟ, ɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɨɦɩɚɤɬɧɵɯ ɤɨɦɩɨɡɢɰɢɣ 
ɱɚɳɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɭɸɬ ɞɢɮɮɭɡɢɨɧɧɭɸ ɫɜɚɪɤɭ ɜ ɜɚɤɭɭɦɟ (ɪɢɫ. β). Ⱦɥɢɬɟɥɶɧɚɹ ɜɵɞɟɪɠɤɚ 
ɄɆ ɫɢɫɬɟɦɵ TТ–B ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 800ޓ°ɋ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 
ɯɪɭɩɤɢɯ ɛɨɪɢɞɨɜ ɬɢɬɚɧɚ, ɪɚɡɭɩɪɨɱɧɹɸɳɢɯ ɤɨɦɩɨɡɢɬ. 
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Ɋɢɫ. 2. ɋɯɟɦɚ ɩɨɥɭɱɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɆɄɆ) ɫ ɩɨɦɨɳɶɸ 

ɞɢɮɮɭɡɢɨɧɧɨɣ ɫɜɚɪɤɢ 
 
ɉɟɪɜɵɟ ɪɚɛɨɬɵ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɭɱɟɧɵɯ ɩɨ ɩɨɥɭɱɟɧɢɸ ɄɆ ɫɢɫɬɟɦɵ TТ–B ɛɵɥɢ 

ɩɪɨɜɟɞɟɧɵ ɟɳɟ ɜ 70-ɯ ɝɨɞɚɯ ɩɪɨɲɥɨɝɨ ɜɟɤɚ. Ɍɟɯɧɨɥɨɝɢɹ ɞɢɮɮɭɡɢɨɧɧɨɣ ɫɜɚɪɤɢ ɩɨɞ ɞɚɜ-
ɥɟɧɢɟɦ ɜ ɜɚɤɭɭɦɧɨɦ ɩɚɤɟɬɟ ɩɪɢɧɹɬɚ ɜ ɤɚɱɟɫɬɜɟ ɦɟɬɨɞɚ ɩɨɥɭɱɟɧɢɹ ɄɆ (ɧɚ ɨɫɧɨɜɟ ɬɢɬɚ-
ɧɚ), ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɱɟɪɟɞɭɸɳɢɯɫɹ ɫɥɨɟɜ ɛɨɪɚ ɢ ɬɢɬɚɧɚ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚ-
ɥɨɜ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɛɪɚɡɰɨɜ ɄɆ ɫɢɫɬɟɦɵ TТ–B ɫɥɭɠɢɥɢ ɛɨɪɧɨɟ ɜɨɥɨɤɧɨ ɞɢɚɦɟɬɪɨɦ 
85–100 ɦɤɦ, ɧɚɦɨɬɚɧɧɨɟ ɧɚ ɲɩɭɥɢ, ɢ ɮɨɥɶɝɚ ɢɡ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɦɚɪɨɤ ȼɌ15 ɢ ȼɌβγ 
ɬɨɥɳɢɧɨɣ 50 ɦɤɦ ɜ ɜɢɞɟ ɩɥɚɫɬɢɧ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ ɩɨɥɭɱɢɬɶ ɤɚɱɟ-
ɫɬɜɟɧɧɵɣ ɨɛɪɚɡɟɰ ɄɆ ɧɟ ɭɞɚɥɨɫɶ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɛɨɪɧɵɟ ɜɨɥɨɤɧɚ ɛɟɡ ɩɨɤɪɵɬɢɣ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɢɦɟɧɹɸɬ ɞɥɹ 
ɭɩɪɨɱɧɟɧɢɹ ɄɆ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɨɜɨɣ ɦɚɬɪɢɰɵ. Ⱦɥɹ ɷɬɢɯ ɰɟɥɟɣ ɩɪɢɦɟɧɹɸɬ ɜɨɥɨɤɧɨ 
«ɛɨɪɫɢɤ». ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɡ-ɡɚ ɜɟɫɶɦɚ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɩɪɨɱɧɨɫɬɢ ɫɨɜɪɟɦɟɧɧɵɯ 
ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɦɚɥɨɣ ɩɥɨɬɧɨɫɬɢ ɷɮɮɟɤɬ ɨɬ ɭɩɪɨɱɧɟɧɢɹ ɢɯ ɛɨɪɧɵɦɢ 
ɜɨɥɨɤɧɚɦɢ ɧɟ ɨɱɟɧɶ ɜɟɥɢɤ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɄɆ ɫɢɫɬɟɦɵ TТ–B, ɩɨɥɭɱɟɧɧɵɣ ɦɟɬɨɞɨɦ 
ɞɢɮɮɭɡɢɨɧɧɨɣ ɫɜɚɪɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 800–880°ɋ, ɢɦɟɟɬ σɜ=900 Ɇɉɚ ɩɪɢ ɨɛɴɟɦɧɨɣ 
ɞɨɥɟ ɜɨɥɨɤɨɧ 0,γ6. 

 
Ʉɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ ɫɢɫɬɟɦɵ Ti–Al2O3 

ɋɨɟɞɢɧɟɧɢɟ AХ2O3 ɢɦɟɟɬ ɛɥɢɡɤɢɟ ɫ ɬɢɬɚɧɨɦ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɥɢ-
ɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɌɄɅɊ), ɱɬɨ ɪɟɲɚɟɬ ɩɪɨɛɥɟɦɭ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɨɛɪɚ-
ɛɨɬɤɟ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɢ ɄɆ, ɚɪɦɢɪɨɜɚɧɧɵɯ ɦɨɧɨɜɨɥɨɤɧɚɦɢ, ɩɪɨɜɟ-
ɞɟɧɵ ɪɚɛɨɬɵ ɩɨ ɩɨɥɭɱɟɧɢɸ ɄɆ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɨɜɨɣ ɦɚɬɪɢɰɵ ɫ ɛɨɥɟɟ ɧɢɡɤɨɣ ɰɟɧɨɣ, 
ɧɚɩɨɥɧɟɧɧɵɟ ɠɝɭɬɨɨɛɪɚɡɧɵɦɢ ɜɨɥɨɤɧɚɦɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ (ɪɢɫ. γ). ɂɫɩɨɥɶɡɨɜɚɥɢ ɜɨ-
ɥɨɤɧɚ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɫɨ ɫɪɟɞɧɢɦ ɞɢɚɦɟɬɪɨɦ 1β ɦɤɦ ɜ ɮɨɪɦɟ ɠɝɭɬɨɜ. Ⱦɥɹ ɪɟɲɟɧɢɹ 
ɩɪɨɛɥɟɦɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ ɢ ɬɢɬɚɧɨɜɨɣ ɦɚɬɪɢɰɟɣ, ɜɨɥɨɤɧɚ ɩɨɤɪɵɜɚ-
ɥɢ ɪɚɡɥɢɱɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɥɭɱɲɟ ɜɫɟɯ ɩɪɨɹɜɢɥ ɫɟɛɹ Y2O3. 

 

 
Ɋɢɫ. γ. ɇɟɭɩɨɪɹɞɨɱɟɧɧɵɟ ɜɨɥɨɤɧɚ ɜ ɫɢɫɬɟɦɟ Ti–Al2O3 
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Ʉɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ ɫɢɫɬɟɦɵ Ti–SiC 
ɉɟɪɜɨɟ ɭɩɨɦɢɧɚɧɢɟ ɨ ɩɨɩɵɬɤɟ ɢɡɝɨɬɨɜɥɟɧɢɹ ɄɆ ɫɢɫɬɟɦɵ TТ–SТC ɨɬɧɨɫɢɬɫɹ ɬɚɤ-

ɠɟ ɤ ɫɟɪɟɞɢɧɟ 70-ɯ ɝɨɞɨɜ ɩɪɨɲɥɨɝɨ ɜɟɤɚ. ɇɚ ɬɨɬ ɦɨɦɟɧɬ ɫɬɚɥɢ ɞɨɫɬɭɩɧɵ ɩɟɪɜɵɟ SТC-
ɜɨɥɨɤɧɚ, ɩɪɨɢɡɜɟɞɟɧɧɵɟ ɮɢɪɦɚɦɢ AЯМШ (ɋɒȺ) ɢ BrТЭТsС PОЭrШХ (BP, ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ). 
Ɉɞɧɚɤɨ ɜɵɹɫɧɢɥɨɫɶ, ɱɬɨ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɨɦɩɨɡɢɬɚ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ 
ɨɤɚɡɵɜɚɟɬ ɪɟɚɤɰɢɹ ɦɟɠɞɭ ɜɨɥɨɤɧɨɦ ɢ ɦɚɬɪɢɰɟɣ. ɉɪɢ ɷɬɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɬɢɬɚɧɚ ɫ ɜɨ-
ɥɨɤɧɚɦɢ SiC ɦɟɧɶɲɟ, ɱɟɦ ɫ ɜɨɥɨɤɧɚɦɢ ɛɨɪɚ. ɋ ɧɚɱɚɥɚ 80-ɯ ɝɨɞɨɜ ɩɪɨɲɥɨɝɨ ɜɟɤɚ ɞɥɹ 
ɡɚɳɢɬɵ ɨɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɤɨɧɬɚɤɬɚ ɫ ɬɢɬɚɧɨɜɨɣ ɦɚɬɪɢɰɟɣ SТC-ɜɨɥɨɤɧɚ ɩɨɤɪɵɜɚɥɢ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɡɚɳɢɬɧɵɦ ɫɥɨɟɦ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɭɝɥɟɪɨɞɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɥɹ 
ɤɨɦɩɨɡɢɬɨɜ ɜɩɟɪɜɵɟ ɩɨɥɭɱɢɥɢ ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɡɧɚɱɟɧɢɹɦ ɩɨ ɩɪɚɜɢɥɭ ɫɦɟɲɟɧɢɹ. 

Ɇɚɬɟɪɢɚɥɵ ɫɢɫɬɟɦɵ TТ–SТC ɢɦɟɸɬ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɩɪɟɞɟɥɚ ɩɨɥɡɭɱɟɫɬɢ ɩɪɢ 
ɨɩɪɟɞɟɥɟɧɢɢ ɜɧɟɨɫɟɜɨɣ ɩɪɨɱɧɨɫɬɢ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɞɚɧɧɵɯ ɄɆ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɟɯɧɨɥɨɝɢɢ ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɢ ɝɨɪɹɱɟɟ ɢɡɨɫɬɚɬɢɱɟɫɤɨɟ ɩɪɟɫɫɨ-
ɜɚɧɢɟ (Ƚɂɉ). Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɜɨɥɨɤɧɨɦ ɢ ɦɚɬɪɢɰɟɣ ɢɫɩɨɥɶɡɭɸɬ ɡɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ ɜɨɥɨɤɨɧ ɢ ɦɟɬɨɞ 
ɮɚɡɨɜɨɣ ɫɟɝɪɟɝɚɰɢɢ. ɇɚ ɪɢɫ. 4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɚɪɦɢɪɭɸɳɟɝɨ ɜɨɥɨɤɧɚ SТC 
ɜ ɬɢɬɚɧɨɜɨɣ ɦɚɬɪɢɰɟ Д14Ж. 

 

 
 

Ɋɢɫ. 4. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɜɨɥɨɤɨɧ SiC ɜ ɬɢɬɚɧɨɜɨɣ ɦɚɬɪɢɰɟ 
 
ɉɨɫɥɟ 40 ɥɟɬ ɪɚɡɪɚɛɨɬɨɤ ɜ ɨɛɥɚɫɬɢ ɚɪɦɢɪɨɜɚɧɢɹ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɞɥɹ ɫɨɤɪɚ-

ɳɟɧɢɹ ɡɨɧɵ ɪɟɚɤɰɢɢ ɦɟɠɞɭ ɤɚɪɛɢɞɨɦ ɤɪɟɦɧɢɹ ɢ ɦɚɬɪɢɰɟɣ SТC-ɜɨɥɨɤɧɚ ɛɵɥɢ ɚɞɚɩɬɢɪɨ-
ɜɚɧɵ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɣ ɢɡ ɩɢɪɨɭɝɥɟɪɨɞɚ. ȼɨ ɜɪɟɦɹ ɜɨɡɞɟɣɫɬɜɢɹ ɩɨɜɵɲɟɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɭɦɟɧɶɲɚɟɬɫɹ ɬɨɥɳɢɧɚ ɩɨɤɪɵɬɢɹ ɜɨɥɨɤɧɚ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɪɟɚɤɰɢɨɧɧɵɣ 
ɫɥɨɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɚɪɭɛɟɠɧɵɦɢ ɮɢɪɦɚɦɢ ɚɤɬɢɜɧɨ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɢ ɜɧɟɞɪɹ-
ɸɬɫɹ ɜ ɚɜɢɚɰɢɨɧɧɵɟ ɢɡɞɟɥɢɹ ɄɆ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɨɜɨɣ ɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɣ ɦɚɬɪɢɰ, ɚɪ-
ɦɢɪɨɜɚɧɧɵɯ ɧɟɩɪɟɪɵɜɧɵɦɢ ɜɨɥɨɤɧɚɦɢ SiC [15]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɄɆ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɨɜɨɣ ɦɚɬɪɢɰɵ ɫ ɨɩɬɢɦɚɥɶɧɵ-
ɦɢ ɫɜɨɣɫɬɜɚɦɢ ɞɨɩɭɫɬɢɦɚ ɨɩɪɟɞɟɥɟɧɧɚɹ ɫɬɟɩɟɧɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɨɦɩɨɧɟɧɬɨɜ, ɢɧɬɟɧ-
ɫɢɜɧɨɫɬɶ ɤɨɬɨɪɨɣ ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɨɞɛɨɪɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɫɨɫɬɚɜɚ ɦɚɬɪɢɰɵ, ɡɚɳɢɬ-
ɧɵɦɢ ɩɨɤɪɵɬɢɹɦɢ ɥɢɛɨ ɩɪɢɦɟɧɟɧɢɟɦ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ ɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɦɟɬɨ-
ɞɨɜ ɢɡɝɨɬɨɜɥɟɧɢɹ. 

ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɄɆ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɨɜɨɣ ɦɚɬɪɢɰɵ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɬɟɯ-
ɧɨɥɨɝɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɨɪɨɲɤɨɜɵɟ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɪɨɲɤɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɧɟɨɛ-
ɯɨɞɢɦɨ ɩɪɢɦɟɧɹɬɶ ɤɨɦɩɚɤɬɢɪɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɜɤɥɸɱɚɟɬ ɯɨɥɨɞɧɨɟ ɩɪɟɫɫɨɜɚɧɢɟ ɢ ɫɩɟɤɚ-
ɧɢɟ, Ƚɂɉ ɢɥɢ ɩɪɹɦɭɸ ɷɤɫɬɪɭɡɢɸ ɩɨɪɨɲɤɚ. ɏɨɥɨɞɧɨɟ ɩɪɟɫɫɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɨɩ-
ɬɢɦɚɥɶɧɵɦ ɩɨ ɡɚɬɪɚɬɚɦ ɦɟɬɨɞɨɦ, ɚ Ƚɂɉ ɨɬɥɢɱɚɟɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɶɸ, ɨɞɧɚɤɨ 
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ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɭɸ ɩɨɪɢɫɬɨɫɬɶ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɩɨ-
ɜɵɲɚɟɬɫɹ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɚɪɬɢɢ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɪɚɡɪɚɛɨɬɚɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɢɟɦɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɞɨɫɬɚ-
ɬɨɱɧɨ ɲɢɪɨɤɭɸ ɧɨɦɟɧɤɥɚɬɭɪɭ ɢɡɞɟɥɢɣ. Ⱦɚɧɧɵɯ ɨ ɬɚɤɢɯ ɩɪɨɰɟɫɫɚɯ ɜ ɧɚɭɱɧɨ-
ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɨ, ɬɚɤ ɤɚɤ ɞɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɵ ɞɥɢɬɟɥɶɧɵɟ 
ɞɨɪɨɝɨɫɬɨɹɳɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɭɫɤɨɪɟɧɧɨɟ ɪɚɡɜɢɬɢɟ ɧɚɭɤɨɟɦɤɢɯ 
ɨɛɨɪɨɧɧɵɯ ɨɬɪɚɫɥɟɣ, ɬɚɤɢɯ ɤɚɤ ɚɷɪɨɤɨɫɦɢɱɟɫɤɚɹ, ɩɪɨɢɡɜɨɞɫɬɜɨ ɜɨɨɪɭɠɟɧɢɣ, ɫɪɟɞɫɬɜ 
ɨɛɨɪɨɧɵ ɢ ɡɚɳɢɬɵ Д1βЖ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɫɨɡɞɚɧɢɢ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ȽɌȾ ɧɚ ɪɚɛɨɱɢɟ ɬɟɦɩɟɪɚɬɭ-
ɪɵ ɞɨ 500–700°ɋ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɄɆ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɩɪɢɨɛɪɟ-
ɬɚɟɬ ɨɫɨɛɭɸ ɡɧɚɱɢɦɨɫɬɶ. ȼ ɬɟɱɟɧɢɟ ɩɨɫɥɟɞɧɢɯ ɥɟɬ ɧɚɛɥɸɞɚɟɬɫɹ ɪɚɫɬɭɳɢɣ ɢɧɬɟɪɟɫ ɤ ɄɆ 
ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ ɬɢɬɚɧɚ, ɬɚɤɢɯ ɤɚɤ TТAХ ɢɥɢ TТ3AХ, ɛɥɚɝɨɞɚɪɹ ɫɨɱɟɬɚɧɢɸ ɧɢɡ-
ɤɨɣ ɩɥɨɬɧɨɫɬɢ ɢ ɜɵɫɨɤɢɯ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
 .ɯɨɪɨɲɟɣ ɫɬɨɣɤɨɫɬɢ ɤ ɨɤɢɫɥɟɧɢɸ ɢ ɩɨɥɡɭɱɟɫɬɢ Д15, 16Ж ,(ɋ°600ޓ)

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɄɆ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɨɜɨɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɣ, ɦɚɬɪɢ-
ɰɵ ɜ ɥɨɩɚɬɤɚɯ ɤɨɦɩɪɟɫɫɨɪɚ ɧɢɡɤɨɝɨ ɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɦɚɫɫɭ ɥɨ-
ɩɚɬɨɤ ɧɚ γ0% ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɟɭɩɪɨɱɧɟɧɧɵɦɢ ɬɢɬɚɧɨɜɵɦɢ ɫɩɥɚɜɚɦɢ ɢ ɧɢɤɟɥɟɜɵɦɢ 
ɫɭɩɟɪɫɩɥɚɜɚɦɢ (ɬɚɛɥ. γ) Д15, 17–19]. 

 
Ɍɚɛɥɢɰɚ 3 

ɋɪɚɜɧɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ  
ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɨɜɨɣ ɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɣ ɦɚɬɪɢɰɵ ɢ ɧɢɤɟɥɟɜɨɝɨ ɫɭɩɟɪɫɩɥɚɜɚ Д15, 18Ж 

ɋɜɨɣɫɬɜɚ Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɞɥɹ  
ɜɨɥɨɤɨɧ ɧɚ ɨɫɧɨɜɟ Ni-cɭɩɟɪɫɩɥɚɜɚ 

Ti–SiC TiAl–SiC 
ɉɥɨɬɧɨɫɬɶ, ɝ/ɫɦ³ 4,04 4,18 8,3 
Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ, Ƚɉɚ,  
ɜ ɧɚɩɪɚɜɥɟɧɢɢ: 

   

ɩɪɨɞɨɥɶɧɨɦ 200 242 207 
ɩɨɩɟɪɟɱɧɨɦ 145 200 207 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɪɚɛɨɱɚɹ  
ɬɟɦɩɟɪɚɬɭɪɚ, °ɋ 

538 760 1090 

 
Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɨɜɨɣ ɦɚɬɪɢɰɵ ɹɜɥɹɸɬɫɹ ɩɟɪɫɩɟɤ-

ɬɢɜɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɞɥɹ ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ ɢ ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ ɜ ɧɨɜɵɯ 
ɤɨɧɫɬɪɭɤɰɢɹɯ ɪɟɚɤɬɢɜɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɝɞɟ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɦɚɬɟɪɢɚɥɚɯ, ɜɵ-
ɞɟɪɠɢɜɚɸɳɢɯ ɬɟɦɩɟɪɚɬɭɪɭ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɨ 800°ɋ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɜɢɬɢɟ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɨ-
ɜɵɯ ȽɌȾ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ. Ɉɞɧɚɤɨ ɫɞɟɪɠɢɜɚɸɳɢɦ ɮɚɤɬɨɪɨɦ ɧɚ ɩɭɬɢ 
ɤ ɲɢɪɨɤɨɦɭ ɩɪɢɦɟɧɟɧɢɸ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɰɢɤɥ 
ɩɪɨɢɡɜɨɞɫɬɜɚ Дβ0Ж, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɵɫɨɤɚɹ ɰɟɧɚ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɜ ɫɜɹɡɢ ɫ ɩɨɜɵɲɟɧɧɨɣ ɡɚɢɧɬɟɪɟɫɨɜɚɧɧɨɫɬɶɸ ɜ ɧɨɜɵɯ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɚɯ 
ɞɥɹ ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ, ɫɩɨɫɨɛɧɵɯ ɪɚɛɨɬɚɬɶ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɜ 
ɚɝɪɟɫɫɢɜɧɵɯ ɫɪɟɞɚɯ, ɚ ɬɚɤɠɟ ɛɥɚɝɨɞɚɪɹ ɫɨɜɪɟɦɟɧɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɦɟ-
ɸɬɫɹ ɜɫɟ ɨɫɧɨɜɚɧɢɹ ɞɥɹ ɲɢɪɨɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ ɄɆ. 
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ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɫɩɟɤɬɪɚɥɶɧɵɦɢ ɦɟɬɨɞɚɦɢ ɞɥɹ 
ɪɚɫɱɟɬɚ ɫɨɞɟɪɠɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɜ ɨɛɪɚɡɰɟ ɢɫɩɨɥɶɡɭɸɬ ɝɪɚɞɭɢɪɨɜɨɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ 
ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɷɥɟɦɟɧɬɚ. Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚ-
ɞɭɢɪɨɜɨɱɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɪɢɦɟɧɹɸɬ ɫɬɚɧɞɚɪɬɧɵɟ ɨɛɪɚɡɰɵ (ɋɈ) ɫɨɫɬɚɜɚ ɦɚɬɟɪɢɚɥɚ. 
ɋɬɚɧɞɚɪɬɧɵɟ ɨɛɪɚɡɰɵ ɬɚɤɠɟ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɚɬɬɟɫɬɚɰɢɢ ɦɟɬɨɞɢɤ ɢɡɦɟɪɟɧɢɣ, ɩɨ-
ɜɟɪɤɢ ɫɪɟɞɫɬɜ ɢɡɦɟɪɟɧɢɣ, ɤɨɧɬɪɨɥɹ ɩɪɚɜɢɥɶɧɨɫɬɢ ɢ ɩɪɟɰɢɡɢɨɧɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟ-
ɪɟɧɢɣ ɢ ɩɪ. ȼɨ ɎȽɍɉ «ȼɂȺɆ» ɪɚɡɪɚɛɚɬɵɜɚɸɬ ɢ ɜɵɩɭɫɤɚɸɬ ɋɈ ɫɨɫɬɚɜɚ ɫɩɥɚɜɨɜ ɧɚ ɪɚɡ-
ɥɢɱɧɵɯ ɨɫɧɨɜɚɯ, ɜɤɥɸɱɚɹ ɋɈ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ. ɒɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɚɥɸɦɢɧɢɟɜɵɯ 
ɫɩɥɚɜɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɫɩɪɨɫ ɧɚ ɋɈ ɚɥɸɦɢɧɢɟ-
ɜɵɯ ɫɩɥɚɜɨɜ, ɜɨɫɬɪɟɛɨɜɚɧɧɨɫɬɶ ɢɯ ɧɚ ɪɵɧɤɟ ɢ ɚɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɢ ɩɪɨ-
ɢɡɜɨɞɫɬɜɭ ɋɈ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚ-
ɧɢɣ ɦɚɬɟɪɢɚɥɚ ɋɈ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ Ⱦ16, ɜɵɩɥɚɜɥɟɧɧɨɝɨ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɜɭɯ ɪɚɡɥɢɱ-
ɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɥɢɬɶɹ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɛɪɚɧɚ ɬɟɯɧɨɥɨɝɢɹ, ɨɛɟɫɩɟɱɢɜɚ-
ɸɳɚɹ ɧɚɢɥɭɱɲɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɚ ɋɈ. ɉɪɨɜɟɞɟɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɚɬɬɟ-
ɫɬɚɰɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɦɚɬɟɪɢɚɥɚ ɋɈ ɫɩɥɚɜɚ Ⱦ16 ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ. 

Кɥюɱɟɜыɟ ɫɥɨɜɚ: ɫɬɚɧɞɚɪɬɧɵɟ ɨɛɪɚɡɰɵ, ɚɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ, ɫɩɟɤɬɪɚɥɶɧɵɟ ɦɟɬɨɞɵ. 
 
Methods of spectral analysis are widely used on the production of aluminum alloys to deter-

mine the chemical composition of the melted material. For calibration of spectrometres are 
used certified reference materials (CRMs) of alloy composition. Uncertainty of certified values 
of CRM significantly affect on the accuracy of quantitative analysis. The uncertainty of the in-
homogeneity of CRM Тs ШnО ШП tСО tШtКХ ЮnМОrtКТntв ШП CRM МОrtТПТОН ЯКХЮО Тs. FSUE «VIAM» 
develops and produces certified reference materials. In this work we present the results of a 
study of the material composition of the alloy blanks CRM D16 melted on two different technol-
ogies. According to the research selected the technology that provides the best performance of 
the material CRM. Carry out the chemical analysis of CRM. 

Keywords: certified reference materials, aluminum alloys, spectroscopy. 
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ȼɜɟɞɟɧɢɟ 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ β.1. 

«Ɏɭɧɞɚɦɟɧɬɚɥɶɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡ-
ɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ») [1]. 

Ɋɨɫɬ ɬɪɟɛɨɜɚɧɢɣ ɤ ɢɡɞɟɥɢɹɦ ɚɜɢɚɰɢɨɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɬɪɟɛɭɟɬ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ 
ɥɟɝɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɜɵɫɨɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. ȼɨ ɎȽɍɉ «ȼɂȺɆ» ɪɚɡɪɚɛɨɬɚɧɵ ɜɵ-
ɫɨɤɨɩɪɨɱɧɵɟ ɚɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ ɬɪɟɬɶɟɝɨ ɩɨɤɨɥɟɧɢɹ. ɉɪɨɜɨɞɹɬɫɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ 
ɫɜɚɪɤɢ Д1–4Ж. ȼɦɟɫɬɟ ɫ ɬɟɦ ɜɨ ɦɧɨɝɢɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɜɫɟ 
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ɟɳɟ ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ ɬɪɚɞɢɰɢɨɧɧɵɟ ɢ ɯɨɪɨɲɨ ɢɡɭɱɟɧɧɵɟ ɚɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ, ɜ 
ɱɚɫɬɧɨɫɬɢ ɫɩɥɚɜɵ ɬɢɩɚ ɞɸɪɚɥɸɦɢɧ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɞɚɧɧɵɯ ɫɜɨɣɫɬɜ ɫɩɥɚɜɚ ɧɟɨɛɯɨ-
ɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɨɩɪɟɞɟɥɟɧɢɟ ɟɝɨ ɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ Д4–7]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɦɚɲɢɧɨ-
ɫɬɪɨɟɧɢɹ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚ-
ɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɫɩɟɤɬɪɚɥɶɧɵɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚ-
ɥɢɡɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɩɥɚɜɚ ɫɩɟɤɬɪɚɥɶɧɵɦɢ ɦɟɬɨɞɚɦɢ ɞɥɹ ɪɚɫɱɟɬɚ ɫɨɞɟɪɠɚɧɢɹ 
ɷɥɟɦɟɧɬɨɜ ɜ ɨɛɪɚɡɰɟ ɢɫɩɨɥɶɡɭɸɬ ɝɪɚɞɭɢɪɨɜɨɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ 
ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɷɥɟɦɟɧɬɚ. Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ ɡɚɜɢɫɢɦɨ-
ɫɬɟɣ ɩɪɢɦɟɧɹɸɬ ɫɬɚɧɞɚɪɬɧɵɟ ɨɛɪɚɡɰɵ (ɋɈ) ɫɨɫɬɚɜɚ ɦɚɬɟɪɢɚɥɚ. ȼɨ ɎȽɍɉ «ȼɂȺɆ» 
ɪɚɡɪɚɛɚɬɵɜɚɸɬ ɢ ɜɵɩɭɫɤɚɸɬ ɨɬɪɚɫɥɟɜɵɟ (ɈɋɈ) ɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ (ȽɋɈ) ɫɬɚɧɞɚɪɬɧɵɟ 
ɨɛɪɚɡɰɵ ɫɨɫɬɚɜɚ ɫɩɥɚɜɨɜ ɧɚ ɪɚɡɥɢɱɧɵɯ ɨɫɧɨɜɚɯ Д8–1βЖ. ɇɚ ɷɬɚɩɟ ɚɬɬɟɫɬɚɰɢɢ ɋɈ ɭɫɬɚ-
ɧɚɜɥɢɜɚɸɬ ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɋɈ: ɚɬɬɟɫɬɨɜɚɧɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ (ɡɧɚ-
ɱɟɧɢɟ ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɷɥɟɦɟɧɬɚ) ɢ ɩɨɝɪɟɲɧɨɫɬɶ ɚɬɬɟɫɬɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɋɈ. Ɂɧɚɱɟɧɢɟ 
ɩɨɝɪɟɲɧɨɫɬɢ ɡɚɜɢɫɢɬ ɨɬ ɩɨɝɪɟɲɧɨɫɬɢ ɦɟɬɨɞɚ, ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɚɬɬɟ-
ɫɬɨɜɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɋɈ, ɨɬ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɡɧɚɱɟɧɢɣ ɚɬɬɟɫɬɭɟɦɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɋɈ 
ɢ ɨɬ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɋɈ Д1γ, 14Ж. 

ɋɩɪɨɫ ɧɚ ɋɈ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɢ ɜɨɫɬɪɟɛɨɜɚɧɧɨɫɬɶ ɢɯ ɧɚ ɪɵɧɤɟ ɨɛɭɫɥɨɜɥɟ-
ɧɵ ɲɢɪɨɤɢɦ ɩɪɢɦɟɧɟɧɢɟɦ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨ-
ɫɬɢ ɢ ɬɟɯɧɢɤɢ. ɋɥɟɞɫɬɜɢɟɦ ɷɬɨɝɨ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɢ ɩɪɨɢɡ-
ɜɨɞɫɬɜɭ ɋɈ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ Д15Ж. 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɩɪɨɜɟɞɟɧɚ ɫɟɪɢɹ ɩɥɚɜɨɤ ɦɚɬɟɪɢɚɥɚ ɋɈ ɫɨɫɬɚ-
ɜɚ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ Ⱦ16 ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɥɢɬɶɹ. ɉɪɨɜɟɞɟ-
ɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɞɧɨɪɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɋɈ ɫɩɥɚɜɚ Ⱦ16. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚ-
ɧɢɣ ɜɵɛɪɚɧɚ ɬɟɯɧɨɥɨɝɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɧɚɢɥɭɱɲɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɞɧɨɪɨɞɧɨɫɬɢ 
ɦɚɬɟɪɢɚɥɚ ɋɈ. ɉɪɨɜɟɞɟɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɚɬɬɟɫɬɚɰɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɦɚɬɟɪɢɚɥɚ 
ɡɚɝɨɬɨɜɨɤ ɋɈ ɫɩɥɚɜɚ Ⱦ16 ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ Д16Ж. 
 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 
Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɹɜɥɹɟɬɫɹ ɦɚɬɟɪɢɚɥ ɋɈ ɚɥɸɦɢɧɢɟɜɨɝɨ 

ɫɩɥɚɜɚ Ⱦ16: ɫɥɢɬɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɥɢɬɶɟɦ ɜ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɢɡɥɨɠɧɢɰɭ 70 ɦɦ ɢ ɫɥɢɬɤɢ, 
ɩɨɥɭɱɟɧɧɵɟ ɩɨɥɭɧɟɩɪɟɪɵɜɧɵɦ ɥɢɬɶɟɦ ɜ ɜɨɞɨɨɯɥɚɠɞɚɟɦɵɣ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ 105 ɦɦ. ȼ 
ɪɚɛɨɬɟ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɥɢ ɋɈ ɫɩɥɚɜɚ Ⱦ16, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɫɥɢɬɤɨɜ, ɨɬɥɢɬɵɯ ɩɨɥɭɧɟɩɪɟ-
ɪɵɜɧɵɦ ɥɢɬɶɟɦ ɜ ɜɨɞɨɨɯɥɚɠɞɚɟɦɵɣ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ 105 ɦɦ. 

ɉɥɚɜɤɭ ɦɚɬɟɪɢɚɥɚ ɋɈ ɜɟɥɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɟɱɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟɦ ɲɚɦɨɬɧɨ-ɝɪɚɮɢɬɨɜɨɝɨ ɬɢɝɥɹ. Ⱦɥɹ ɫɧɹɬɢɹ ɥɢɬɟɣɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɢ ɭɫɬɪɚɧɟɧɢɹ ɩɨ-
ɫɥɟɞɫɬɜɢɣ ɥɢɤɜɚɰɢɢ ɩɪɨɜɨɞɢɥɢ ɨɬɠɢɝ ɫɥɢɬɤɨɜ. Ⱦɚɥɟɟ ɫɥɢɬɤɢ ɨɛɬɚɱɢɜɚɥɢ ɧɚ ɬɨɤɚɪɧɨɦ 
ɫɬɚɧɤɟ. ɉɨɥɭɱɟɧɧɵɟ ɡɚɝɨɬɨɜɤɢ ɩɪɟɫɫɨɜɚɥɢ ɧɚ ɩɪɟɫɫɟ «Ȼɥɢɫɫ» ɫ ɭɫɢɥɢɟɦ 1000 ɬɫ (ɤɨɷɮ-
ɮɢɰɢɟɧɬ ɜɵɬɹɠɤɢ ɫɨɫɬɚɜɢɥ зβ,4). Ɉɬ ɩɪɟɫɫɨɜɚɧɧɵɯ ɩɪɭɬɤɨɜ ɨɬɪɟɡɚɥɢ ɜɵɯɨɞɧɨɣ ɢ ɭɬɹ-
ɠɢɧɧɵɣ ɤɨɧɟɰ. ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɩɪɟɫɫɨɜɚɧɵɯ ɩɪɭɬɤɨɜ ɢɡɝɨɬɨɜɢɥɢ ɫɬɚɧɞɚɪɬɧɵɟ ɨɛɪɚɡɰɵ 
ɫɩɥɚɜɚ Ⱦ16 ɜ ɜɢɞɟ ɰɢɥɢɧɞɪɨɜ ɜɵɫɨɬɨɣ γ0 ɦɦ ɢ 40 ɦɦ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɜɨɞɢɥɢ ɧɚ ɢɫɤɪɨɜɨɦ ɨɩɬɢɤɨ-ɷɦɢɫɫɢɨɧɧɨɦ 
ɫɩɟɤɬɪɨɦɟɬɪɟ MКРОХХКЧ Q8 ɮɢɪɦɵ BrЮФОr, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɜɨɥɧɨɞɢɫɩɟɪɫɢɨɧɧɨɦ 
ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɦ ɫɩɟɤɬɪɨɦɟɬɪɟ S8 TТРОr ɮɢɪɦɵ BrЮФОr, ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɨɦ 
ɫɩɟɤɬɪɨɦɟɬɪɟ ɫ ɢɧɞɭɤɬɢɜɧɨ-ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ VКrТКЧ 7γ0 ȿS ɢ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɟ ɫ 
ɢɧɞɭɤɬɢɜɧɨ-ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ Б-SОrТОs β ɮɢɪɦɵ TСОrЦШ SМТОЧЭТПТМ. 

Ɉɬɛɨɪ ɢ ɩɨɞɝɨɬɨɜɤɭ ɨɛɪɚɡɰɨɜ ɤ ɚɧɚɥɢɡɭ ɩɪɨɜɨɞɢɥɢ ɩɨ ȽɈɋɌ 7565–81 ɢ 
ȽɈɋɌ 7727–81. Ⱦɥɹ ɪɟɡɤɢ ɫɥɢɬɤɨɜ ɢ ɩɨɞɝɨɬɨɜɤɢ ɨɛɪɚɡɰɨɜ ɤ ɷɥɟɦɟɧɬɧɨɦɭ ɚɧɚɥɢɡɭ ɢɫ-
ɩɨɥɶɡɨɜɚɥɢ ɨɬɪɟɡɧɨɣ ɫɬɚɧɨɤ ɫ ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ LКЛШЭШЦ-5 ɮɢɪɦɵ SЭrЮОrs ɫ ɭɫɬɚ-
ɧɨɜɥɟɧɧɵɦɢ ɨɬɪɟɡɧɵɦɢ ɤɪɭɝɚɦɢ SЭrЮОrs β50 ɦɦ ɢ ɬɨɥɳɢɧɨɣ 1,5 ɦɦ ɬɢɩɚ 10Sβ5 ɢ ɫɬɚɧɨɤ 
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ɩɥɨɫɤɨɲɥɢɮɨɜɚɥɶɧɵɣ HОrгШР HT-γ50 ɫ ɚɛɪɚɡɢɜɧɵɦɢ ɞɢɫɤɚɦɢ ɧɚ ɛɭɦɚɠɧɨɣ ɨɫɧɨɜɟ ɡɟɪ-
ɧɢɫɬɨɫɬɶɸ 50 ɢ 100 ɟɞ. Ɋɚɫɱɟɬ ɫɬɚɧɞɚɪɬɧɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɨɬ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɚɬɬɟɫɬɨ-
ɜɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɋɈ ɩɪɨɜɟɞɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɋ 50.β.058–β007 ɢ ȽɈɋɌ 8.531–2002. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɭ ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɬɨɞɚɦɢ ɨɩɬɢɱɟɫɤɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɩɪɢ ɩɨɦɨɳɢ 
ɦɢɤɪɨɫɤɨɩɚ Olympus GX-51, ɨɛɨɪɭɞɨɜɚɧɧɨɝɨ ɰɢɮɪɨɜɨɣ ɤɚɦɟɪɨɣ. Ⱦɥɹ ɩɨɞɝɨɬɨɜɤɢ ɨɛ-
ɪɚɡɰɨɜ ɤ ɢɫɫɥɟɞɨɜɚɧɢɸ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɛɨɪɭɞɨɜɚɧɢɟ ɮɢɪɦɵ SЭrЮОrs – 
ɫɬɚɧɤɢ Tegramin-β0 ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɪɟɫɫ CТЭШ PrОss. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

Ɋɟɡɭɥɶɬɚɬɵ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɦɚɬɟɪɢɚɥɚ ɋɈ ɫɩɥɚɜɚ Ⱦ16, ɩɨɥɭɱɟɧɧɨɝɨ ɥɢɬɶɟɦ 
ɜ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɢɡɥɨɠɧɢɰɭ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1. ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɫɥɟɞɭɟɬ, 
ɱɬɨ ɩɪɢ ɥɢɬɶɟ ɜ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɢɡɥɨɠɧɢɰɭ ɦɚɪɝɚɧɟɰ, ɦɚɝɧɢɣ ɢ ɠɟɥɟɡɨ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ 
ɪɚɜɧɨɦɟɪɧɨ ɜɞɨɥɶ ɨɫɢ ɫɥɢɬɤɚ. ȼ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɦɟɞɢ, ɧɚɩɪɨɬɢɜ, ɧɚɛɥɸɞɚɟɬɫɹ ɡɧɚɱɢ-
ɬɟɥɶɧɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ – ɫɨɞɟɪɠɚɧɢɟ ɦɟɞɢ ɜ ɧɢɠɧɟɣ ɢ ɜɟɪɯɧɟɣ ɱɚɫɬɹɯ ɫɥɢɬɤɚ ɨɬɥɢɱɚ-
ɟɬɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ 0,γ% (ɩɨ ɦɚɫɫɟ). 
 

Ɍɚɛɥɢɰɚ 1 
ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ ɜ ɫɥɢɬɤɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɥɢɬɶɟɦ ɜ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɢɡɥɨɠɧɢɰɭ 

Ɉɛɪɚɡɟɰ ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ) 
Fe Cu Mn Mg 

ɋɥɢɬɨɤ 1:     
ɜɟɪɯ 0,020 4,60 0,61 1,44 
ɧɢɡ 0,021 4,93 0,63 1,49 

ɋɥɢɬɨɤ 2:     
ɜɟɪɯ 0,020 4,63 0,59 1,47 
ɧɢɡ 0,020 4,87 0,60 1,49 

 
ȼ ɬɚɛɥ. β ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɦɚɬɟɪɢɚɥɚ ɋɈ ɫɩɥɚɜɚ Ⱦ16, 

ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɩɨɥɭɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɜ ɜɨɞɨɨɯɥɚɠɞɚɟɦɵɣ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ. 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɞɚɧɧɵɯ, ɷɬɨɬ ɦɟɬɨɞ ɥɢɬɶɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɫɥɢɬɤɢ ɫ 
ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɦɟɞɢ ɩɨ ɜɵɫɨɬɟ ɫɥɢɬɤɚ (ɪɚɡɧɨɫɬɶ ɫɨɞɟɪɠɚɧɢɹ ɦɟɞɢ 
ɜ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɱɚɫɬɹɯ ɫɥɢɬɤɚ – ɧɟ ɛɨɥɟɟ 0,06% (ɩɨ ɦɚɫɫɟ)). Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɦɚɪɝɚɧ-
ɰɚ, ɦɚɝɧɢɹ ɢ ɠɟɥɟɡɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɬɚɤɠɟ ɨɬɥɢɱɚɟɬɫɹ ɛɨɥɶɲɟɣ ɨɞɧɨɪɨɞɧɨɫɬɶɸ. 
 

Ɍɚɛɥɢɰɚ 2 
ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ ɜ ɫɥɢɬɤɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɩɨɥɭɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ 

ɜ ɜɨɞɨɨɯɥɚɠɞɚɟɦɵɣ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ 
Ɉɛɪɚɡɟɰ ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ) 

Fe Cu Mn Mg 
ɋɥɢɬɨɤ 1:     

ɧɢɡ 0,031 4,42 0,61 1,53 
ɫɪɟɞɧɹɹ ɱɚɫɬɶ 0,030 4,47 0,61 1,53 
ɜɜɟɪɯ 0,030 4,48 0,61 1,52 

ɋɥɢɬɨɤ 3:     
ɧɢɡ 0,030 4,39 0,61 1,50 
ɜɟɪɯ 0,029 4,39 0,62 1,50 

 
Ɉɞɧɚɤɨ ɜ ɫɥɢɬɤɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɩɨɥɭɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɜ ɜɨɞɨɨɯɥɚɠɞɚ-

ɟɦɵɣ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ, ɧɚɛɥɸɞɚɟɬɫɹ ɡɨɧɚɥɶɧɚɹ ɥɢɤɜɚɰɢɹ ɩɨ ɩɨɩɟɪɟɱɧɨɦɭ ɫɟɱɟɧɢɸ ɫɥɢɬɤɚ. 
ȼ ɬɚɛɥ. γ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɨɜ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɥɢɬ-
ɤɚ: ɰɟɧɬɪɚ (ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɫɥɢɬɤɚ r=15 ɦɦ), ɫɪɟɞɧɟɣ ɱɚɫɬɢ (r=γ5 ɦɦ) ɢ ɧɚɪɭɠɧɵɯ 
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ɭɱɚɫɬɤɨɜ (r=50 ɦɦ). ɋɨɞɟɪɠɚɧɢɟ ɦɟɞɢ ɜ ɧɚɪɭɠɧɵɯ ɨɛɥɚɫɬɹɯ ɫɟɱɟɧɢɹ ɜɵɲɟ, ɱɟɦ ɜ ɫɪɟɞɧɟɣ 
ɟɝɨ ɱɚɫɬɢ ɧɚ 0,β–0,γ% (ɩɨ ɦɚɫɫɟ), ɩɪɢ ɷɬɨɦ ɜ ɩɪɟɞɟɥɚɯ ɤɪɭɝɚ ɪɚɞɢɭɫɨɦ γ5 ɦɦ ɫɨɞɟɪɠɚɧɢɟ 
ɦɟɞɢ ɢɡɦɟɧɹɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ (ɪɚɡɧɨɫɬɶ ɡɧɚɱɟɧɢɣ – ɦɟɧɟɟ 0,1% (ɩɨ ɦɚɫɫɟ)). 
 

Ɍɚɛɥɢɰɚ 3 
Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɩɨ ɩɨɩɟɪɟɱɧɨɦɭ ɫɟɱɟɧɢɸ ɫɥɢɬɤɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ  

ɩɨɥɭɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɜ ɜɨɞɨɨɯɥɚɠɞɚɟɦɵɣ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ 
Ɉɛɪɚɡɟɰ ɋɨɞɟɪɠɚɧɢɟ ɦɟɞɢ, % (ɩɨ ɦɚɫɫɟ) 

ɰɟɧɬɪ ɫɟɱɟɧɢɹ ɫɟɪɟɞɢɧɚ ɫɟɱɟɧɢɹ ɜɧɟɲɧɹɹ ɨɛɥɚɫɬɶ ɫɟɱɟɧɢɹ 
ɋɥɢɬɨɤ 1:    

ɜɟɪɯ 4,44 4,45 4,70 
ɧɢɡ 4,45 4,42 4,72 

ɋɥɢɬɨɤ 2:    
ɜɟɪɯ 4,58 4,48 4,76 
ɧɢɡ 4,49 4,59 4,80 

 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɩɪɢɜɟɞɟɧɧɵɯ ɪɚɧɟɟ ɞɚɧɧɵɯ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ – ɞɥɹ ɩɪɨ-

ɢɡɜɨɞɫɬɜɚ ɦɚɬɟɪɢɚɥɚ ɋɈ ɫɨɫɬɚɜɚ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ Ⱦ16 ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ɩɨɥɭ-
ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɜ ɜɨɞɨɨɯɥɚɠɞɚɟɦɵɣ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ ɫ ɨɛɬɨɱɤɨɣ ɩɨɥɭɱɟɧɧɨɝɨ ɫɥɢɬ-
ɤɚ ɞɨ 66 ɦɦ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɛɪɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɟɣ ɜɨ ɎȽɍɉ «ȼɂȺɆ» ɩɪɨɢɡɜɟɞɟ-
ɧɚ ɩɚɪɬɢɹ ɋɈ. Ⱦɥɹ ɩɨɥɭɱɟɧɧɵɯ ɋɈ ɪɚɫɫɱɢɬɚɧɚ ɫɬɚɧɞɚɪɬɧɚɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɨɬ ɧɟɨɞ-
ɧɨɪɨɞɧɨɫɬɢ (Sɧ): 

ɗɥɟɦɟɧɬ Cu Mg Mn 
ɉɨɤɚɡɚɬɟɥɶ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ (Sɧ) 0,03494 0,02369 0,00124 

 
ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɢɡɝɨɬɨɜɥɟɧɧɭɸ ɩɚɪɬɢɸ ɋɈ ɜ 

ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɪɚɛɨɬ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɫɬɚɧɞɪɚɬɧɵɯ ɨɛɪɚɡɰɨɜ ɭɬɜɟɪɠɞɟɧɧɨɝɨ 
ɬɢɩɚ (ȽɋɈ). 

ɉɪɨɜɟɞɟɧɨ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚɥɚ ɋɈ ɦɟɬɨɞɚɦɢ ɨɩɬɢ-
ɱɟɫɤɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɦɚɬɟɪɢɚɥɚ 
ɋɈ ɹɜɥɹɟɬɫɹ ɬɢɩɢɱɧɨɣ ɞɥɹ ɩɪɟɫɫɨɜɚɧɧɵɯ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɫɩɥɚɜɨɜ ɬɢɩɚ Ⱦ16 ɢ ɧɟ ɫɨ-
ɞɟɪɠɢɬ ɡɧɚɱɢɦɵɯ ɞɟɮɟɤɬɨɜ. 
 

 
Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɦɚɬɟɪɢɚɥɚ ɡɚɝɨɬɨɜɤɢ ɫɬɚɧɞɚɪɬɧɨɝɨ ɨɛɪɚɡɰɚ (ɋɈ) 

 
Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɚɬɬɟɫɬɚɰɢɢ ɋɈ ɦɟɬɨɞɚɦɢ ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɨɣ 

ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɫ ɢɧɞɭɤɬɢɜɧɨ-ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ ɢ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɫ ɢɧɞɭɤɬɢɜɧɨ-
ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 4. Ɂɧɚɱɟɧɢɹ ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɷɥɟɦɟɧɬɨɜ ɥɟɠɚɬ ɜ 
ɩɪɟɞɟɥɚɯ, ɭɤɚɡɚɧɧɵɯ ɜ ɌɁ. 
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Ɍɚɛɥɢɰɚ 4 
ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ ɜ ɦɚɬɟɪɢɚɥɟ ɡɚɝɨɬɨɜɨɤ ɫɬɚɧɞɚɪɬɧɨɝɨ ɨɛɪɚɡɰɚ 

ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɚɬɬɟɫɬɚɰɢɢ 
ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ) 

Cu Mg Mn Fe Ni Si Ti Zn Be Zr 
4,33 1,49 0,576 0,0268 0,0005

4 
0,019

3 
0,006

4 
0,0086 0,00000

4 
0,0003 

Li B Na Ca Sc V Cr Ga Ce Pb 
0,00000

7 
0,0000

4 
<0,000

2 
<0,000

3 
0,0000

5 
0,000

6 
0,000

6 
0,00013 0,00008 0,0004 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɉɪɨɜɟɞɟɧɚ ɫɟɪɢɹ ɩɥɚɜɨɤ ɦɚɬɟɪɢɚɥɚ ɋɈ ɫɨɫɬɚɜɚ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ Ⱦ16 ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɛɚɡɟ ɎȽɍɉ «ȼɂȺɆ» ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ: ɥɢɬɶɟ 
ɜ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɢɡɥɨɠɧɢɰɭ ɢ ɩɨɥɭɧɟɩɪɟɪɵɜɧɨɟ ɥɢɬɶɟ ɜ ɜɨɞɨɨɯɥɚɠɞɚɟɦɵɣ ɤɪɢɫɬɚɥɥɢ-
ɡɚɬɨɪ. ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɞɧɨɪɨɞɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɜ ɩɨɥɭɱɟɧɧɵɯ 
ɫɥɢɬɤɚɯ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɥɢɬɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɥɢɬɶɟɦ ɜ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɢɡɥɨɠɧɢɰɭ, 
ɨɬɥɢɱɚɸɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɦɟɞɢ ɜɞɨɥɶ ɨɫɢ ɫɥɢɬɤɚ. ȼ ɫɥɢɬɤɚɯ, ɨɬɥɢ-
ɬɵɯ ɦɟɬɨɞɨɦ ɩɨɥɭɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɜ ɜɨɞɨɨɯɥɚɠɞɚɟɦɵɣ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ, ɨɩɪɟɞɟɥɹɟ-
ɦɵɟ ɷɥɟɦɟɧɬɵ ɪɚɫɩɪɟɞɟɥɟɧɵ ɪɚɜɧɨɦɟɪɧɨ ɜɞɨɥɶ ɨɫɢ ɫɥɢɬɤɚ, ɨɞɧɚɤɨ ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɨɞ-
ɧɨɪɨɞɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɟɞɢ ɩɨ ɩɨɩɟɪɟɱɧɨɦɭ ɫɟɱɟɧɢɸ ɫɥɢɬɤɚ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚ-
ɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɋɈ ɜɵɛɪɚɧ ɦɟɬɨɞ ɩɨɥɭɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ 
ɜ ɜɨɞɨɨɯɥɚɠɞɚɟɦɵɣ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ. Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɩɨɫɥɟɞɫɬɜɢɣ ɡɨɧɚɥɶɧɨɣ ɥɢɤɜɚɰɢɢ 
ɦɟɞɢ ɩɨ ɩɨɩɟɪɟɱɧɨɦɭ ɫɟɱɟɧɢɸ ɫɥɢɬɤɚ ɩɪɟɞɥɨɠɟɧɨ ɩɪɨɜɨɞɢɬɶ ɨɛɬɨɱɤɭ ɫɥɢɬɤɨɜ ɦɚɬɟɪɢ-
ɚɥɚ ɋɈ ɞɨ 65 ɦɦ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɛɪɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɟɣ ɩɪɨɜɟɞɟɧɚ ɩɥɚɜɤɚ ɦɚɬɟɪɢɚɥɚ ɋɈ, ɩɪɨ-
ɢɡɜɟɞɟɧɚ ɩɚɪɬɢɹ ɋɈ ɫɩɥɚɜɚ Ⱦ16. ȼɵɩɨɥɧɟɧɵ ɢɡɦɟɪɟɧɢɹ ɢ ɪɚɫɱɟɬ ɫɬɚɧɞɚɪɬɧɨɣ ɧɟɨɩɪɟ-
ɞɟɥɟɧɧɨɫɬɢ ɨɬ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɩɚɪɬɢɢ ɋɈ. ɉɪɨɜɟɞɟɧɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ 
ɚɬɬɟɫɬɨɜɚɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ – ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɷɥɟɦɟɧɬɨɜ. Ɂɧɚɱɟɧɢɹ ɦɚɫɫɨɜɨɣ ɞɨɥɢ 
ɷɥɟɦɟɧɬɨɜ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɭɬɜɟɪɠɞɟɧɧɨɦɭ ɬɟɯɧɢɱɟɫɤɨɦɭ ɡɚɞɚɧɢɸ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɋɈ 
ɫɩɥɚɜɚ Ⱦ16. ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɟɬɨɞɚɦɢ ɨɩɬɢɱɟɫɤɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɦɢɤɪɨ-
ɫɬɪɭɤɬɭɪɚ ɦɚɬɟɪɢɚɥɚ ɋɈ ɹɜɥɹɟɬɫɹ ɬɢɩɢɱɧɨɣ ɞɥɹ ɩɪɟɫɫɨɜɚɧɧɵɯ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɫɩɥɚɜɨɜ 
ɬɢɩɚ Ⱦ16 ɢ ɧɟ ɫɨɞɟɪɠɢɬ ɡɧɚɱɢɦɵɯ ɞɟɮɟɤɬɨɜ. 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɷɥɟɦɟɧɬɨɜ ɢ ɜɟɥɢɱɢɧɵ ɫɬɚɧɞɚɪɬɧɨɣ ɧɟ-
ɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɨɬ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɞɥɹ ɩɚɪɬɢɢ ɋɈ ɩɨɡɜɨɥɹɸɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɬɭ ɩɚɪɬɢɸ 
ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ ɭɬɜɟɪɠɞɟɧɧɨɝɨ ɬɢɩɚ (ȽɋɈ). 
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ɋɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɜɨɩɪɨɫɚɦ ɫɧɢɠɟɧɢɹ ɧɟɝɚɬɢɜɧɨɝɨ ɲɭɦɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɱɟɥɨ-
ɜɟɤɚ ɜ ɩɪɟɞɟɥɚɯ ɝɨɪɨɞɫɤɨɣ ɬɟɪɪɢɬɨɪɢɢ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɨɩɢ-
ɫɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɩɪɟɞɥɨɠɟɧɚ ɤɨɦɩɨɡɢɰɢɨɧɧɚɹ ɞɟɤɨɪɚɬɢɜɧɚɹ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɚɹ ɩɚɧɟɥɶ 
ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɨɫɬɚɜɟ ɬɪɚɧɫɩɨɪɬɧɵɯ ɲɭɦɨɡɚɳɢɬɧɵɯ ɷɤɪɚɧɨɜ ɢ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɨ-
ɦɟɳɟɧɢɹɯ. Ɉɩɢɫɚɧ ɫɨɫɬɚɜ ɩɚɧɟɥɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɫɨɛɨɣ ɫɥɨɣ ɜɨɥɨɤɧɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ, 
ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜɧɭɬɪɢ ɫɥɨɹ ɹɱɟɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɨɱɟɬɚɬɶ ɜɵɫɨɤɢɟ 
ɚɤɭɫɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɫɜɨɣɫɬɜɟɧɧɵɟ ɜɨɥɨɤɧɢɫɬɵɦ ɦɚɬɟɪɢɚɥɚɦ, ɩɪɢ ɡɧɚɱɢ-
ɬɟɥɶɧɨɦ ɭɥɭɱɲɟɧɢɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɨɥɨɤɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

Кɥюɱɟɜыɟ ɫɥɨɜɚ: ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɚɹ ɩɚɧɟɥɶ, ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɣ ɦɚɬɟɪɢɚɥ, ɤɨɷɮɮɢ-
ɰɢɟɧɬ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ, ɜɥɚɝɨɩɨɝɥɨɳɟɧɢɟ. 

 
Article is devoted to questions of decrease in negative noise impact on the person on urban 

area and industrial rooms. For the solution of the described problem the composition decora-
tive sound absorbing panel, for application as a part of transport shumozashchitny screens and 
in industrial rooms is offered. The structure of the panel representing layer of fibrous material, 
located in layer of cellular structure that allows to combine the high acoustic characteristics 
inherent to fibrous materials, at considerable improvement of rather fibrous materials of utiliza-
tion properties is described. 

Keywords: sound absorbing panel, sound-proof material, factor of sound absorption, 
moisture absorption. 
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ȼɜɟɞɟɧɢɟ 

Ɋɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɤɥɸɱɟɜɵɯ ɩɪɨɛɥɟɦ ɪɚɡɜɢɬɢɹ 
ɝɪɚɠɞɚɧɫɤɢɯ ɫɟɤɬɨɪɨɜ ɷɤɨɧɨɦɢɤɢ Д1, βЖ, ɛɟɡ ɪɟɲɟɧɢɹ ɤɨɬɨɪɨɣ ɧɟɜɨɡɦɨɠɧɚ ɪɟɚɥɢɡɚɰɢɹ 
ɩɟɪɟɞɨɜɵɯ ɢɞɟɣ ɢ ɤɨɧɰɟɩɰɢɣ ɧɟ ɬɨɥɶɤɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɧɨ ɢ ɜ ɫɪɟɞɧɟɫɪɨɱɧɨɣ ɩɟɪ-
ɫɩɟɤɬɢɜɟ ДγЖ. ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜɫɟ ɛɨɥɶɲɟɟ ɦɟɫɬɨ ɜ ɜɨɩɪɨɫɟ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɦɚɬɟɪɢɚ-
ɥɨɜ ɡɚɧɢɦɚɸɬ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ Д4, 5Ж, ɦɟɬɨɞɵ ɨɰɟɧɤɢ ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ Д6, 7Ж, 
ɚ ɬɚɤɠɟ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɜɨɡɦɨɠɧɵɯ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ Д8, 9Ж. 

Ɋɚɡɜɢɬɢɟ ɧɨɜɵɯ ɚɤɭɫɬɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ Д10Ж ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ 
ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɩɨɜɵɲɟɧɧɨɝɨ ɲɭɦɚ Д11Ж ɢ ɜɢɛɪɚɰɢɢ Д1βЖ ɧɚ ɱɟɥɨɜɟɤɚ. 

ɉɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɲɭɦɚ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɨɫɬɪɨɣ ɩɪɨɛɥɟɦɨɣ ɞɥɹ ɝɨɪɨɞɫɤɢɯ 
ɬɟɪɪɢɬɨɪɢɣ. ȼ β011 ɝ. Ⱦɟɩɚɪɬɚɦɟɧɬ ɩɪɢɪɨɞɨɩɨɥɶɡɨɜɚɧɢɹ ɢ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
ɝɨɪɨɞɚ Ɇɨɫɤɜɵ ɩɨɞɝɨɬɨɜɢɥ ɞɨɤɥɚɞ «ɒɭɦɨɜɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɜ β010 ɝ.». ɉɨ ɦɧɟɧɢɸ ɷɤɫ-
ɩɟɪɬɨɜ, ɞɨ 70% ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ ɩɨɞɜɟɪɠɟɧɵ ɫɜɟɪɯɧɨɪɦɚɬɢɜɧɨɦɭ ɲɭɦɭ ɨɬ ɪɚɡɧɵɯ 
ɢɫɬɨɱɧɢɤɨɜ. ɉɨ ɞɚɧɧɵɦ ɨɮɢɰɢɚɥɶɧɵɯ ɨɪɝɚɧɨɜ, ɜ ɊɎ ɛɨɥɟɟ γ5 ɦɥɧ ɱɟɥɨɜɟɤ ɩɪɨɠɢɜɚɟɬ ɜ 
ɭɫɥɨɜɢɹɯ ɚɤɭɫɬɢɱɟɫɤɨɝɨ ɞɢɫɤɨɦɮɨɪɬɚ. ɉɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɲɭɦɚ ɩɪɢɜɨɞɢɬ ɤ  
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ɫɧɢɠɟɧɢɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɪɭɞɚ, ɚ ɬɚɤɠɟ ɤ ɭɜɟɥɢɱɟɧɢɸ ɪɢɫɤɚ ɩɨɹɜɥɟɧɢɹ ɡɚɛɨɥɟ-
ɜɚɧɢɣ ɫɟɪɞɟɱɧɨ-ɫɨɫɭɞɢɫɬɨɣ ɫɢɫɬɟɦɵ. ɇɚɩɪɢɦɟɪ, ɭɥɢɱɧɵɣ ɲɭɦ ɩɪɢɜɨɞɢɬ ɤ ɩɪɟɠɞɟɜɪɟ-
ɦɟɧɧɨɣ ɫɦɟɪɬɢ ɨɬ ɫɟɪɞɟɱɧɵɯ ɩɪɢɫɬɭɩɨɜ з50 ɬɵɫ. ɱɟɥɨɜɟɤ ɜ β5 ɫɬɪɚɧɚɯ ȿɋ ɟɠɟɝɨɞɧɨ. 

Ɉɫɧɨɜɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɲɭɦɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ ɹɜɥɹɸɬɫɹ 
ɚɜɬɨɬɪɚɧɫɩɨɪɬ, ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɣ ɬɪɚɧɫɩɨɪɬ ɢ ɧɚɡɟɦɧɵɟ ɥɢɧɢɢ ɦɟɬɪɨ, ɚɜɢɚɬɪɚɧɫɩɨɪɬ, 
ɫɬɪɨɢɬɟɥɶɧɚɹ ɬɟɯɧɢɤɚ, ɩɪɨɦɵɲɥɟɧɧɵɟ ɩɪɟɞɩɪɢɹɬɢɹ ɢ ɩɥɨɳɚɞɤɢ, ɢɧɠɟɧɟɪɧɨɟ ɨɛɨɪɭɞɨ-
ɜɚɧɢɟ ɡɞɚɧɢɣ (ɜ ɬɨɦ ɱɢɫɥɟ ɜɟɧɬɢɥɹɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ), ɲɭɦɵ ɛɵɬɨɜɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ 
ɧɚ ɬɟɪɪɢɬɨɪɢɹɯ ɜɧɭɬɪɢ ɤɜɚɪɬɚɥɨɜ ɠɢɥɵɯ ɞɨɦɨɜ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɢɡ ɨɩɢ-
ɫɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɹɜɥɹɸɬɫɹ ɚɜɬɨɦɨɛɢɥɶɧɵɟ ɞɨɪɨɝɢ ɢ ɚɜɬɨɫɬɪɚɞɵ. ɇɚ ɚɜɬɨɦɨɛɢɥɶɧɵɯ 
ɞɨɪɨɝɚɯ ɜ ɩɟɪɢɨɞ ɧɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɬɪɚɧɫɩɨɪɬɚ ɭɪɨɜɟɧɶ ɲɭɦɚ ɡɚɱɚɫɬɭɸ 
ɩɨɱɬɢ ɜ β ɪɚɡɚ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɵɣ. ɍɫɬɪɚɧɢɬɶ ɢɫɬɨɱɧɢɤ ɲɭɦɚ ɧɟɜɨɡɦɨɠɧɨ, ɧɨ ɩɨ-
ɝɥɨɬɢɬɶ ɢ ɫɧɢɡɢɬɶ ɜɨɡɞɟɣɫɬɜɢɟ ɲɭɦɚ, ɞɨɜɟɫɬɢ ɟɝɨ ɞɨ ɛɟɡɨɩɚɫɧɨɝɨ ɢɥɢ ɞɚɠɟ ɞɨ ɧɟɡɧɚɱɢ-
ɬɟɥɶɧɨɝɨ ɭɪɨɜɧɹ ɜɩɨɥɧɟ ɪɟɚɥɶɧɨ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 
15.γ. «Ɇɚɬɟɪɢɚɥɵ ɢ ɩɨɤɪɵɬɢɹ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɗɆɂ, ɭɞɚɪɧɵɯ, ɜɢɛɪɚɰɢɨɧɧɵɯ, ɚɤɭɫɬɢɱɟ-
ɫɤɢɯ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚ-
ɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ») ДγЖ. 
 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 
ɇɚɢɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɵɦɢ ɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɢɦɵɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɜ ɫɬɪɨɢɬɟɥɶ-

ɫɬɜɟ, ɹɜɥɹɸɬɫɹ ɩɨɪɢɫɬɵɟ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɟ ɦɚɬɟɪɢɚɥɵ (ɁɉɆ). Ɉɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨ-
ɛɨɣ ɬɜɟɪɞɵɟ ɜɟɳɟɫɬɜɚ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɩɨɪ ɢ ɤɚɧɚɥɨɜ. ɇɚɥɢɱɢɟ ɨɬɤɪɵɬɨɣ ɩɨɪɢ-
ɫɬɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɡɜɭɤɨɜɨɣ ɜɨɥɧɟ ɩɪɨɧɢɤɚɬɶ ɜ ɦɚɬɟɪɢɚɥ ɢ, ɩɪɨɯɨɞɹ ɜɧɭɬɪɢ ɨɛɪɚɡɰɚ, ɬɟ-
ɪɹɬɶ ɫɜɨɸ ɷɧɟɪɝɢɸ ɧɚ ɜɧɭɬɪɟɧɧɢɯ ɫɬɟɧɤɚɯ. ɉɨɝɥɨɳɟɧɢɟ, ɜɵɡɵɜɚɟɦɨɟ ɜɹɡɤɨɫɬɶɸ ɫɪɟɞɵ, 
ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɥɢɱɢɹ ɝɪɚɞɢɟɧɬɚ ɫɤɨɪɨɫɬɟɣ ɱɚɫɬɢɰ ɜɨɡɞɭɯɚ ɜɛɥɢɡɢ ɫɬɟɧɨɤ 
ɦɚɬɟɪɢɚɥɚ. ɋɢɥɵ ɜɹɡɤɨɫɬɢ, ɜɵɡɵɜɚɸɳɢɟ ɩɨɝɥɨɳɟɧɢɟ ɡɜɭɤɨɜɨɣ ɜɨɥɧɵ, ɩɪɨɩɨɪɰɢɨɧɚɥɶ-
ɧɵ ɝɪɚɞɢɟɧɬɭ ɫɤɨɪɨɫɬɢ, ɚ ɢɯ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬ ɩɨɝɥɨɳɟɧɧɭɸ ɜ ɟɞɢɧɢɰɭ 
ɜɪɟɦɟɧɢ ɷɧɟɪɝɢɸ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɟɳɟ ɢ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ ɱɚɫɬɢɰ, ɤɨɬɨɪɚɹ ɬɚɤɠɟ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɝɪɚɞɢɟɧɬɭ ɫɤɨɪɨɫɬɢ. ɉɪɢ ɧɢɡɤɢɯ ɱɚɫɬɨɬɚɯ ɨɫɧɨɜɧɨɣ ɜɤɥɚɞ ɜ ɩɨɝɥɨɳɟ-
ɧɢɟ ɜɧɨɫɢɬ ɜɹɡɤɨɟ ɩɨɝɥɨɳɟɧɢɟ ɧɚ ɫɬɟɧɤɚɯ. Ɉɞɧɚɤɨ ɫ ɪɨɫɬɨɦ ɱɚɫɬɨɬɵ ɜɤɥɚɞ ɜɹɡɤɢɯ ɩɨ-
ɬɟɪɶ ɜ ɫɪɟɞɟ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɜɨɥɧɨɜɨɦɭ ɱɢɫɥɭ, ɪɚɫɬɟɬ. ɉɨɬɟɪɢ ɨɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɫɨɩɨɫɬɚɜɢɦɵ ɫ ɩɨɬɟɪɹɦɢ ɨɬ ɜɹɡɤɨɫɬɢ ɫɪɟɞɵ. 

ɋɪɟɞɢ ɩɨɪɢɫɬɵɯ ɁɉɆ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɬɪɢ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ: ɡɟɪɧɢɫɬɵɟ, ɜɨɥɨɤ-
ɧɢɫɬɵɟ ɢ ɹɱɟɢɫɬɵɟ. 

ȼɨɥɨɤɧɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɭɩɩɚɦɢ ɜɨɥɨɤɨɧ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ 
ɩɪɨɞɨɥɶɧɨɦ, ɩɨɩɟɪɟɱɧɨɦ ɢ ɜɟɪɬɢɤɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ (ɧɚɩɪɢɦɟɪ, ɛɚɡɚɥɶɬɨɜɚɹ ɢɥɢ ɦɢ-
ɧɟɪɚɥɶɧɚɹ ɜɚɬɚ). Ɂɟɪɧɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɭɛɢɱɟɫɤɭɸ ɢ 
ɝɟɤɫɚɝɨɧɚɥɶɧɭɸ ɭɤɥɚɞɤɭ ɲɚɪɨɨɛɪɚɡɧɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ (ɧɚɩɪɢɦɟɪ, ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ 
ɩɟɪɥɢɬɚ, ɜɟɪɦɢɤɭɥɢɬɚ, ɝɪɚɧɭɥ ɜɫɩɟɧɟɧɧɨɝɨ ɫɬɟɤɥɚ). əɱɟɢɫɬɚɹ ɫɬɪɭɤɬɭɪɚ ɦɚɬɟɪɢɚɥɚ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɪɵ ɱɚɳɟ ɜɫɟɝɨ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ, ɪɚɡɞɟɥɟɧɧɵɟ ɦɟɠɩɨɪɨɜɵɦɢ 
ɩɟɪɟɝɨɪɨɞɤɚɦɢ (ɨɬɤɪɵɬɨ- ɢ ɡɚɤɪɵɬɨɩɨɪɢɫɬɵɟ ɩɟɧɨɩɥɚɫɬɵ, ɹɱɟɢɫɬɵɣ ɛɟɬɨɧ ɢ ɬ. ɞ.). ȼɨ 
ɜɫɟɯ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜɢɞɚɯ ɦɚɬɟɪɢɚɥɨɜ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɟ ɫɜɨɣɫɬɜɚ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɡɚ-
ɜɢɫɹɬ ɨɬ ɜɢɞɚ ɩɨɪ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɢ ɯɚɪɚɤɬɟɪɚ ɩɨɪɢɫɬɨɫɬɢ ɜɧɭɬɪɢ. 

ȼɨɥɨɤɧɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɢɦɢ ɢ ɫɬɚɛɢɥɶɧɵɦɢ ɜ 
ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ ɚɤɭɫɬɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɧɟɛɨɥɶɲɨɣ ɦɚɫɫɨɣ ɢ ɧɢɡ-
ɤɨɣ ɫɬɨɢɦɨɫɬɶɸ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɧɢɡɤɢɟ ɷɤɫɩɥɭɚɬɚɰɢ-
ɨɧɧɵɟ ɫɜɨɣɫɬɜɚ, ɬɚɤɢɟ ɤɚɤ ɫɬɨɣɤɨɫɬɶ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɜɥɚɝɢ ɢ ɩɵɥɢ, ɫɜɚɥɢɜɚɧɢɟ ɦɚɬɟɪɢɚ-
ɥɚ, ɚ ɬɚɤɠɟ ɜɵɞɟɥɟɧɢɟ ɜ ɚɬɦɨɫɮɟɪɭ ɱɚɫɬɢɰ ɦɚɬɟɪɢɚɥɚ, ɱɬɨ ɞɟɥɚɟɬ ɧɟɜɨɡɦɨɠɧɵɦ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟ ɩɨɞɨɛɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɨɦɟɳɟɧɢɹɯ ɛɟɡ ɡɚɳɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɤɚɤ ɩɪɚɜɢɥɨ 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɱɟɯɥɵ ɢɡ ɬɤɚɧɟɣ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ. 
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əɱɟɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ ɨɛɥɚɞɚɸɬ ɦɟɧɟɟ ɫɬɚɛɢɥɶɧɵɦɢ, ɧɨ ɩɪɢ ɷɬɨɦ ɜɵɫɨɤɢɦɢ ɚɤɭ-
ɫɬɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɥɭɱɲɢɦɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚ-
ɦɢ, ɨɞɧɚɤɨ ɫɬɨ ɹɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɞɨɪɨɠɟ ɜɨɥɨɤɧɢɫɬɵɯ ɚɧɚɥɨɝɨɜ, ɱɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɢɯ 
ɩɪɢɦɟɧɟɧɢɟ ɜ ɫɬɪɨɢɬɟɥɶɧɨɣ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɫɮɟɪɚɯ, ɧɚɩɪɢɦɟɪ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ɚɤɭ-
ɫɬɢɱɟɫɤɢɯ ɷɤɪɚɧɨɜ, ɝɞɟ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɜɨɥɨɤɧɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ ɜ ɜɢɞɟ ɦɚɬɨɜ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɦɟɠɞɭ ɨɛɲɢɜɤɚɦɢ ɷɤɪɚɧɚ ɥɢɛɨ ɧɚ ɨɞɧɨɣ ɢɡ ɟɝɨ ɫɬɨɪɨɧ. 

Ɂɟɪɧɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɭɛɢɱɟɫɤɭɸ ɢ ɝɟɤɫɚɝɨ-
ɧɚɥɶɧɭɸ ɭɤɥɚɞɤɭ ɲɚɪɨɨɛɪɚɡɧɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ (ɧɚɩɪɢɦɟɪ, ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɩɟɪɥɢɬɚ, 
ɜɟɪɦɢɤɭɥɢɬɚ, ɝɪɚɧɭɥ ɜɫɩɟɧɟɧɧɨɝɨ ɫɬɟɤɥɚ). Ɇɚɬɟɪɢɚɥɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɬɥɢɱɚɸɬɫɹ ɧɚɢɦɟ-
ɧɟɟ ɪɚɜɧɨɦɟɪɧɵɦ ɯɚɪɚɤɬɟɪɨɦ ɩɨɝɥɨɳɟɧɢɹ ɜ ɲɢɪɨɤɨɦ ɱɚɫɬɨɬɧɨɦ ɞɢɚɩɚɡɨɧɟ, ɨɞɧɚɤɨ ɞɥɹ 
ɞɚɧɧɨɝɨ ɬɢɩɚ ɦɚɬɟɪɢɚɥɨɜ ɜɨɡɦɨɠɧɨ ɫɨɡɞɚɧɢɟ ɠɟɫɬɤɢɯ ɧɟɝɨɪɸɱɢɯ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ 
ɦɚɬɟɪɢɚɥɨɜ ɫ ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɶɸ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɟɲɚɬɶ ɪɹɞ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɡɚɞɚɱ. 

Ɂɜɭɤɨɩɨɝɥɨɳɚɸɳɢɟ ɦɚɬɟɪɢɚɥɵ ɜ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɜ ɩɨɦɟɳɟɧɢɢ ɞɨɥɠɧɵ ɨɛ-
ɥɚɞɚɬɶ ɧɚɛɨɪɨɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ: 

– ɨɛɥɚɞɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɮɨɪɦɵ, ɩɨɡɜɨɥɹɸɳɢɦ ɫɨɡɞɚɜɚɬɶ ɢɡɨɝɧɭɬɵɟ (ɤɪɢɜɨɥɢɧɟɣ-
ɧɵɟ) ɩɨɜɟɪɯɧɨɫɬɢ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɣ ɨɛɥɢɰɨɜɤɢ; 

– ɨɛɟɫɩɟɱɢɬɶ ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɬɪɟɛɨɜɚɧɢɣ – ɛɵɬɶ ɧɟɝɨɪɸɱɢɦɢ ɢ ɧɟ 
ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɨɝɧɹ; 

– ɛɵɬɶ ɬɟɪɦɨ- ɢ ɜɥɚɝɨɫɬɨɣɤɢɦɢ, ɫɨɯɪɚɧɹɬɶ ɫɜɨɢ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɟ ɫɜɨɣɫɬɜɚ ɜ ɬɟɱɟ-
ɧɢɟ ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɷɤɫɩɥɭɚɬɚɰɢɢ; 

– ɞɨɩɭɫɤɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɨɱɢɫɬɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɜɥɚɠɧɵɦ ɫɩɨɫɨɛɨɦ; 
– ɧɟ ɜɵɞɟɥɹɬɶ ɜ ɜɨɡɞɭɯ ɩɨɦɟɳɟɧɢɹ ɧɢɤɚɤɢɯ ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢ ɧɟ ɨɤɚɡɵɜɚɬɶ 

ɜɪɟɞɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɨɩɚɫɧɨɝɨ ɞɥɹ ɡɞɨɪɨɜɶɹ ɥɸɞɟɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɜɨɡɦɨɠɧɵɯ ɨɫɤɨɥ-
ɤɨɜ, ɜɨɥɨɤɨɧ ɢɥɢ «ɤɨɪɨɥɶɤɨɜ»; 

– ɨɛɟɫɩɟɱɢɜɚɬɶ ɥɟɝɤɨɫɬɶ ɦɨɧɬɚɠɚ ɢ ɜɨɡɦɨɠɧɨɫɬɶ, ɜ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ, ɡɚɦɟɧɵ 
ɨɬɞɟɥɶɧɵɯ ɩɨɜɪɟɠɞɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɨɛɥɢɰɨɜɤɢ Д1γЖ. 

Ⱦɥɹ ɩɪɢɦɟɧɟɧɢɹ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɫɨɫɬɚɜɟ ɚɤɭɫɬɢɱɟɫɤɢɯ ɷɤɪɚ-
ɧɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜɞɨɥɶ ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɭɬɟɣ Д14, 15Ж, ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɟɧɢɟ ɫɥɟ-
ɞɭɸɳɢɯ ɬɪɟɛɨɜɚɧɢɣ: 

– ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɣ ɦɚɬɟɪɢɚɥ ɞɨɥɠɟɧ ɨɛɥɚɞɚɬɶ ɫɬɚɛɢɥɶɧɵɦɢ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɢ ɚɤɭɫɬɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ 
ɛɵɬɶ ɛɢɨɫɬɨɣɤɢɦ; 

– ɩɚɧɟɥɢ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɜɯɨɞɢɬ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɣ ɦɚɬɟɪɢɚɥ, ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ ɧɟ ɧɢɠɟ ɩɪɢɜɟɞɟɧɧɵɯ ɡɧɚɱɟɧɢɣ: 
ɋɪɟɞɧɟɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɱɚɫɬɨɬɵ, Ƚɰ 125 250 500 1000 2000 4000 8000 
Ʉɨɧɬɪɨɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ 0,3 0,5 0,8 0,8 0,7 0,6 0,5 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɚɧɨɜɢɬɫɹ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɨɞɧɨɝɨ ɢɡ ɨɩɢ-

ɫɚɧɧɵɯ ɬɢɩɨɜ ɡɚɱɚɫɬɭɸ ɦɨɠɟɬ ɛɵɬɶ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɫɟɯ ɨɩɢɫɚɧɧɵɯ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤ ɥɢɛɨ ɫɬɨɢɦɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɛɭɞɟɬ ɜɵɲɟ ɫɬɨɢɦɨɫɬɢ ɚɧɚɥɨɝɨɜ, ɱɬɨ ɫɞɟɥɚɟɬ 
ɦɚɬɟɪɢɚɥ ɧɟɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɦ. ɋɭɳɟɫɬɜɭɸɳɢɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɚɪɢɚɧɬɵ ɩɪɢ-
ɦɟɧɟɧɢɹ ɜɨɥɨɤɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɱɟɯɥɚɦɢ ɧɟ ɩɨɡɜɨɥɹɸɬ ɜɵɩɨɥɧɢɬɶ ɪɹɞ ɬɪɟɛɨɜɚɧɢɣ, 
ɭɤɚɡɚɧɧɵɯ ɪɚɧɟɟ, ɧɚɩɪɢɦɟɪ ɩɨ ɫɨɯɪɚɧɟɧɢɸ ɫɬɚɛɢɥɶɧɵɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɚɤɭ-
ɫɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɷɤɫɩɥɭɚɬɚɰɢɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɟɞɥɨɠɟɧɚ 
ɤɨɧɰɟɩɰɢɹ ɪɚɡɦɟɳɟɧɢɹ ɜɨɥɨɤɧɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜɧɭɬɪɢ ɱɟɯɥɚ ɢɡ ɹɱɟɢɫɬɨɝɨ ɜɨɡɞɭɯɨ-
ɩɪɨɧɢɰɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɨɛɥɚɞɚɸɳɟɝɨ ɜɵɫɨɤɢɦɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢ-
ɤɚɦɢ, ɚ ɬɚɤɠɟ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɮɨɪɦɵ, ɩɨɡɜɨɥɹɸɳɢɦ ɫɨɡɞɚɜɚɬɶ ɢɡɨɝɧɭɬɵɟ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɫ ɩɨɦɨɳɶɸ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɣ ɨɛɥɢɰɨɜɤɢ. 
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ȼɨ ɎȽɍɉ «ȼɂȺɆ» ɪɚɡɪɚɛɨɬɚɧɚ ɩɨɥɢɦɟɪɧɚɹ ɤɨɦɩɨɡɢɰɢɨɧɧɚɹ ɡɜɭɤɨɩɨɝɥɨɳɚɸ-
ɳɚɹ ɩɚɧɟɥɶ ɦɚɪɤɢ ȼɌɂ-β6, ɢɡɝɨɬɨɜɥɟɧɧɚɹ ɢɡ ɩɟɧɨɩɨɥɢɭɪɟɬɚɧɚ, ɫ ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɜɧɭɬ-
ɪɢ ɫɥɨɟɦ ɛɚɡɚɥɶɬɨɜɨɣ ɜɚɬɵ (ɫɦ. ɪɢɫɭɧɨɤ). ȼɨɥɨɤɧɢɫɬɵɣ ɦɚɬɟɪɢɚɥ ɪɚɡɦɟɳɚɟɬɫɹ ɜɧɭɬɪɢ 
ɹɱɟɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɜɫɩɟɧɢɜɚɧɢɢ ɩɨɫɥɟɞɧɟɝɨ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɤɥɸɱɢɬɶ ɧɟɨɛɯɨɞɢ-
ɦɨɫɬɶ ɜ ɩɪɢɦɟɧɟɧɢɢ ɤɥɟɟɜɵɯ ɫɥɨɟɜ ɞɥɹ ɡɚɤɪɟɩɥɟɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɫɧɢɡɢɬɶ ɫɬɨɢɦɨɫɬɶ ɢ 
ɦɚɫɫɭ. ɗɬɨ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɠɟɫɬɤɨɝɨ ɫɥɨɹ ɜɧɭɬɪɢ ɦɚɬɟɪɢɚɥɚ, ɭɯɭɞɲɚɸɳɟɝɨ 
ɚɤɭɫɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

 

 
Ɂɜɭɤɨɩɨɝɥɨɳɚɸɳɚɹ ɩɚɧɟɥɶ ɦɚɪɤɢ ȼɌɂ-26 

 
ɉɚɧɟɥɶ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɬ -60 ɞɨ +80°ɋ, ɱɬɨ 

ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɟ ɜɨ ɜɫɟɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ. ɉɚɧɟɥɶ ɹɜɥɹɟɬɫɹ ɬɪɭɞɧɨɫɝɨɪɚ-
ɸɳɟɣ, ɱɬɨ ɪɚɫɲɢɪɹɟɬ ɫɩɟɤɬɪ ɨɛɴɟɤɬɨɜ, ɜ ɤɨɬɨɪɵɯ ɜɨɡɦɨɠɧɨ ɛɟɡɨɩɚɫɧɨɟ ɞɥɹ ɱɟɥɨɜɟɤɚ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɚɤɭɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɦɚɪ-
ɤɢ ȼɁɆɄ-1 ɩɪɨɜɨɞɢɥɢ ɧɚ ɢɡɦɟɪɢɬɟɥɶɧɨɦ ɤɨɦɩɥɟɤɫɟ Pulse Material Testing ɮɢɪɦɵ Brüel 
& Kjær Sound & Vibration Measurement A/S (B&K) ɞɜɭɯɦɢɤɪɨɮɨɧɧɵɦ ɦɟɬɨɞɨɦ (ɦɟɬɨɞ 
ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ) ɩɪɢ ɭɪɨɜɧɟ ɲɭɦɚ ɞɨ 1β0 ɞȻ ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ ɨɬ 50 ɞɨ 6400 Ƚɰ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɟɜɪɨɩɟɣɫɤɨɦɭ ɫɬɚɧɞɚɪɬɭ ISO 105γ4-β «AМШЮsЭТМs – Determination of 
sound absorption coefficient and impedance in impedance tubes – Transfer-ПЮЧМЭТШЧ ЦОЭСШН» 
(«Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ ɢ ɢɦɩɟɞɚɧɫɚ ɜ ɢɦɩɟɞɚɧɫɧɵɯ ɬɪɭɛɚɯ. 
Ɇɟɬɨɞ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ») ɢ ɚɦɟɪɢɤɚɧɫɤɨɦɭ ɫɬɚɧɞɚɪɬɭ ASTM E1050 «SЭКЧНКrН 
Test Method for Impedance and Absorption of Acoustical Materials Using A Tube, Two 
MТМrШЩСШЧОs КЧН A DТРТЭКХ FrОqЮОЧМв AЧКХвsТs SвsЭОЦ» («Ɇɟɬɨɞ ɢɡɦɟɪɟɧɢɹ ɢɦɩɟɞɚɧɫɚ ɢ 
ɩɨɝɥɨɳɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɫ ɩɨɦɨɳɶɸ ɬɪɭɛɵ, ɞɜɭɯ ɦɢɤɪɨɮɨɧɨɜ ɢ ɰɢɮɪɨɜɨɣ ɫɢɫɬɟɦɵ ɱɚ-
ɫɬɨɬɧɨɝɨ ɚɧɚɥɢɡɚ»). 

ɇɚ ɭɤɚɡɚɧɧɨɦ ɤɨɦɩɥɟɤɫɟ ɞɜɭɯɦɢɤɪɨɮɨɧɧɵɦ ɦɟɬɨɞɨɦ ɨɩɪɟɞɟɥɹɥɢ ɤɨɷɮɮɢɰɢɟɧɬ 
ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ ɜ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ ɬɪɭɛɟ ɧɚ ɨɛɪɚɡɰɚɯ ɞɢɫɤɨɨɛɪɚɡɧɨɣ ɮɨɪɦɵ, ɪɚɡ-
ɦɟɳɟɧɧɵɯ ɜ ɬɪɭɛɟ. ɑɟɬɵɪɟɯɦɢɤɪɨɮɨɧɧɵɦ ɦɟɬɨɞɨɦ ɨɩɪɟɞɟɥɹɥɢ ɤɨɷɮɮɢɰɢɟɧɬ ɡɜɭɤɨ-
ɢɡɨɥɹɰɢɢ ɨɛɪɚɡɰɚ. 
 

Ɋɟɡɭɥɶɬɚɬɵ 
Ɉɩɢɫɚɧɧɨɟ ɪɟɲɟɧɢɟ ɩɨɡɜɨɥɢɥɨ ɞɨɛɢɬɶɫɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ ɜ ɲɢ-

ɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ ɛɟɡ ɧɚɥɢɱɢɹ ɫɜɨɣɫɬɜɟɧɧɨɝɨ ɹɱɟɢɫɬɵɦ ɦɚɬɟɪɢɚɥɚɦ ɥɨɤɚɥɶɧɨɝɨ 
ɫɧɢɠɟɧɢɹ ɩɨɝɥɨɳɚɸɳɢɯ ɫɜɨɣɫɬɜ. Ʉɨɷɮɮɢɰɢɟɧɬ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ ɩɪɢ ɬɨɥɳɢɧɟ ɩɥɢɬɵ 
7 ɫɦ ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ ɨɬ β00 ɞɨ 6400 Ƚɰ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 0,64 ɞɨ 0,99. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ 
ɜɵɫɨɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɜɭɤɨɢɡɨɥɹɰɢɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɡɜɭɤɨɩɨɝɥɨ-
ɳɚɸɳɢɦɢ ɦɚɬɟɪɢɚɥɚɦɢ, ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɪɟɡɢɧɨɩɨɞɨɛɧɵɯ ɫɥɨɟɜ ɩɨɥɢɭɪɟɬɚɧɚ.  
Ʉɨɷɮɮɢɰɢɟɧɬ ɡɜɭɤɨɢɡɨɥɹɰɢɢ ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ ɨɬ 100 ɞɨ 6400 Ƚɰ ɫɨɫɬɚɜɥɹɟɬ ɨɬ β6,94 
ɞɨ 46,9γ ɞȻ. ȼɵɛɪɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɤɨɧɰɟɩɰɢɹ ɩɨɡɜɨɥɹɸɬ ɩɪɨɢɡɜɨɞɢɬɶ ɧɚɫɬɪɨɣɤɭ 
ɚɤɭɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɚɧɟɥɢ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɩɨɪɢɫɬɨɫɬɢ ɹɱɟɢɫɬɨɝɨ ɫɥɨɹ, ɜɵ-
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ɛɨɪɚ ɜɨɥɨɤɧɢɫɬɨɝɨ ɫɥɨɹ, ɚ ɬɚɤɠɟ ɢɡɦɟɧɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɹ ɬɨɥɳɢɧ ɜɨɥɨɤɧɢɫɬɨɝɨ ɫɥɨɹ, 
ɮɪɨɧɬɚɥɶɧɨɝɨ ɢ ɬɵɥɶɧɨɝɨ ɹɱɟɢɫɬɵɯ ɫɥɨɟɜ. 

Ɂɜɭɤɨɩɨɝɥɨɳɚɸɳɢɟ ɦɚɬɟɪɢɚɥɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɭɫɬɨɣɱɢɜɵ ɤ ɜɨɡɞɟɣɫɬɜɢɸ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɉɨɫɤɨɥɶɤɭ ɩɨɝɥɨɳɟɧɢɟ ɜ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɚɯ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ 
ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɜɨɡɞɭɲɧɵɯ ɩɨɥɨɫɬɟɣ ɢ ɪɚɡɥɢɱɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɫɬɪɭɤɬɭɪɵ, ɬɨ ɷɬɨ 
ɢ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɭɯɭɞɲɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ ɫɥɭɱɚɹɯ ɜɧɟɲɧɢɯ 
ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. ɉɨɩɚɞɚɧɢɟ ɜɥɚɝɢ ɢ ɩɵɥɢ ɜ ɜɨɡɞɭɲɧɵɟ ɩɨɥɨɫɬɢ ɢ ɩɨɪɵ 
ɜɧɭɬɪɢ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɪɟ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɱɬɨ ɫɨ ɜɪɟɦɟɧɟɦ 
ɜɟɞɟɬ ɤ ɩɨɥɧɨɣ ɩɨɬɟɪɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɨɩɪɨɫ ɩɨɜɵɲɟɧɢɹ ɫɬɨɣ-
ɤɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɜɥɚɝɢ ɢ ɩɵɥɢ ɪɟɲɚɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɝɢɞɪɨɮɨɛɢɡɚɰɢɢ 
ɦɚɬɪɢɰɵ ɦɚɬɟɪɢɚɥɚ. ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜɜɟɞɟɧɢɹ 
ɝɢɞɪɨɮɨɛɢɡɚɬɨɪɚ ɜ ɦɚɫɫɭ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɬɨɢɦɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɡɚ ɫɱɟɬ 
ɛɨɥɶɲɨɝɨ ɪɚɫɯɨɞɚ ɝɢɞɪɨɮɨɛɢɡɚɬɨɪɚ. Ɇɟɪɵ ɩɨ ɝɢɞɪɨɮɨɛɢɡɚɰɢɢ ɬɚɤɠɟ ɨɫɬɚɜɥɹɸɬ ɧɟ ɪɟ-
ɲɟɧɧɨɣ ɩɪɨɛɥɟɦɭ ɡɚɳɢɬɵ ɨɬ ɩɵɥɢ. ɉɪɢɦɟɧɟɧɢɟ ɡɚɳɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɩɨɤɪɵɬɢɣ) ɩɨɡ-
ɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɨɩɢɫɚɧɧɵɯ ɩɪɨɛɥɟɦ, ɚ ɬɚɤɠɟ ɩɪɨɜɨɞɢɬɶ ɜɥɚɠɧɭɸ ɨɱɢɫɬɤɭ, ɱɬɨ ɩɨɜɵ-
ɲɚɟɬ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɩɨɦɟɳɟɧɢɹɯ. 

Ⱦɥɹ ɛɨɪɶɛɵ ɫ ɞɚɧɧɵɦɢ ɧɟɝɚɬɢɜɧɵɦɢ ɜɨɡɞɟɣɫɬɜɢɹɦɢ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɧɢɟ ɡɚ-
ɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɢɥɢ ɛɚɪɶɟɪɧɵɯ ɫɥɨɟɜ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɵɥɟ- ɢ ɜɥɚɝɨ-
ɫɬɨɣɤɨɫɬɶ, ɛɟɡ ɧɟɝɚɬɢɜɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɟ ɫɜɨɣɫɬɜɚ. 

ȼ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɩɚɧɟɥɢ ɧɚ ɮɪɨɧɬɚɥɶɧɨɣ ɢ ɬɵɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɮɨɪ-
ɦɨɜɚɧɢɹ ɨɛɪɚɡɭɟɬɫɹ ɦɢɤɪɨɩɨɪɢɫɬɚɹ ɩɨɥɢɭɪɟɬɚɧɨɜɚɹ ɩɥɟɧɤɚ, ɤɨɬɨɪɚɹ ɡɚɳɢɳɚɟɬ ɩɚɧɟɥɶ ɨɬ 
ɜɨɡɞɟɣɫɬɜɢɹ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ, ɨɤɚɡɵɜɚɹ ɦɢɧɢɦɚɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɚɤɭɫɬɢɱɟɫɤɢɟ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ. ɇɚɥɢɱɢɟ ɞɚɧɧɨɣ ɩɥɟɧɤɢ ɧɚ ɮɪɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɭɜɟɥɢɱɢɜɚɟɬ 
ɝɢɞɪɨɮɨɛɧɨɫɬɶ ɩɚɧɟɥɢ ɢ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɜɥɚɠɧɭɸ ɨɱɢɫɬɤɭ ɛɟɡ ɭɳɟɪɛɚ ɞɥɹ ɡɜɭɤɨɩɨ-
ɝɥɨɳɚɸɳɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɚ ɬɚɤɠɟ ɭɦɟɧɶɲɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɩɵɥɢ ɢ ɢɧɨɪɨɞɧɵɯ ɱɚɫɬɢɰ, 
ɩɨɩɚɞɚɸɳɢɯ ɜ ɩɨɪɵ ɦɚɬɟɪɢɚɥɚ. Ⱦɚɧɧɨɟ ɬɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɢɦɟɟɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ 
ɩɟɪɟɞ ɞɪɭɝɢɦɢ ɜɚɪɢɚɧɬɚɦɢ ɡɚɳɢɬɵ ɦɚɬɟɪɢɚɥɚ – ɬɚɤɢɦɢ ɤɚɤ ɡɚɳɢɬɧɵɟ ɩɥɟɧɤɢ, ɦɚɬɟɪɢɚɥɵ 
ɢɥɢ ɤɪɚɫɤɢ, ɬɚɤ ɤɚɤ ɧɟ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ ɩɨ ɩɪɢɤɥɟɣɤɟ ɢɥɢ ɨɤɪɚɫɤɟ ɩɨ-
ɜɟɪɯɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ ɡɚɳɢɬɧɵɟ ɦɚɬɟɪɢɚɥɵ. Ɉɞɧɚɤɨ ɧɟɨɛɯɨɞɢɦɨ 
ɧɚɥɢɱɢɟ ɨɫɧɚɫɬɤɢ ɫ ɚɧɬɢɚɞɝɟɡɢɜɧɵɦ ɩɨɤɪɵɬɢɟɦ ɢ ɪɨɜɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɛɟɡ ɞɟɮɟɤɬɨɜ. 

ȼɥɚɝɨɩɨɝɥɨɳɟɧɢɟ ɩɚɧɟɥɢ ɩɪɢ ɜɥɚɠɧɨɫɬɢ φ=8% ɜ ɬɟɱɟɧɢɟ 15 ɫɭɬ ɫɨɫɬɚɜɥɹɟɬ ɜ 
ɫɪɟɞɧɟɦ 5,β9%, ɱɬɨ ɹɜɥɹɟɬɫɹ ɛɨɥɶɲɢɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɨɥɶɡɭɸɳɢ-
ɦɢɫɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɛɚɡɚɥɶɬɨɜɵɦɢ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɦɢ ɦɚɬɟɪɢɚɥɚɦɢ, ɛɵɫɬɪɨ ɬɟ-
ɪɹɸɳɢɦɢ ɫɜɨɢ ɚɤɭɫɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɜɥɚɝɢ. ɉɨ ɩɨɤɚɡɚɬɟɥɹɦ ɜɥɚɝɨ-
ɩɨɝɥɨɳɟɧɢɹ ɦɚɬɟɪɢɚɥ ɨɛɥɚɞɚɟɬ ɛɨɥɶɲɢɦ ɡɚɩɚɫɨɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ βγ499–2009 – 
ɫɨɪɛɰɢɨɧɧɚɹ ɜɥɚɠɧɨɫɬɶ ɚɤɭɫɬɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɢɡɞɟɥɢɣ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɛɨɥɟɟ 10% 
ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɜ ɬɟɱɟɧɢɟ γ ɫɭɬ. 

Ɇɚɬɟɪɢɚɥ ɨɬɥɢɱɚɟɬɫɹ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶɸ ɢ ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɶɸ ɛɥɚɝɨɞɚɪɹ ɢɫɤɥɸ-
ɱɟɧɢɸ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɨɩɟɪɚɰɢɣ ɩɨ ɡɚɳɢɬɟ ɨɬ ɜɥɚɝɢ ɢ ɩɵɥɢ, ɚ ɬɚɤɠɟ ɨɬ-
ɫɭɬɫɬɜɢɸ ɤɥɟɟɜɵɯ ɫɨɫɬɚɜɨɜ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ ɜɨɥɨɤɧɢɫɬɨɝɨ ɢ ɹɱɟɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

 
Ɉɛɫɭɠɞɟɧɢɟ ɢ ɡɚɤɥɸɱɟɧɢɹ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɤɨɧɰɟɩɰɢɹ ɩɨɡɜɨɥɹɟɬ ɭɞɟɲɟɜɢɬɶ ɦɚɬɟɪɢɚɥ ɨɬɧɨɫɢ-
ɬɟɥɶɧɨ ɜɚɪɢɚɧɬɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɨɥɶɤɨ ɩɨɥɢɭɪɟɬɚɧɨɜɨɣ ɩɟɧɵ, ɚ ɬɚɤɠɟ ɡɚ ɫɱɟɬ ɬɨɝɨ, ɱɬɨ 
ɛɚɡɚɥɶɬɨɜɵɣ ɜɨɥɨɤɧɢɫɬɵɣ ɦɚɬɟɪɢɚɥ ɧɚɯɨɞɢɬɫɹ ɜɧɭɬɪɢ ɛɚɡɚɥɶɬɨɜɨɣ ɩɟɧɵ ɢ ɢɬɨɝɨɜɚɹ ɩɚ-
ɧɟɥɶ ɧɟ ɨɛɥɚɞɚɟɬ ɧɟɞɨɫɬɚɬɤɚɦɢ ɜɨɥɨɤɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɂɫɫɥɟɞɨɜɚɧɵ ɚɤɭɫɬɢɱɟɫɤɢɟ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ ɫɨɨɬɧɨɲɟɧɢɣ ɩɨɥɢɭɪɟɬɚɧɨɜɨɣ ɩɟɧɵ ɢ ɜɨɥɨɤɧɢɫɬɨɝɨ 
ɦɚɬɟɪɢɚɥɚ – ɫ ɰɟɥɶɸ ɧɚɯɨɠɞɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɫ ɚɤɭɫɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɣ. 

ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɨɩɢɫɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɞɚɧɢɹ ɤɪɢɜɨɥɢ-
ɧɟɣɧɨɣ ɮɨɪɦɵ ɢɡɞɟɥɢɸ ɡɚ ɫɱɟɬ ɬɨɱɧɨɝɨ ɩɨɜɬɨɪɟɧɢɹ ɤɨɧɬɭɪɨɜ ɮɨɪɦɵ ɩɪɢ ɜɫɩɟɧɢɜɚɧɢɢ 
ɩɨɥɢɦɟɪɚ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɞɚɧɢɹ ɫɥɨɠɧɨɣ ɨɛɴɟɦɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɢ 
ɫɨɡɞɚɧɢɹ ɫɬɭɩɟɧɱɚɬɵɯ ɛɨɤɨɜɵɯ ɝɪɚɧɟɣ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɢɡɛɟɝɚɬɶ ɩɭɫɬɨɬ ɦɟɠɞɭ ɩɚɧɟ-
ɥɹɦɢ ɩɪɢ ɢɯ ɦɨɧɬɚɠɟ, ɱɬɨ ɩɨɥɨɠɢɬɟɥɶɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɯ ɫɜɨɣɫɬɜɚɯ. 
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ȼɵɛɪɚɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɡɜɨɥɹɸɬ: ɩɪɨɢɡɜɨɞɢɬɶ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɭɸ ɡɜɭɤɨɩɨ-
ɝɥɨɳɚɸɳɭɸ ɩɚɧɟɥɶ, ɤɨɬɨɪɚɹ ɧɟ ɬɪɟɛɭɟɬ ɫɥɨɠɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ; ɩɪɢ-
ɞɚɜɚɬɶ ɦɚɬɟɪɢɚɥɭ ɲɢɪɨɤɭɸ ɝɚɦɦɭ ɰɜɟɬɨɜ (ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɨɫɬɚɜɟ ɤɪɚɫɹɳɟɝɨ 
ɩɢɝɦɟɧɬɚ). Ɍɚɤɨɣ ɦɚɬɟɪɢɚɥ ɨɤɚɡɚɥɫɹ ɞɟɲɟɜɥɟ ɡɚɪɭɛɟɠɧɵɯ ɢ ɪɹɞɚ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɚɧɚɥɨ-
ɝɨɜ. ɇɚ ɩɚɧɟɥɶ ɜɵɩɭɳɟɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɞɨɤɭɦɟɧɬɚɰɢɹ ɢ ɩɨɞɚɧɚ ɡɚɹɜɤɚ ɧɚ ɨɯɪɚɧɨ-
ɫɩɨɫɨɛɧɨɟ ɬɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ. 

ɉɪɢɦɟɧɟɧɢɟ ɩɨɥɢɦɟɪɧɨɣ ɤɨɦɩɨɡɢɰɢɨɧɧɨɣ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɣ ɩɚɧɟɥɢ ɦɚɪɤɢ 
ȼɌɂ-β6 ɜɨɡɦɨɠɧɨ ɜ ɫɨɫɬɚɜɟ ɚɤɭɫɬɢɱɟɫɤɢɯ ɷɤɪɚɧɨɜ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɨɛɟɫɩɟɱɢɬɶ ɜɵɩɨɥɧɟ-
ɧɢɟ ɧɚ ɩɪɢɥɟɝɚɸɳɢɯ ɤ ɬɪɚɧɫɩɨɪɬɧɵɦ ɦɚɝɢɫɬɪɚɥɹɦ ɬɟɪɪɢɬɨɪɢɹɯ ɫɚɧɢɬɚɪɧɵɯ ɧɨɪɦ ɩɨ 
ɭɪɨɜɧɸ ɲɭɦɚ ɨɬ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ, ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɬɟɪɪɢɬɨɪɢɹɯ – ɫɚɧɢɬɚɪ-
ɧɵɯ ɧɨɪɦ ɩɨ ɭɪɨɜɧɸ ɲɭɦɚ ɨɬ ɪɚɛɨɬɚɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɧɨɪɦ ɜ ɫɩɟɰɢɚɥɢɡɢ-
ɪɨɜɚɧɧɵɯ ɩɨɦɟɳɟɧɢɹɯ, ɬɚɤɢɯ ɤɚɤ ɡɜɭɤɨɡɚɩɢɫɵɜɚɸɳɢɟ ɫɬɭɞɢɢ, ɛɟɡɷɯɨɜɵɟ ɤɚɦɟɪɵ, ɤɨɧ-
ɰɟɪɬɧɵɟ ɡɚɥɵ ɢ ɬ. ɞ. 
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β016. №4. ɋɬ. 09. URL: СЭЭЩ://ааа.ЯТКЦ-works.ru (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: β0.06.β016). DOI: 
10.18577/2307-6046-2016-0-4-9-9. 

11. ɒɚɲɤɟɟɜ Ʉ.Ⱥ., ɒɭɥɶɞɟɲɨɜ ȿ.Ɇ., ɉɨɩɤɨɜ Ɉ.ȼ., Ʉɪɚɟɜ ɂ.Ⱦ., ɘɪɤɨɜ Ƚ.ɘ. ɉɨɪɢɫɬɵɟ ɡɜɭɤɨɩɨɝɥɨ-
ɳɚɸɳɢɟ ɦɚɬɟɪɢɚɥɵ (ɨɛɡɨɪ) // Ɍɪɭɞɵ ȼɂȺɆ: ɷɥɟɤɬɪɨɧ. ɧɚɭɱ.-ɬɟɯɧɢɱ. ɠɭɪɧ. β016. №6. ɋɬ. 06. URL: 
http://www.viam-аШrФs.rЮ (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: β0.06.β016). DOI: 10.18577/βγ07-6046-2016-0-6-6-6. 

1β. ɋɵɬɵɣ ɘ.ȼ., ɋɚɝɨɦɨɧɨɜɚ ȼ.Ⱥ., Ʉɢɫɥɹɤɨɜɚ ȼ.ɂ., Ȼɨɥɶɲɚɤɨɜ ȼ.Ⱥ. ȼɢɛɪɨɩɨɝɥɨɳɚɸɳɢɟ ɦɚɬɟ-
ɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɬɟɪɦɨɷɥɚɫɬɨɩɥɚɫɬɨɜ // Ɍɪɭɞɵ ȼɂȺɆ: ɷɥɟɤɬɪɨɧ. ɧɚɭɱ.-ɬɟɯɧɢɱ. ɠɭɪɧ. β01γ. 
№γ. ɋɬ. 06. URL: http://www.viam-works.ru (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: 01.0γ.β017). 

1γ. ɋɉ βγ-104–β004. Ɉɰɟɧɤɚ ɲɭɦɚ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ, ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɴɟɤ-
ɬɨɜ ɦɟɬɪɨɩɨɥɢɬɟɧɚ. Ɇ., β004. 7 ɫ. 

14. ȽɈɋɌ γγγβ9–β015. ɗɤɪɚɧɵ ɚɤɭɫɬɢɱɟɫɤɢɟ ɞɥɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. Ɍɟɯɧɢɱɟɫɤɢɟ 
ɬɪɟɛɨɜɚɧɢɹ. Ɇ., β015. 10 ɫ. 

15. ȽɈɋɌ γβ957–β014. Ⱦɨɪɨɝɢ ɚɜɬɨɦɨɛɢɥɶɧɵɟ ɨɛɳɟɝɨ ɩɨɥɶɡɨɜɚɧɢɹ. ɗɤɪɚɧɵ ɚɤɭɫɬɢɱɟɫɤɢɟ. Ɍɟɯ-
ɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ. 11 ɫ. 
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ɍȾɄ 66.014:541.64 
 
Ɋ.Ɋ. Ɇɭɯɚɦɟɬɨɜ1, Ʉ.Ɋ. Ⱥɯɦɚɞɢɟɜɚ1, ɇ.Ⱥ. ɋɨɥɨɜɶɟɜɚ1, Ⱥ.ɂ. Ƚɭɥɹɟɜ1 
 
ɉɈȼɕɒȿɇɂȿ  ȼɈȾɈɋɌɈɃɄɈɋɌɂ 
ȻɂɋɆȺɅȿɂɆɂȾɇɈȽɈ  ɋȼəɁɍɘɓȿȽɈ 
 
DOI: 10.18577/2307-6046-2017-0-5-8-8 
 

Ɋɚɡɪɚɛɨɬɚɧɨ ɛɢɫɦɚɥɟɢɦɢɞɧɨɟ ɫɜɹɡɭɸɳɟɟ ɫ ɩɨɜɵɲɟɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɜɨɡɞɟɣ-
ɫɬɜɢɸ ɜɥɚɝɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɫɨɫɬɚɜɟ ɫɜɹɡɭɸɳɟɝɨ ɚɥɥɢɥɶɧɨɝɨ ɢ ɩɪɨɩɟɧɢɥɶɧɨɝɨ ɨɬɜɟɪɞɢ-
ɬɟɥɹ ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɫɟɬɱɚɬɵɣ ɫɬɪɭɤɬɭɪɧɨ-ɷɥɚɫɬɢɮɢɰɢɪɨɜɚɧɧɵɣ ɫɨɩɨɥɢɢɦɢɞ. ȼɵ-
ɛɨɪ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ, ɜɚɪɶɢɪɨɜɚɧɢɟ 
ɜɪɟɦɟɧɢ ɫɢɧɬɟɡɚ ɩɨɡɜɨɥɢɥɢ ɩɨɥɭɱɢɬɶ ɬɟɯɧɨɥɨɝɢɱɧɵɣ ɛɟɡɪɚɫɬɜɨɪɧɵɣ ɫɨɫɬɚɜ ɛɢɫɦɚɥɟ-
ɢɦɢɞɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɨ 200°ɋ ɜɨ ɜɥɚɠɧɨɣ ɫɪɟɞɟ. 

Кɥюɱɟɜыɟ ɫɥɨɜɚ: ɛɢɫɦɚɥɟɢɦɢɞɧɨɟ ɫɜɹɡɭɸɳɟɟ, ɩɪɨɩɟɧɢɥɶɧɵɣ ɨɬɜɟɪɞɢɬɟɥɶ ɛɢɫɦɚɥɟɢɦɢ-
ɞɨɜ, ɫɬɪɭɤɬɭɪɧɨ-ɷɥɚɫɬɢɮɢɰɢɪɨɜɚɧɧɵɣ ɫɨɩɨɥɢɢɦɢɞ, ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɛɢɫɦɚɥɟɢɦɢɞɨɜ. 

 
Bismaleimide binder was developed with high resistance to water. Using a part of the binder 

allyl and propenyl hardener yielded net structurally elasticized co-polyimide. The choice of a 
ratio of components, the use of active diluents, the variation in time of synthesis allowed to ob-
tain without solvent of bismaleimide binder composition for the manufacture of composite mate-
rТКХs аТtС ШЩОrКtТnР tОmЩОrКtЮrО ЮЩ tШ 200°C Тn К СЮmТН ОnЯТrШnmОnt. 

Keywords: bismaleimide binder, propenyl hardener of bismaleimides, structurally elasti-
cized copolyimide, the microstructure of bismaleimides. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
state unitary enterprise «AХХ-RЮssТКЧ sМТОЧЭТПТМ rОsОКrМС ТЧsЭТЭЮЭО ШП КЯТКЭТШЧ ЦКЭОrТКХs» State research center 
of the Russian Federation]; e-mail: admin@viam.ru 
 

ȼɜɟɞɟɧɢɟ 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 4. 

«ɂɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ, ɚɞɚɩɬɢɜɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɩɨɤɪɵɬɢɹ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟ-
ɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ») Д1Ж. 

ȼ ɫɜɹɡɢ ɫ ɢɧɬɟɧɫɢɜɧɵɦ ɪɚɡɜɢɬɢɟɦ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɯɧɢɤɢ ɜɨɡɪɚɫɬɚɸɬ ɬɪɟɛɨɜɚɧɢɹ 
ɤ ɩɨɥɢɦɟɪɧɵɦ ɦɚɬɟɪɢɚɥɚɦ (ɉɆ) ɜ ɫɬɪɟɦɥɟɧɢɢ ɩɪɟɞɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧ-
ɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɢ ɫɨɯɪɚɧɢɬɶ ɛɨ ɥɶɲɭɸ ɱɚɫɬɶ ɢɫɯɨɞɧɵɯ ɫɜɨɣɫɬɜ ɜ ɲɢɪɨɤɨɦ ɬɟɦɩɟɪɚɬɭɪ-
ɧɨɦ ɞɢɚɩɚɡɨɧɟ. Ɍɚɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɨɥɢɦɟɪɚɦ ɢ ɉɆ ɨɫɨɛɟɧɧɨ ɬɪɭɞɧɨɜɵɩɨɥɧɢɦɵ ɜ ɬɟɯ 
ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɧɚɝɪɭɠɟɧɧɵɣ ɦɚɬɟɪɢɚɥ ɞɥɢɬɟɥɶɧɨ ɪɚɛɨɬɚɟɬ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚ-
ɬɭɪɚɯ ɢ ɜɥɚɠɧɨɫɬɢ. ɋɧɢɠɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨɥɢɦɟɪɨɜ ɢ ɉɆ ɤ ɜɵɫɨɤɢɦ ɬɟɦɩɟɪɚɬɭɪɚɦ 
ɢ ɜɥɚɠɧɨɫɬɢ ɜɵɡɵɜɚɟɬ ɩɨɬɟɪɸ ɠɟɫɬɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ, ɧɚɪɭɲɟɧɢɟ ɝɟɪɦɟɬɢɱɧɨɫɬɢ, ɧɟ-
ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɩɨ ɨɛɴɟɦɭ ɦɚɬɟɪɢɚɥɚ, ɫɧɢɠɟɧɢɟ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɢ ɞɪ. Дβ–9]. 

Ȼɢɫɦɚɥɟɢɦɢɞɧɵɟ (ȻɆɂ) ɫɜɹɡɭɸɳɢɟ ɛɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɬɟɤɥɨɜɚ-
ɧɢɹ ɢ ɯɨɪɨɲɢɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɩɨɥɢɦɟɪ-
ɧɵɯ ɦɚɬɪɢɰ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡɞɟɥɢɣ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
(ɉɄɆ), ɞɥɢɬɟɥɶɧɨ ɷɤɫɩɥɭɚɬɢɪɭɸɳɢɯɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ ββ0–β50°ɋ (ɫɭɯɨɟ ɫɨɫɬɨɹ-
ɧɢɟ) ɢ 180°ɋ (ɩɪɢ ɪɚɜɧɨɜɟɫɧɨɦ ɜɨɞɨɩɨɝɥɨɳɟɧɢɢ) Д10–14Ж. Ʉɪɢɬɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 
ɞɥɹ ȻɆɂ ɹɜɥɹɸɬɫɹ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ ɢ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ – ɩɪɟɠɞɟ ɜɫɟɝɨ ɩɪɢ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɢ ɢɯ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɢɡɞɟɥɢɣ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɢ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ 
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ɤɨɧɫɬɪɭɤɰɢɣ ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ Д15Ж. ɋɧɢɠɟɧɢɟ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ ȻɆɂ ɞɨ-
ɫɬɢɝɚɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɨɬɜɟɪɞɢɬɟɥɟɣ ɚɥɥɢɥɶɧɵɯ ɢ ɩɪɨɩɟɧɢɥɶɧɵɯ ɫɨ-
ɟɞɢɧɟɧɢɣ (ȻɆɂ ɜɬɨɪɨɝɨ ɩɨɤɨɥɟɧɢɹ), ɤɨɬɨɪɵɟ ɜ ɭɫɥɨɜɢɹɯ ɨɬɜɟɪɠɞɟɧɢɹ ɧɟ ɝɨɦɨɩɨɥɢɦɟ-
ɪɢɡɭɸɬɫɹ, ɚ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɢ ɫ ȻɆɂ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɫɟɬɱɚɬɵɣ 
ɫɬɪɭɤɬɭɪɧɨ-ɷɥɚɫɬɢɮɢɰɢɪɨɜɚɧɧɵɣ ɫɨɩɨɥɢɢɦɢɞ ɫ ɧɢɡɤɢɦ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟɦ ɢ ɜɵɫɨɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɬɟɤɥɨɜɚɧɢɹ. Ƚɪɭɩɩɭ ɚɥɥɢɥɶɧɵɯ ɨɬɜɟɪɞɢɬɟɥɟɣ ɫɨɫɬɚɜɥɹɸɬ ɬɚɤɢɟ ɫɨɟɞɢ-
ɧɟɧɢɹ, ɤɚɤ ɛɢɫɚɥɥɢɥɮɟɧɨɥɵ (ɫɜɹɡɭɸɳɟɟ ɦɚɪɤɢ Matrimid 5292B), ɛɢɫɚɥɥɢɥɮɟɧɢɥɵ (ɫɦɟ-
ɫɢ ɢɡɨɦɟɪɨɜ ɦɚɪɨɤ ɌɆ-1β1, ɌɆ-1β0 ɢ ɞɪ.), ɛɢɫɩɪɨɩɟɧɢɥɮɟɧɨɤɫɢɥɵ (ɦɚɪɨɤ ɌɆ 1βγ-1 ɢ 
ɌɆ 1βγ-β). ɉɪɢ ɨɬɜɟɪɠɞɟɧɢɢ ɤɨɦɩɨɡɢɰɢɣ ɚɥɥɢɥɶɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɩɪɨɬɟɤɚɸɬ ɪɟɚɤɰɢɢ 
ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɨ ɤɪɚɬɧɨɣ ɫɜɹɡɢ ȻɆɂ ɫ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɨɣ ɜ ɚɥɥɢɥɮɟɧɨ-
ɥɟ (ENE-ɪɟɚɤɰɢɹ), ɡɚ ɤɨɬɨɪɨɣ ɫɥɟɞɭɟɬ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɟ ɩɨ ɪɟɚɤɰɢɢ Ⱦɢɥɶɫɚ–Ⱥɥɶɞɟɪɚ. 
ɂɡɦɟɧɹɹ ɫɨɨɬɧɨɲɟɧɢɟ ɚɥɥɢɥɶɧɵɯ ɢ ɩɪɨɩɟɧɢɥɶɧɵɯ ɨɬɜɟɪɞɢɬɟɥɟɣ, ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɟɧɢɟ 
ȻɆɂ ɫ ɧɚɢɥɭɱɲɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɬɟɩɥɨɫɬɨɣɤɨɫɬɢ ɢ ɜɨɞɨɫɬɨɣɤɨɫɬɢ Д16Ж. 

ɋɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ ɨɬɜɟɪɠɞɟɧɧɵɯ ȻɆɂ-ɫɜɹɡɭɸɳɢɯ ɨɫɨɛɟɧɧɨ 
ɚɤɬɭɚɥɶɧɨ, ɩɨɫɤɨɥɶɤɭ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟ-
ɦɹ ɧɚɛɥɸɞɚɟɬɫɹ ɬɟɧɞɟɧɰɢɹ ɡɚɦɟɧɵ ɷɩɨɤɫɢɩɥɚɫɬɨɜ ɧɚ ɛɨɥɟɟ ɬɟɩɥɨ- ɢ ɨɝɧɟɫɬɨɣɤɢɟ ɦɚɥɟ-
ɢɦɢɞɨɩɥɚɫɬɵ. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

ȼɫɟ ɫɨɟɞɢɧɟɧɢɹ ɩɨɥɭɱɚɥɢ ɢɡ ɤɨɦɦɟɪɱɟɫɤɢɯ ɢɫɬɨɱɧɢɤɨɜ ɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɛɟɡ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ. Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɜɹɡɭɸɳɢɯ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɥɟɞɭɸɳɢɟ ɫɨɟɞɢ-
ɧɟɧɢɹ: Compimid MDAB (1), Compimid ɌɆ-123 (2), Compimid ɌɆ-1β4 (γ) ɮɢɪɦɵ 
Evonic (Ƚɟɪɦɚɧɢɹ) ɢ ɧɟɧɚɫɵɳɟɧɧɭɸ ɩɨɥɢɷɮɢɪɧɭɸ ɫɦɨɥɭ ɦɚɪɤɢ ɌȽɆ-3 (4): 
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Ɉɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɟɤɥɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ 
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚɬɨɪɚ TMA 40β F1 HвЩОrТШЧ ɮɢɪɦɵ 
NОЭгsМС ɫɨɝɥɚɫɧɨ ISO 11γ57-β. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɨɛɪɚɡɰɵ ɜ ɮɨɪ-
ɦɟ ɤɪɭɝɚ ɞɢɚɦɟɬɪɨɦ 5 ɦɦ ɢ ɬɨɥɳɢɧɨɣ ɞɨ β ɦɦ ɫ ɝɥɚɞɤɢɦɢ ɬɨɪɰɟɜɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ. 

Ɋɟɨɥɨɝɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɫɜɹɡɭɸɳɟɝɨ ɩɨɥɭɱɚɥɢ ɧɚ ɜɢɫɤɨɡɢɦɟɬɪɟ Ȼɪɭɤɮɢɥɶɞɚ ɫɢ-
ɫɬɟɦɵ «ɤɨɧɭɫ–ɩɥɢɬɚ», ɦɨɞɟɥɶ CAP β000+ (ɲɩɢɧɞɟɥɶ №1, ɫɤɨɪɨɫɬɶ ɫɞɜɢɝɚ 67 ɫ-1). 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɩɪɨɜɨɞɢɥɢ ɩɨ ȽɈɋɌ β5.604–8β (ɢɡɝɢɛ) ɢ 
ɊȾ 50-675–88 (ɦɟɠɫɥɨɣɧɵɣ ɫɞɜɢɝ) ɧɚ ɭɫɬɚɧɨɜɤɟ LFM-100 (ɒɜɟɣɰɚɪɢɹ), ɩɨ ȽɈɋɌ β5.601–80 
(ɪɚɫɬɹɠɟɧɢɟ) – ɧɚ ɭɫɬɚɧɨɜɤɟ LFM-250. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɲɥɢɮɨɜ ɩɪɨɜɨɞɢɥɢ ɧɚ ɪɚɫɬɪɨɜɨɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ ГОТss 
EVO MA 10 ɩɪɢ ɭɫɤɨɪɹɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ β0 ɤȼ. Ɍɪɚɜɥɟɧɢɟ ɩɪɨɜɨɞɢɥɢ ɜ ɫɪɟɞɟ ɪɚɡɪɟ-
ɠɟɧɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɜɚɤɭɭɦɧɨɣ ɭɫɬɚɧɨɜɤɟ ɞɥɹ ɢɨɧɧɨɝɨ ɬɪɚɜɥɟɧɢɹ FINE COAT JFC-1100 
ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ 500 ȼ ɢ ɩɟɪɟɦɟɧɧɨɦ ɬɨɤɟ 10 ɦȺ ɜ ɬɟɱɟɧɢɟ γ0 ɦɢɧ. ɉɨɥɭɱɟɧɵ ɢɡɨɛɪɚ-
ɠɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɜ ɪɟɠɢɦɟ ɨɛɪɚɬɧɨɨɬɪɚɠɟɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ 
ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ×β0000. ɉɨɞɝɨɬɨɜɤɭ ɢɡɨɛɪɚɠɟɧɢɣ ɤ ɤɨɥɢɱɟɫɬɜɟɧɧɨɦɭ ɚɧɚɥɢɡɭ ɢ ɢɯ ɦɚ-
ɬɟɦɚɬɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɩɨɦɨɳɢ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ Image 
Expert Pro 3x. 

 
Ɇɟɬɨɞɢɤɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫɜɹɡɭɸɳɟɝɨ 

ɋɨɨɬɧɨɲɟɧɢɟ ɫɨɟɞɢɧɟɧɢɣ Compimid ɌɆ-1βγ ɢ Compimid ɌɆ-1β4 ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɨɬɜɟɪɞɢɬɟɥɹ ɜɵɛɢɪɚɥɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ 
ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɟɤɥɨɜɚɧɢɹ ɨɬɜɟɪɠɞɟɧɧɵɯ ȻɆɂ ɤɨɦɩɨɡɢɰɢɣ. ɋɦɟɲɟɧɢɟ ɞɜɭɯ ɨɬɜɟɪɞɢ-
ɬɟɥɟɣ ɜ ɡɚɞɚɧɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ ɩɨɥɭɱɟɧɢɹ 
ɨɞɧɨɪɨɞɧɨɝɨ ɩɪɨɡɪɚɱɧɨɝɨ ɫɦɨɥɨɨɛɪɚɡɧɨɝɨ ɫɨɫɬɚɜɚ. 

Ɉɛɪɚɡɰɵ ȻɆɂ-ɫɜɹɡɭɸɳɢɯ ɩɨɥɭɱɚɥɢ ɜ ɯɢɦɢɱɟɫɤɨɦ ɪɟɚɤɬɨɪɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
120–140°ɋ ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨ ɫɨɫɬɨɹɧɢɹ ɨɞɧɨɪɨɞɧɨɣ ɩɪɨɡɪɚɱɧɨɣ 
ɦɚɫɫɵ. Ɉɬɜɟɪɠɞɟɧɢɟ ɫɜɹɡɭɸɳɢɯ ɩɪɨɜɨɞɢɥɢ ɜ ɚɥɸɦɢɧɢɟɜɵɯ ɱɚɲɟɱɤɚɯ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ 
ɞɢɚɩɚɡɨɧɟ 150–β50°ɋ. ɉɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɩɨɦɟɳɚɥɢ ɜ ɤɢɩɹɳɭɸ ɜɨɞɭ ɧɚ β4 ɱ, ɩɨɫɥɟ 
ɱɟɝɨ ɨɩɪɟɞɟɥɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɫɬɟɤɥɨɜɚɧɢɹ, ɩɪɢɜɟɫ ɨɛɪɚɡɰɨɜ ɢ ɨɰɟɧɢɜɚɥɢ ɜɧɟɲɧɢɣ ɜɢɞ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɥɭɱɟɧɢɹ ɢɡɞɟɥɢɣ ɫ ɜɵɫɨɤɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ-
ɦɢ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɟ ɫɢɫɬɟɦɵ, ɫɨɞɟɪɠɚɳɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɤɨɬɨɪɵɟ 
ɧɟ ɝɨɦɨɩɨɥɢɦɟɪɢɡɭɸɬɫɹ ɜ ɭɫɥɨɜɢɹɯ ɨɬɜɟɪɠɞɟɧɢɹ ɢ ɪɟɚɝɢɪɭɸɬ ɫɨ ɜɬɨɪɵɦ ɤɨɦɩɨɧɟɧɬɨɦ 
ɢ ȻɆɂ Д15]. 

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɟɤɥɨɜɚɧɢɹ ɢ ɜɨɞɨɩɨɝɥɨɳɟ-
ɧɢɹ ɨɬɜɟɪɠɞɟɧɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɜɜɨɞɢɦɨɝɨ ɩɪɨɩɟɧɢɥɶɧɨɝɨ ɨɬɜɟɪɞɢɬɟɥɹ 
ɦɚɪɤɢ CШЦЩТЦТН ɌɆ-123. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɨɬɜɟɪɞɢɬɟɥɹ ɧɚ ɨɫɧɨɜɟ ɫɨɟɞɢɧɟɧɢɣ Compi-
mid ɌɆ-1βγ ɢ Compimid ɌɆ-1β4 ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ 
ɫɬɟɤɥɨɜɚɧɢɹ (Tɫ) ɩɨɫɥɟ ɜɵɞɟɪɠɤɢ ɜ ɤɢɩɹɳɟɣ ɜɨɞɟ ɜ ɬɟɱɟɧɢɟ β4 ɱ. ɂɫɤɥɸɱɟɧɢɟ ɢɡ ɫɨɫɬɚ-
ɜɚ ȻɆɂ ɤɨɦɩɨɡɢɰɢɢ ɌɆ-1βγ (ɧɭɥɟɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ) ɫɧɢɠɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɫɬɟɤɥɨɜɚɧɢɹ 
ɫ β86 (ɪɢɫ. 1, ɤɪɢɜɚɹ 1) ɞɨ β10°ɋ (ɪɢɫ. 1, ɤɪɢɜɚɹ 2). ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɫɨɫɬɚɜɟ ȻɆɂ ɤɨɦ-
ɩɨɡɢɰɢɢ ɌɆ-1βγ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ β0% ɢ ɛɨɥɟɟ, ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ Tɫ ɩɨ-
ɫɥɟ ɜɵɞɟɪɠɤɢ ɜ ɤɢɩɹɳɟɣ ɜɨɞɟ (ɜ ɫɪɟɞɧɟɦ ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ Tɫ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ – 
ɧɚ 6–11°ɋ) (ɪɢɫ. 1, ɤɪɢɜɚɹ 2). ȼɨɞɨɩɨɝɥɨɳɟɧɢɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɫɨɞɟɪɠɚ-
ɧɢɹ ɫɨɟɞɢɧɟɧɢɹ ɌɆ-1βγ ɜɨ ɜɫɟɦ ɢɫɫɥɟɞɭɟɦɨɦ ɞɢɚɩɚɡɨɧɟ (ɪɢɫ. 1, ɤɪɢɜɚɹ 3). Ɍɚɤɢɦ  
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ɨɛɪɚɡɨɦ, ɨɩɬɢɦɚɥɶɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɩɪɨɩɟɧɢɥɶɧɨɝɨ ɨɬɜɟɪɞɢɬɟɥɹ ɹɜɥɹɟɬɫɹ ɞɢɚɩɚɡɨɧ ɨɬ  
β0 ɞɨ γ0%, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɨɟ ɫɨɯɪɚɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ Tɫ ɩɨɫɥɟ ɜɵ-
ɞɟɪɠɤɢ ɜ ɜɨɞɟ ɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɚɢɦɟɧɶɲɟɟ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ. 

 

 
 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɟɤɥɨɜɚɧɢɹ ɢ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɢɫɩɨɥɶɡɭɟ-
ɦɨɝɨ ɫɨɟɞɢɧɟɧɢɹ CШЦЩТЦТН ɌɆ-1βγ ɜ ɫɨɫɬɚɜɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɨɬɜɟɪɞɢɬɟɥɹ: 

1, 2 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɤɥɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɞɨ ɤɢɩɹɱɟɧɢɹ ɢ ɩɨɫɥɟ ɤɢɩɹɱɟɧɢɹ ɜ 
ɬɟɱɟɧɢɟ β4 ɱ; 3 – ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ ɨɛɪɚɡɰɨɜ 

 
ɉɨɥɭɱɟɧɧɚɹ ɤɨɦɩɨɡɢɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɵɫɨɤɨɜɹɡɤɭɸ ɩɪɨɡɪɚɱɧɭɸ ɫɦɨɥɭ 

ɤɨɪɢɱɧɟɜɨɝɨ ɰɜɟɬɚ. ɋɨɱɟɬɚɧɢɟ ɯɨɪɨɲɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ – ɥɢɩɤɨɫɬɶ, ɨɬɫɭɬ-
ɫɬɜɢɟ ɜ ɫɨɫɬɚɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɬɟɤɭɱɟɫɬɶ ɢ ɞɪ. – ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɥɭɱɟɧ-
ɧɨɣ ɤɨɦɩɨɡɢɰɢɢ ɜ ɤɚɱɟɫɬɜɟ ɫɜɹɡɭɸɳɟɝɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɟɩɪɟɝɨɜ, ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɵɯ 
ɩɨ ɪɚɫɩɥɚɜɧɨɣ ɬɟɯɧɨɥɨɝɢɢ. 

Ɇɨɞɢɮɢɤɚɰɢɹ ɩɨɥɭɱɟɧɧɨɣ ɤɨɦɩɨɡɢɰɢɢ ɫ ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɜɹɡɤɨɫɬɢ ɩɨɡɜɨɥɢɬ ɩɟ-
ɪɟɪɚɛɚɬɵɜɚɬɶ ɟɟ ɦɟɬɨɞɨɦ ɩɪɨɩɢɬɤɢ ɩɨɞ ɞɚɜɥɟɧɢɟɦ, ɧɚɦɨɬɤɢ ɢ ɥɢɬɶɟɜɵɦ ɩɪɟɫɫɨɜɚɧɢɟɦ. 
Ⱥɥɥɢɥɫɨɞɟɪɠɚɳɢɟ ɦɨɧɨɦɟɪɵ, ɜɜɨɞɢɦɵɟ ɜ ɫɨɫɬɚɜ ȻɆɂ ɤɨɦɩɨɡɢɰɢɣ, ɢɝɪɚɸɬ ɪɨɥɶ ɚɤ-
ɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ ɢ ɫɨɩɨɥɢɦɟɪɢɡɭɸɬɫɹ ɩɪɢ ɢɯ ɨɬɜɟɪɠɞɟɧɢɢ. ȼɜɟɞɟɧɢɟ ɜ ɫɨɫɬɚɜ 
ɤɨɦɩɨɡɢɰɢɢ γ% (ɩɨ ɦɚɫɫɟ) ɫɨɟɞɢɧɟɧɢɹ ɦɚɪɤɢ ɌȽɆ-γ (4), ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɫɨɛɨɣ ɧɢɡ-
ɤɨɜɹɡɤɭɸ ɫɦɨɥɭ, ɩɨɡɜɨɥɢɥɨ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ ɜɹɡɤɨɫɬɶ ȻɆɂ-ɫɜɹɡɭɸɳɟɝɨ ɢ ɩɨɥɭ-
ɱɢɬɶ ɩɪɟɩɪɟɝɢ ɫ ɬɪɟɛɭɟɦɵɦɢ ɤɨɧɮɟɤɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ȼɜɟɞɟɧɢɟ ɜ ɫɨɫɬɚɜ ɫɦɨɥɵ 
ɫɨɟɞɢɧɟɧɢɹ ɌȽɆ-γ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɫɧɢɠɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɫɬɟɤɥɨɜɚɧɢɹ ɨɬɜɟɪɠɞɟɧɧɨɣ 
ɤɨɦɩɨɡɢɰɢɢ, ɧɨ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɟɬ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ – ɞɨ γ,84%. 

Ⱥɥɥɢɥɶɧɵɟ ɢ ɩɪɨɩɟɧɢɥɶɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɧɟ ɝɨɦɨɩɨɥɢɦɟɪɢɡɭɸɬɫɹ ɜ ɭɫɥɨɜɢɹɯ ɨɬ-
ɜɟɪɠɞɟɧɢɹ, ɚ ɪɟɚɝɢɪɭɸɬ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɢ ȻɆɂ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɫɟɬɱɚɬɵɣ ɫɬɪɭɤ-
ɬɭɪɧɨ-ɷɥɚɫɬɢɮɢɰɢɪɨɜɚɧɧɵɣ ɫɨɩɨɥɢɢɦɢɞ (ɪɢɫ. β) ɫ ɥɭɱɲɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚ-
ɦɢ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɬɟɤɥɨɜɚɧɢɹ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɛɪɚɧ ɫɨɫɬɚɜ, ɜɤɥɸɱɚɸɳɢɣ ɫɨɟɞɢɧɟɧɢɹ 
ɦɚɪɨɤ Compimid MDAB, Compimid ɌɆ-123, Compimid ɌɆ-1β4 ɢ ɌȽɆ-γ. Ɉɬɜɟɪɠɞɟɧɢɟ 
ɩɨɥɭɱɟɧɧɨɣ ɤɨɦɩɨɡɢɰɢɢ ɩɪɨɜɨɞɢɥɢ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ 150–β50°ɋ ɫ ɩɨɥɭɱɟɧɢ-
ɟɦ ɦɨɧɨɥɢɬɧɵɯ ɨɛɪɚɡɰɨɜ. 
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Ɋɢɫ. β. Ɉɬɜɟɪɠɞɟɧɢɟ ȻɆɂ ɚɥɥɢɥɶɧɵɦɢ (ɚ) ɢ ɩɪɨɩɟɧɢɥɶɧɵɦɢ (ɛ) ɫɨɟɞɢɧɟɧɢɹɦɢ 

 
ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɥɭɱɟɧɧɨɣ ɤɨɦɩɨɡɢɰɢɢ ɢ ɬɤɚɧɢ ɮɢɪɦɵ «ɉɨɪɲɟ» (ɚɪɬ. 4750) 

ɩɪɟɫɫɨɜɵɦ ɦɟɬɨɞɨɦ ɩɨɥɭɱɟɧɵ ɭɝɥɟɩɥɚɫɬɢɤɢ ɢ ɨɩɪɟɞɟɥɟɧɵ ɢɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ (ɫɦ. ɬɚɛɥɢɰɭ). 

 
ɍɩɪɭɝɨ-ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɭɝɥɟɩɥɚɫɬɢɤɚ ɧɚ ȻɆɂ-ɫɜɹɡɭɸɳɟɦ 
ɋɜɨɣɫɬɜɚ Ɍɟɦɩɟɪɚɬɭɪɚ 

ɢɫɩɵɬɚɧɢɹ, °ɋ 
Ɂɧɚɱɟɧɢɟ ɫɜɨɣɫɬɜ 

ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɫɥɟ Ɍȼɋ* 
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɬɟɤɥɨɜɚɧɢɹ Tɫ, °ɋ – 229 210 
ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ, Ɇɉɚ:    
ɩɪɢ ɦɟɠɫɥɨɣɧɨɦ ɫɞɜɢɝɟ 20 60 63 

200 55 47 
220 45 36 

ɩɪɢ ɫɠɚɬɢɢ 20 586 572 
200 490 427 

ɩɪɢ ɢɡɝɢɛɟ 20 1080 1000 
200 973 793 
220 770 675 

ɋɨɪɛɰɢɹ ɜɥɚɝɢ ɩɨɫɥɟ Ɍȼɋ*, % – – 0,67 
ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɞɜɢɝɟ  
ɤɥɟɟɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, Ɇɉɚ 

20 19,7 – 
250 18,8 – 
300 12,3 – 

* Ɍȼɋ – ɬɟɩɥɨɜɥɚɠɧɨɫɬɧɨɟ ɫɬɚɪɟɧɢɟ (ȽɈɋɌ 9.707–81). Ɋɟɠɢɦ ɢɫɩɵɬɚɧɢɹ: Ɍ=60˃β°ɋ, φ=85%. 
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ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɩɵɬɚɧɢɹ ɨɛɪɚɡɨɜ ɩɨɥɭɱɟɧɧɵɯ ɭɝɥɟɩɥɚɫɬɢɤɨɜ, ɜɵɞɟɪɠɚɧɧɵɯ ɜ 
ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɟ ɜ ɬɟɱɟɧɢɟ 1 ɦɟɫ, ɩɨɤɚɡɚɥɢ ɫɨɯɪɚɧɟɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɧɚ ɭɪɨɜɧɟ 85% – ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɣ β00°ɋ ɢ 80% – ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
ɢɫɩɵɬɚɧɢɣ ββ0°ɋ ɨɬ ɢɫɯɨɞɧɵɯ ɡɧɚɱɟɧɢɣ. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɫɨɫɬɚɜ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ ɜ ɤɚ-
ɱɟɫɬɜɟ ɤɥɟɹ, ɩɨɤɚɡɚɥ ɫɨɯɪɚɧɟɧɢɟ ɢɫɯɨɞɧɵɯ ɫɜɨɣɫɬɜ (ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɫɞɜɢɝɟ β1 Ɇɉɚ) ɧɚ 
ɭɪɨɜɧɟ 95% – ɩɪɢ β50°ɋ ɢ ɧɚ ɭɪɨɜɧɟ 60% – ɩɪɢ γ00°ɋ. 

ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɪɚɧɟɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɨɬɜɟɪɠɞɟɧɧɵɯ 
ȻɆɂ-ɫɜɹɡɭɸɳɢɯ ɦɚɪɨɤ ɉȺɂɋ-104, MКЭrТЦТН 5β9β Д15Ж ɢ ɩɨɥɭɱɟɧɧɨɣ ɤɨɦɩɨɡɢɰɢɢ (ɪɢɫ. γ). 
Ⱥɧɚɥɢɡ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɪɨɜɟɞɟɧ ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɬɨɦ, ɱɬɨ ɨɛɧɚɪɭɠɟɧ-
ɧɵɦ ɧɟɨɞɧɨɪɨɞɧɨɫɬɹɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɬɪɭɤɬɭɪɧɵɟ ɨɛɪɚɡɨɜɚɧɢɹ ɫ ɪɚɡɥɢɱɧɨɣ ɩɥɨɬɧɨ-
ɫɬɶɸ ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɨɣ ɭɩɚɤɨɜɤɢ. ȼ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɚɯ ɜɵɹɜɥɟɧɚ ɦɢɤɪɨɝɟɬɟɪɨ-
ɝɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ, ɩɪɢ ɷɬɨɦ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢɫɫɥɟɞɨ-
ɜɚɧɧɵɯ ɦɚɬɪɢɰ ɪɚɡɥɢɱɚɸɬɫɹ. ɋɬɪɭɤɬɭɪɧɵɟ ɨɛɪɚɡɨɜɚɧɢɹ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɹɪɤɨ-
ɫɬɶɸ (ɦɢɤɪɨɞɢɫɩɟɪɫɧɚɹ ɮɚɡɚ) ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɛɨɥɶɲɟɣ ɩɥɨɬɧɨɫɬɶɸ ɦɚɤɪɨɦɨɥɟɤɭɥɹɪ-
ɧɨɣ ɭɩɚɤɨɜɤɢ ɢ ɫɬɨɣɤɨɫɬɶɸ ɤ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ. Ɍɟɦɧɵɟ ɭɱɚɫɬɤɢ ɩɪɟɞɫɬɚɜɥɹ-
ɸɬ ɫɨɛɨɣ ɫɬɪɭɤɬɭɪɧɵɟ ɨɛɪɚɡɨɜɚɧɢɹ ɫ ɦɟɧɶɲɟɣ ɩɥɨɬɧɨɫɬɶɸ ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɨɣ ɭɩɚ-
ɤɨɜɤɢ, ɤɨɬɨɪɵɟ ɨɛɵɱɧɨ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɛɨɥɶɲɟɣ ɫɟɝɦɟɧɬɚɪɧɨɣ ɩɨɞɜɢɠɧɨɫɬɶɸ. 

ɇɚ ɪɢɫ. γ, ɚ ɢɡɨɛɪɚɠɟɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɜɹɡɭɸɳɟɝɨ ɉȺɂɋ-104. ɋɪɟɞɧɟɟ ɡɧɚɱɟ-
ɧɢɟ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɦɢɤɪɨɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɫɨɫɬɚɜɢɥɨ 7β,β%. ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɨɛɴɟɦ-
ɧɨɣ ɞɨɥɢ ɨɛɪɚɡɨɜɚɧɢɣ ɫ ɛɨɥɶɲɟɣ ɩɥɨɬɧɨɫɬɶɸ ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɨɣ ɭɩɚɤɨɜɤɢ ɫɨɫɬɚɜɢɥɨ 
61,β ɢ 55,4% (ɪɢɫ. γ, ɛ, ɜ) ɞɥɹ ɫɜɹɡɭɸɳɟɝɨ ɦɚɪɤɢ MКЭrТЦТН 5β9β ɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫɨɫɬɚ-
ɜɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 
 

Ɋɢɫ. γ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɬɜɟɪɠɞɟɧɧɵɯ ȻɆɂ-ɫɜɹɡɭɸɳɢɯ ɦɚɪɨɤ ɉȺɂɋ-104 (ɚ), Matrimid 
5292 (ɛ) ɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫɨɫɬɚɜɚ ɦɚɪɤɢ ȻɆɋ-1 (ɜ) 
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Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ȻɆɂ-ɫɜɹɡɭɸɳɟɝɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟ ɬɨɥɶɤɨ 
ɦɟɧɶɲɟɣ ɨɛɴɟɦɧɨɣ ɞɨɥɟɣ ɫɬɪɭɤɬɭɪɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ ɫ ɛɨɥɶɲɟɣ ɩɥɨɬɧɨɫɬɶɸ ɦɚɤɪɨɦɨɥɟ-
ɤɭɥɹɪɧɨɣ ɭɩɚɤɨɜɤɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɚɬɪɢɰɚɦɢ ɉȺɂɋ-104 ɢ MКЭrТЦТН 5β9β, ɧɨ ɢ ɜɵɫɨ-
ɤɨɣ ɨɞɧɨɪɨɞɧɨɫɬɶɸ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ (ɪɚɡɦɟɪ ɢ ɮɨɪɦɚ 
ɫɬɪɭɤɬɭɪɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ). ȼɵɹɜɥɟɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ 
ɫɨɫɬɚɜɚ ɦɚɪɤɢ ȻɆɋ-1 ɩɪɢɜɨɞɹɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɞɨɦɟɧɨɜ ɫ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɫɟɬɤɢ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɥɹ ȻɆɂ-ɫɜɹɡɭɸɳɢɯ ɜ ɤɚɱɟɫɬɜɟ ɨɬɜɟɪɞɢɬɟɥɟɣ ɫɦɟɫɢ ɢɡ ɚɥɥɢɥɶ-
ɧɨɝɨ ɢ ɩɪɨɩɟɧɢɥɶɧɨɝɨ ɨɬɜɟɪɞɢɬɟɥɟɣ ɩɨɤɚɡɚɥɨ ɢɯ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨ-
ɜɵɲɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨɫɥɟ ɬɟɩɥɨɜɥɚɠɧɨɫɬɧɨɝɨ ɫɬɚɪɟɧɢɹ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɚɥɥɢɥɶɧɨɝɨ ɢ ɩɪɨɩɟɧɢɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 
ɫɟɬɱɚɬɵɣ ɫɬɪɭɤɬɭɪɧɨ-ɷɥɚɫɬɢɮɢɰɢɪɨɜɚɧɧɵɣ ɫɨɩɨɥɢɢɦɢɞ ɫ ɦɟɧɶɲɟɣ ɨɛɴɟɦɧɨɣ ɞɨɥɟɣ 
ɫɬɪɭɤɬɭɪɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ ɢ ɫ ɛɨɥɶɲɟɣ ɩɥɨɬɧɨɫɬɶɸ ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɨɣ ɭɩɚɤɨɜɤɢ. 

ȼɵɛɨɪ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ, ɜɚɪɶ-
ɢɪɨɜɚɧɢɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɢɧɬɟɡɚ ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɬɟɯɧɨɥɨɝɢɱɧɵɣ ɛɟɡɪɚɫɬɜɨɪ-
ɧɵɣ ɫɨɫɬɚɜ ȻɆɂ-ɫɜɹɡɭɸɳɟɝɨ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɉɄɆ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɨ 
β00°ɋ ɜɨ ɜɥɚɠɧɨɣ ɫɪɟɞɟ. 
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ɍȾɄ 669.055:669.715 
 
Ʌ.ȼ. Ɇɨɪɨɡɨɜɚ1, ȼ.Ȼ. Ƚɪɢɝɨɪɟɧɤɨ1, ɂ.ɉ. ɀɟɝɢɧɚ1 
 
ɂɋɋɅȿȾɈȼȺɇɂȿ  ɉɊɂɑɂɇ  ɂ  ɏȺɊȺɄɌȿɊȺ 
ɊȺɁɊɍɒȿɇɂə  ɓɂɌɈȼ  ȽȿɇȿɊȺɌɈɊɈȼ 
ɂɁ  ɋɉɅȺȼɈȼ  ȺɅ9  ɂ  ȼȺɅ8 
 
DOI: 10.18577/2307-6046-2017-0-5-9-9 
 

ɉɪɨɜɟɞɟɧɨ ɤɨɦɩɥɟɤɫɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɢɱɢɧ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɳɢɬɨɜ 
ɝɟɧɟɪɚɬɨɪɨɜ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ȺɅ9 ɢ ȼȺɅ8. Ɇɟɬɨɞɚɦɢ ɨɩɬɢɱɟɫɤɨɣ ɢ ɷɥɟɤɬɪɨɧɧɨɣ 
ɦɢɤɪɨɫɤɨɩɢɢ, ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɢ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɨɰɟɧɟɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ, 
ɢɡɭɱɟɧ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢ ɯɚɪɚɤɬɟɪ ɪɚɡɪɭɲɟɧɢɹ ɞɟɬɚɥɟɣ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɚɡɪɭɲɟ-
ɧɢɟ ɞɟɬɚɥɟɣ ɩɪɨɢɡɨɲɥɨ ɩɪɢ ɞɟɣɫɬɜɢɢ ɨɞɧɨɤɪɚɬɧɨɣ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ (ɝɢɞɪɚɜɥɢɱɟ-
ɫɤɢɣ ɭɞɚɪ). Ɋɚɡɪɭɲɟɧɢɸ ɫɩɨɫɨɛɫɬɜɨɜɚɥɨ ɨɬɫɭɬɫɬɜɢɟ ɪɚɞɢɭɫɚ ɩɟɪɟɯɨɞɚ ɜ ɦɟɫɬɟ ɢɡɦɟɧɟ-
ɧɢɹ ɬɨɥɳɢɧ ɢ ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɩɨɪɢɫɬɨɫɬɢ ɜ ɳɢɬɟ ɝɟɧɟɪɚɬɨɪɚ ɢɡ ɫɩɥɚɜɚ ȺɅ9. 

Кɥюɱɟɜыɟ ɫɥɨɜɚ: ɪɚɡɪɭɲɟɧɢɟ, ɢɡɥɨɦ, ɚɥɸɦɢɧɢɟɜɵɣ ɫɩɥɚɜ, ɩɨɪɢɫɬɨɫɬɶ, ɮɪɚɤɬɨɝɪɚɮɢɹ. 
 
Complex research of the reasons of operational destruction of boards of generators from 

AL9 and VAL8 aluminum alloys is conducted. Methods of optical and electron microscopy, x-ray 
microanalysis and chemical analysis is evaluated microstructure, chemical composition and na-
ture of destruction of details is studied. It is established that destruction of details has occurred 
at action of single static load (hydraulic shock). Destruction was promoted by lack of radius of 
transition in place of change of thickness and the raised level of porosity in generator board 
from AL9 alloy. 

Keywords: destruction, destruction surface, aluminum alloy, porosity, fractography. 
 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
state unitary enterprise «AХХ-RЮssТКЧ sМТОЧЭТПТМ rОsОКrМС ТЧsЭТЭЮЭО ШП КЯТКЭТШЧ ЦКЭОrТКХs» State research center 
of the Russian Federation]; e-mail: admin@viam.ru 
 

ȼɜɟɞɟɧɢɟ 
Ⱥɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɥɢɬɵɯ ɞɟɬɚɥɟɣ, ɨɛɥɚ-

ɞɚɸɬ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ (β500–β800 ɤɝ/ɦɦ3), ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɶɸ ɢ ɤɨɪɪɨ-
ɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɩɪɢɦɟɧɹɬɶ ɨɬɥɢɜɤɢ ɜɡɚɦɟɧ ɩɨɤɨɜɨɤ 
ɢ ɲɬɚɦɩɨɜɨɤ, ɩɪɢ ɷɬɨɦ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɚɥɥɚ 
ɢ ɫɧɢɠɚɟɬɫɹ ɫɬɨɢɦɨɫɬɶ ɢ ɬɪɭɞɨɟɦɤɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ Д1–3]. 

ȼ ɨɬɪɚɫɥɹɯ, ɝɞɟ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɨɫɨɛɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɧɚɞɟɠɧɨɫɬɢ ɭɡɥɨɜ ɢ ɞɟɬɚ-
ɥɟɣ, ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɟ, ɧɚɞɟɠɧɵɟ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɟɬɚɥɢ, ɨɬɥɢ-
ɬɵɟ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ. Ʌɢɬɟɣɧɵɟ ɚɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ 
ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɞɪɭɝɢɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɨɬɪɚɫɥɹɯ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ: 
ɫɭɞɨɫɬɪɨɟɧɢɢ, ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɬɪɚɧɫɩɨɪɬɟ, ɚɜɢɚɰɢɢ ɢ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɦ ɤɨɦɩɥɟɤɫɟ 
[4–7]. 

Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɥɢɬɟɣɧɵɦ ɚɥɸɦɢɧɢɟɜɵɦ ɫɩɥɚɜɚɦ – ɷɬɨ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɬ. ɟ. ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɤɨɪɪɨɡɢɨɧɧɵɯ ɫɜɨɣɫɬɜ) ɜ ɫɨɱɟ-
ɬɚɧɢɢ ɫ ɯɨɪɨɲɟɣ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶɸ ɩɪɢ ɥɢɬɶɟ, ɤɨɬɨɪɚɹ ɞɥɹ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɩɪɨɦɵɲ-
ɥɟɧɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɣ ɨɡɧɚɱɚɟɬ ɧɢɡɤɭɸ ɫɤɥɨɧɧɨɫɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɨɪɹɱɢɯ (ɤɪɢɫɬɚɥɥɢ-
ɡɚɰɢɨɧɧɵɯ) ɬɪɟɳɢɧ, ɯɨɪɨɲɭɸ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ, ɦɢɧɢɦɚɥɶɧɭɸ ɭɫɚɞɨɱɧɭɸ ɩɨɪɢɫɬɨɫɬɶ, 
ɬ. ɟ. ɯɨɪɨɲɢɟ ɥɢɬɟɣɧɵɟ ɫɜɨɣɫɬɜɚ. 
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ȼ ɫɩɥɚɜɚɯ, ɤɪɢɫɬɚɥɥɢɡɭɸɳɢɯɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ, ɜɫɟɝɞɚ ɢɦɟɟɬɫɹ ɩɟɪɟ-
ɯɨɞɧɚɹ ɨɛɥɚɫɬɶ, ɜ ɤɨɬɨɪɨɣ ɤ ɤɨɧɰɭ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜ ɨɤɚɡɵɜɚɟɬɫɹ ɜ ɢɡɨɥɢɪɨɜɚɧ-
ɧɵɯ ɧɟɩɢɬɚɟɦɵɯ ɦɢɤɪɨɨɛɴɟɦɚɯ ɦɟɠɞɭ ɞɟɧɞɪɢɬɧɵɦɢ ɜɟɬɜɹɦɢ. ɂɡ-ɡɚ ɦɟɧɶɲɟɝɨ ɭɞɟɥɶɧɨ-
ɝɨ ɨɛɴɟɦɚ ɬɜɟɪɞɨɣ ɮɚɡɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɠɢɞɤɨɣ, ɜ ɬɚɤɢɯ ɦɢɤɪɨɨɛɴɟɦɚɯ ɩɨɫɥɟ ɡɚɬɜɟɪɞɟ-
ɜɚɧɢɹ ɧɟɢɡɛɟɠɧɨ ɨɛɪɚɡɭɸɬɫɹ ɭɫɚɞɨɱɧɵɟ ɩɨɪɵ (ɪɵɯɥɨɬɵ). 

ɉɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɬɭɳɢɟ ɜɟɬɜɢ ɞɟɧɞɪɢɬɨɜ ɨɬɬɟɫɧɹɸɬ ɨɛɨɝɚɳɟɧɧɭɸ ɥɟɝɢ-
ɪɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɠɢɞɤɨɫɬɶ ɜ ɦɟɫɬɚ ɤɨɧɬɚɤɬɚ ɧɟɫɤɨɥɶɤɢɯ ɜɟɬɜɟɣ. Ɍɚɦ ɢɡ ɠɢɞɤɨɫɬɢ, 
ɧɚɩɪɢɦɟɪ, ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɷɜɬɟɤɬɢɤɚ, ɜɤɥɸɱɟɧɢɹ ɤɨɬɨɪɨɣ 
ɧɚɛɥɸɞɚɸɬɫɹ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ ɩɨ ɝɪɚɧɢɰɚɦ ɞɟɧɞɪɢɬɧɵɯ ɹɱɟɟɤ. Ɍɚɦ ɠɟ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɩɨɫɥɟɞɧɢɯ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɨɛɴɟɦɨɜ ɪɚɫɩɥɚɜɚ ɨɛɪɚɡɭɸɬɫɹ ɦɢɤɪɨɩɨɪɵ. 
ȼɨɡɧɢɤɧɨɜɟɧɢɟ ɪɚɫɫɟɹɧɧɨɣ ɭɫɚɞɨɱɧɨɣ ɩɨɪɢɫɬɨɫɬɢ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɝɟɪɦɟɬɢɱɧɨ-
ɫɬɢ ɨɬɥɢɜɤɢ. Ƚɟɪɦɟɬɢɱɧɨɫɬɶ – ɷɬɨ ɫɩɨɫɨɛɧɨɫɬɶ ɨɬɥɢɜɤɢ ɜɵɞɟɪɠɢɜɚɬɶ ɞɚɜɥɟɧɢɟ ɠɢɞɤɨ-
ɫɬɢ ɢɥɢ ɝɚɡɚ ɛɟɡ ɬɟɱɢ. ɗɬɭ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɬɨɠɟ ɱɚɫɬɨ ɨɬɧɨɫɹɬ ɤ ɥɢɬɟɣɧɵɦ ɫɜɨɣɫɬɜɚɦ. 
Ƚɟɪɦɟɬɢɱɧɨɫɬɶ ɡɚɜɢɫɢɬ ɨɬ ɫɭɦɦɚɪɧɨɝɨ ɨɛɴɟɦɚ ɩɨɪ, ɢɯ ɪɚɡɦɟɪɚ, ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɨɬ ɬɨ-
ɝɨ, ɢɡɨɥɢɪɨɜɚɧɵ ɨɧɢ ɢɥɢ ɫɜɹɡɚɧɵ ɦɟɠɞɟɧɞɪɢɬɧɵɦɢ ɤɚɧɚɥɚɦɢ Д8, 9Ж. 

Ɇɟɠɞɟɧɞɪɢɬɧɚɹ ɢɥɢ ɜɧɭɬɪɢɞɟɧɞɪɢɬɧɚɹ ɪɚɫɫɟɹɧɧɚɹ ɩɨɪɢɫɬɨɫɬɶ ɜɫɟɝɞɚ ɩɪɢɫɭɬ-
ɫɬɜɭɟɬ ɜ ɨɬɥɢɜɤɚɯ. Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɷɬɢɯ ɩɨɪ ɦɚɤɫɢɦɚɥɶɧɚ ɜ ɫɩɥɚɜɚɯ ɫ 
ɲɢɪɨɤɢɦ ɢɧɬɟɪɜɚɥɨɦ ɠɢɞɤɨ-ɬɜɟɪɞɨɝɨ ɫɨɫɬɨɹɧɢɹ. Ʉɨɥɢɱɟɫɬɜɨ ɪɚɫɫɟɹɧɧɵɯ ɩɨɪ ɜ ɨɬɥɢɜ-
ɤɚɯ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɬɚɤɠɟ ɡɚɜɢɫɢɬ ɨɬ ɝɚɡɨɜɵɞɟɥɟɧɢɹ (ɜ ɨɫɧɨɜɧɨɦ ɜɨɞɨɪɨɞɚ) 
ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɝɚɡ ɦɨɠɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶ ɫɨɛɫɬɜɟɧɧɵɟ ɩɨɪɵ, ɫɥɭɱɚɣɧɨ 
ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɫɟɱɟɧɢɸ ɨɬɥɢɜɤɢ Д10, 11Ж. 

ɋɩɥɚɜ ȺɅ9 ɨɬɧɨɫɢɬɫɹ ɤ ɝɪɭɩɩɟ ɝɟɪɦɟɬɢɱɧɵɯ ɫɩɥɚɜɨɜ ɫ ɯɨɪɨɲɢɦɢ ɥɢɬɟɣɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɜɫɟɦɢ ɜɢɞɚɦɢ ɥɢɬɶɹ. ɋɩɥɚɜ 
ȼȺɅ8 ɨɬɧɨɫɢɬɫɹ ɤ ɜɵɫɨɤɨɩɪɨɱɧɵɦ ɥɢɬɟɣɧɵɦ ɫɩɥɚɜɚɦ. Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɨɜ 
ɡɚɜɢɫɹɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɢɯ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɧɨ ɢ ɨɬ ɩɥɨɬɧɨɫɬɢ ɥɢɬɶɹ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ 
ɩɨɪɢɫɬɨɫɬɢ ɩɪɨɱɧɨɫɬɶ ɨɬɥɢɜɨɤ ɫɧɢɠɚɟɬɫɹ, ɨɧɢ ɡɧɚɱɢɬɟɥɶɧɨ ɯɭɠɟ ɫɨɩɪɨɬɢɜɥɹɸɬɫɹ 
ɧɚɝɪɭɡɤɚɦ ɢ ɜɨɡɞɟɣɫɬɜɢɸ ɤɨɪɪɨɡɢɨɧɧɨ-ɚɤɬɢɜɧɨɣ ɫɪɟɞɵ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɥɭɱɚɟɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɡɪɭɲɟɧɢɣ ɩɨɡɜɨɥɹɟɬ ɧɟ ɬɨɥɶɤɨ ɭɫɬɚ-
ɧɨɜɢɬɶ ɩɪɢɱɢɧɭ ɢɯ ɜɨɡɧɢɤɧɨɜɟɧɢɹ, ɧɨ ɢ ɪɚɡɪɚɛɨɬɚɬɶ ɤɨɦɩɥɟɤɫ ɪɟɤɨɦɟɧɞɚɰɢɣ ɢ ɦɟɪɨ-
ɩɪɢɹɬɢɣ ɩɨ ɭɫɬɪɚɧɟɧɢɸ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɮɚɤɬɨɪɨɜ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 
ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɣ 12–14. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɱɢɧ ɢ ɯɚɪɚɤɬɟɪɚ ɪɚɡ-
ɪɭɲɟɧɢɹ ɳɢɬɨɜ ɝɟɧɟɪɚɬɨɪɨɜ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɥɢɬɟɣɧɵɯ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ȺɅ9 ɢ 
ȼȺɅ8. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 8.4. 
«ȼɵɫɨɤɨɩɪɨɱɧɵɟ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ ɫɜɚɪɢɜɚɟɦɵɟ ɦɚɝɧɢɟɜɵɟ ɢ ɥɢɬɟɣɧɵɟ ɚɥɸɦɢɧɢɟ-
ɜɵɟ ɫɩɥɚɜɵ ɞɥɹ ɢɡɞɟɥɢɣ ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ 
ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ») 15. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ɇɚɬɟɪɢɚɥɨɦ ɞɥɹ ɳɢɬɨɜ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɨɜ ɹɜɥɹɸɬɫɹ ɥɢɬɟɣɧɵɟ ɚɥɸɦɢɧɢɟɜɵɟ 
ɫɩɥɚɜɵ ȺɅ9 ɢ ȼȺɅ8, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɝɪɭɩɩɟ ɫɢɥɭɦɢɧɨɜ. ɋɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɹɦ ɧɨɪɦɚ-
ɬɢɜɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ, ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɪɨɜɨɞɢɥɢ ɩɪɨɰɟɫɫ ɨɬɥɢɜɤɢ ɜ ɩɟɫɱɚɧɭɸ ɮɨɪɦɭ. 
ɋɩɥɚɜ ȼȺɅ8 ɬɟɪɦɨɨɛɪɚɛɨɬɚɧ ɩɨ ɪɟɠɢɦɭ Ɍ5, ɫɩɥɚɜ ȺɅ9 – ɩɨ ɪɟɠɢɦɭ Ɍ7 (ɈɋɌ1 90088–80). 

ɋɨɫɬɨɹɧɢɟ Ɍ5 ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɨɯɥɚɠɞɟɧɢɟ ɫ ɬɟɦɩɟɪɚɬɭɪɵ ɝɨɪɹɱɟɣ ɞɟɮɨɪɦɚɰɢɢ ɢ 
ɩɨɫɥɟɞɭɸɳɟɟ ɢɫɤɭɫɫɬɜɟɧɧɨɟ ɫɬɚɪɟɧɢɟ; ɫɨɫɬɨɹɧɢɟ Ɍ7 – ɡɚɤɚɥɤɭ ɢ ɩɟɪɟɫɬɚɪɢɜɚɧɢɟ ɫ ɰɟ-
ɥɶɸ ɩɨɥɭɱɟɧɢɹ ɫɜɨɣɫɬɜ ɛɨɥɶɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɧɚ ɤɪɢɜɨɣ ɫɬɚɪɟɧɢɹ 
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ɩɪɢ ɧɟɤɨɬɨɪɵɯ ɫɩɟɰɢɚɥɶɧɨ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ – ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɫɬɚ-
ɛɢɥɶɧɨɫɬɢ ɪɚɡɦɟɪɨɜ, ɛɨɥɟɟ ɧɢɡɤɨɝɨ ɭɪɨɜɧɹ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɢɥɢ ɩɨɜɵɲɟɧɢɹ 
ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ. 

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɫɩɥɚɜɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ. 
 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɩɥɚɜɨɜ ȺɅ9 ɢ ȼȺɅ8 ɩɨ ȽɈɋɌ 1583–93 
ɋɩɥɚɜ ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ) 

Al Si Fe Mn Ɇg Sn Ti Cu Zn Cd 
ȺɅ9 Ɉɫɧɨɜɚ 6,0–8,0 ≤0,5 ≤0,5 0,20–0,40 ≤0,01 – ≤0,β ≤0,γ – 
ȼȺɅ8 Ɉɫɧɨɜɚ 7,0–8,5 ≤0,4 – 0,20–0,45 – 0,10–0,25 2,50–3,50 0,50–1,00 ≤0,15 

 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɢɱɢɧ ɢ ɯɚɪɚɤɬɟɪɚ ɪɚɡɪɭɲɟɧɢɹ ɳɢɬɨɜ ɝɟɧɟɪɚɬɨɪɨɜ, ɢɡɝɨɬɨɜɥɟɧ-

ɧɵɯ ɢɡ ɥɢɬɟɣɧɵɯ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ȺɅ9 ɢ ȼȺɅ8, ɜɤɥɸɱɚɥɨ ɩɪɨɜɟɞɟɧɢɟ ɫɥɟɞɭɸ-
ɳɢɯ ɪɚɛɨɬ: 

– ɜɢɡɭɚɥɶɧɵɣ ɨɫɦɨɬɪ, ɮɨɬɨɫɴɟɦɤɚ ɮɪɚɝɦɟɧɬɨɜ ɳɢɬɨɜ ɝɟɧɟɪɚɬɨɪɨɜ; 
– ɩɪɨɜɟɞɟɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɧɚ ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɚɪɤɟ ɫɩɥɚɜɨɜ; 
– ɩɪɨɜɟɞɟɧɢɟ ɪɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɞɥɹ ɨɰɟɧɤɢ ɩɨɪɢɫɬɨɫɬɢ ɦɚɬɟɪɢɚɥɚ; 
– ɩɪɨɜɟɞɟɧɢɟ ɮɪɚɤɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ; 
– ɩɪɨɜɟɞɟɧɢɟ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɦɢɤɪɨɚɧɚɥɢɡɚ; 
– ɢɡɦɟɪɟɧɢɟ ɬɜɟɪɞɨɫɬɢ. 
– ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ. 

Ⱥɧɚɥɢɡ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɚɥɸɦɢɧɢɟɜɵɯ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɫɩɟɤɬɪɚɥɶɧɵɦ 
ɨɩɬɢɤɨ-ɷɦɢɫɫɢɨɧɧɵɦ ɦɟɬɨɞɨɦ ɧɚ ɫɩɟɤɬɪɨɦɟɬɪɟ Q8MКРОХХКЧ ɮɢɪɦɵ BrЮФОr QЮКЧЭrШЧ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ȽɈɋɌ 77β7–81 «ɋɩɥɚɜɵ ɚɥɸɦɢɧɢɟɜɵɟ. Ɇɟɬɨɞɵ ɫɩɟɤ-
ɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ». 

Ɋɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɚɩɩɚɪɚɬɟ ɊɍɆ-7 
ɩɪɢ ɚɧɨɞɧɨɦ ɧɚɩɪɹɠɟɧɢɢ β4 (ɞɥɹ ɫɩɥɚɜɚ ȺɅ9) ɢ γ0 ɤȼ (ɞɥɹ ɫɩɥɚɜɚ ȼȺɅ8), ɚɧɨɞɧɨɦ ɬɨ-
ɤɟ 10 ɦȺ ɢ ɷɤɫɩɨɡɢɰɢɢ ɜ ɬɟɱɟɧɢɟ β ɦɢɧ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɢɡɥɨɦɨɜ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɨɜ ȺɅ9 ɢ ȼȺɅ8 ɩɪɨɜɨɞɢɥɢ ɫ ɩɪɢɦɟɧɟ-
ɧɢɟɦ ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ JSM-6490LV. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɨɜ ȺɅ9 ɢ ȼȺɅ8 ɩɪɨɜɨɞɢɥɢ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɨɩɬɢɱɟɫɤɨɝɨ ɦɢɤɪɨɫɤɨɩɚ OХympus. 

ɂɡɦɟɪɟɧɢɟ ɬɜɟɪɞɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɨɜ ȺɅ9 ɢ ȼȺɅ8 ɩɪɨɜɨɞɢɥɢ ɧɚ ɩɪɢɛɨɪɟ 
ɌɄ-βɆ ɩɨ ɦɟɬɨɞɭ Ɋɨɤɜɟɥɥɚ. 

 
Ɋɟɡɭɥɶɬɚɬɵ 

ȼɢɡɭɚɥɶɧɵɣ ɨɫɦɨɬɪ ɮɪɚɝɦɟɧɬɨɜ 
ɇɚ ɪɢɫ. 1, ɚ ɩɪɢɜɟɞɟɧɵ ɮɨɬɨɝɪɚɮɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɮɪɚɝɦɟɧɬɨɜ 

ɢɡ ɫɩɥɚɜɚ ȼȺɅ8. Ɋɚɡɪɭɲɟɧɢɟ ɩɪɨɲɥɨ ɫ ɨɬɞɟɥɟɧɢɟɦ ɩɪɨɭɲɢɧ ɫ ɨɬɜɟɪɫɬɢɹɦɢ ɞɥɹ ɤɪɟɩ-
ɥɟɧɢɹ ɳɢɬɨɜ, ɜ ɦɟɫɬɟ ɩɟɪɟɩɚɞɚ ɬɨɥɳɢɧ ɜ ɫɬɟɧɤɟ. ȼ ɳɢɬɟ ɢɡ ɫɩɥɚɜɚ ȺɅ9 ɪɚɡɪɭɲɟɧɢɟ 
ɩɪɨɲɥɨ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ (ɪɢɫ. 1, ɛ). Ⱥɧɚɥɢɡ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɦɟɫɬɚɯ ɪɚɡɪɭɲɟɧɢɹ 
ɳɢɬɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɦɟɫɬɚɯ ɩɟɪɟɩɚɞɚ ɬɨɥɳɢɧ ɫɬɟɧɨɤ ɫ ɧɚɪɭɠɧɨɣ ɫɬɨɪɨɧɵ ɩɪɚɤɬɢɱɟɫɤɢ 
ɨɬɫɭɬɫɬɜɭɟɬ ɪɚɞɢɭɫ ɩɟɪɟɯɨɞɚ. ɇɚ ɪɢɫ. 1, ɜ, ɝ ɫɬɪɟɥɤɚɦɢ ɩɨɤɚɡɚɧɵ ɷɬɢ ɦɟɫɬɚ ɜ ɫɟɱɟɧɢɢ 
ɫɬɟɧɨɤ ɜɛɥɢɡɢ ɦɟɫɬɚ ɪɚɡɪɭɲɟɧɢɹ. ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɪɚɡɪɭɲɟɧɢɟ ɩɪɨɲɥɨ ɨɬ ɧɚɪɭɠɧɨɣ 
ɫɬɨɪɨɧɵ ɜ ɦɟɫɬɚɯ ɨɬɫɭɬɫɬɜɢɹ ɪɚɞɢɭɫɚ ɩɟɪɟɯɨɞɚ. 
 
 
 



ȀРȁДЫ  ВИАМ                                                                                                               №5 (53) 2017 

 

 

73 

 

 
Ɋɢɫ. 1. Ɏɪɚɝɦɟɧɬɵ ɳɢɬɚ ɢɡ ɫɩɥɚɜɚ ȼȺɅ8 (ɚ) ɢ ȺɅ9 (ɛ). ɋɬɪɟɥɤɚɦɢ ɩɨɤɚɡɚɧɨ ɨɬɫɭɬɫɬɜɢɟ ɪɚ-

ɞɢɭɫɨɜ ɩɟɪɟɯɨɞɚ (ɜ, ɝ) 
 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɞɢɭɫ ɩɟɪɟɯɨɞɚ (ɢɥɢ ɪɚɞɢɭɫ ɫɤɪɭɝɥɟɧɢɹ) ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɞɥɹ ɫɨɩɪɹɠɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɨɞ ɩɪɹɦɵɦ ɭɝɥɨɦ, ɬɚɤ ɤɚɤ ɩɪɹɦɨɣ ɭɝɨɥ ɹɜɥɹɟɬɫɹ ɤɨɧ-
ɰɟɧɬɪɚɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɣ ɢ ɩɪɨɜɨɰɢɪɭɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɬɪɟɳɢɧ. ɇɚɥɢɱɢɟ ɪɚɞɢɭɫɚ ɩɟɪɟ-
ɯɨɞɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ ɢ ɭɦɟɧɶɲɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨ-
ɹɜɥɟɧɢɹ ɬɪɟɳɢɧ ɜɛɥɢɡɢ ɦɟɫɬɚ ɩɟɪɟɩɚɞɚ ɬɨɥɳɢɧ. 

 
Ⱥɧɚɥɢɡ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɨɧɨɥɢɬɧɵɟ ɨɛɪɚɡɰɵ ɢɡ ɥɢɬɟɣɧɵɯ ɚɥɸɦɢɧɢɟɜɵɯ 
ɫɩɥɚɜɨɜ ȼȺɅ8 ɢ ȺɅ9. Ɋɚɛɨɬɵ ɩɪɨɜɨɞɢɥɢ ɫɨɝɥɚɫɧɨ ȽɈɋɌ 77β7–81 «ɋɩɥɚɜɵ ɚɥɸɦɢɧɢɟ-
ɜɵɟ. Ɇɟɬɨɞɵ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ». Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɢɫ-
ɩɨɥɶɡɨɜɚɥɢ ɤɨɦɩɥɟɤɬɵ Ɉɬɪɚɫɥɟɜɵɯ ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ (ɈɋɈ) ɫɩɥɚɜɨɜ ȼȺɅ8 ɢ ȺɅ9. 
ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɦɚɤɪɨɩɪɢɦɟɫɟɣ ɪɚɫɫɱɢɬɚɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ ɩɨɝɪɟɲɧɨɫɬɟɣ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɷɥɟɦɟɧɬɨɜ. Ⱦɥɹ ɤɪɟɦɧɢɹ, ɦɟɞɢ ɢ 
ɰɢɧɤɚ ɨɧɨ ɫɨɫɬɚɜɥɹɟɬ β,5%, ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ 10%. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɨ, ɱɬɨ ɫɨɫɬɚɜ ɮɪɚɝ-
ɦɟɧɬɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɧɨɪɦɚɬɢɜɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɤ ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ 
ɥɢɬɟɣɧɵɯ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ȼȺɅ8 ɢ ȺɅ9. 

 
Ɏɪɚɤɬɨɝɪɚɮɢɱɟɫɤɢɣ ɢ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɵɣ ɦɢɤɪɨɚɧɚɥɢɡ 

Ɇɚɤɪɨɫɬɪɨɟɧɢɟ ɮɪɚɝɦɟɧɬɚ ɢɡɥɨɦɚ ɢɡ ɫɩɥɚɜɚ ȼȺɅ8 ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. β, ɚ. Ɋɚɡɪɭ-
ɲɟɧɢɟ ɪɚɡɜɢɜɚɥɨɫɶ ɫ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬ ɦɟɫɬɚ ɩɟɪɟɩɚɞɚ ɬɨɥɳɢɧ ɛɟɡ ɪɚɞɢɭɫɨɜ 
ɩɟɪɟɯɨɞɚ. ɂɡɥɨɦ ɬɢɩɢɱɟɧ ɞɥɹ ɫɬɚɬɢɱɟɫɤɨɝɨ (ɨɞɧɨɤɪɚɬɧɨɝɨ) ɪɚɡɪɭɲɟɧɢɹ ɫɩɥɚɜɚ. ɇɚ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɢɡɥɨɦɚ ɧɚɛɥɸɞɚɸɬɫɹ ɤɪɭɩɧɵɟ ɜɤɥɸɱɟɧɢɹ ɪɚɡɥɢɱɧɨɣ ɮɨɪɦɵ (ɪɢɫ. β, ɛ), ɥɢ-
ɬɟɣɧɵɟ ɞɟɮɟɤɬɵ ɜ ɜɢɞɟ ɪɵɯɥɨɬɵ ɢ ɭɫɚɞɨɱɧɨɣ ɩɨɪɢɫɬɨɫɬɢ (ɪɢɫ. β, ɜ). 

Ɇɚɤɪɨɫɬɪɨɟɧɢɟ ɮɪɚɝɦɟɧɬɚ ɢɡɥɨɦɚ ɫɩɥɚɜɚ ȺɅ9 ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. γ, ɚ. Ɋɚɡɪɭɲɟɧɢɟ 
ɬɚɤɠɟ ɪɚɡɜɢɜɚɥɨɫɶ ɫ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬ ɦɟɫɬɚ ɩɟɪɟɩɚɞɚ ɬɨɥɳɢɧ ɛɟɡ ɪɚɞɢɭɫɨɜ ɩɟ-
ɪɟɯɨɞɚ. ɂɡɥɨɦ ɯɚɪɚɤɬɟɪɟɧ ɞɥɹ ɫɬɚɬɢɱɟɫɤɨɝɨ (ɨɞɧɨɤɪɚɬɧɨɝɨ) ɪɚɡɪɭɲɟɧɢɹ ɫɩɥɚɜɚ. ȼ ɰɟ-
ɥɨɦ, ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ, ɢɡɥɨɦ ɫɩɥɚɜɚ ȺɅ9 ɛɨɥɟɟ ɩɥɚɫɬɢɱɧɵɣ, ɱɟɦ 
ɢɡɥɨɦ ɫɩɥɚɜɚ ȼȺɅ8. ȼ ɢɡɥɨɦɟ ɫɩɥɚɜɚ ȺɅ9 ɤɪɭɩɧɵɟ ɜɤɥɸɱɟɧɢɹ ɜɫɬɪɟɱɚɸɬɫɹ ɜ ɦɟɧɶɲɟɦ 
ɤɨɥɢɱɟɫɬɜɟ, ɪɟɥɶɟɮ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɦɟɥɤɨɹɦɨɱɧɵɣ (ɪɢɫ. γ, ɛ). Ɉɞɧɚɤɨ ɜ ɫɪɚɜɧɟɧɢɢ ɫ 
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ɢɡɥɨɦɨɦ ɫɩɥɚɜɚ ȼȺɅ8, ɜ ɢɡɥɨɦɟ ɫɩɥɚɜɚ ȺɅ9 ɧɚɛɥɸɞɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟɟ ɤɨɥɢ-
ɱɟɫɬɜɨ ɩɨɪ ɢ ɥɢɬɟɣɧɨɣ ɪɵɯɥɨɬɵ (ɪɢɫ. γ, ɜ), ɱɬɨ ɫɧɢɠɚɟɬ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɤɚɤ ɫɚɦɨɝɨ ɫɩɥɚɜɚ, ɬɚɤ ɢ ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɧɟɝɨ ɞɟɬɚɥɟɣ. 

 
Ɋɢɫ. β. ɋɬɪɨɟɧɢɟ ɮɪɚɝɦɟɧɬɚ ɢɡɥɨɦɚ ɢɡ ɫɩɥɚɜɚ ȼȺɅ8: 
ɚ – ɨɛɳɢɣ ɜɢɞ ɢɡɥɨɦɚ; ɛ – ɤɪɭɩɧɵɟ ɜɤɥɸɱɟɧɢɹ ɜ ɢɡɥɨɦɟ (ɩɨɤɚɡɚɧɵ ɫɬɪɟɥɤɚɦɢ); ɜ – ɭɱɚɫɬɨɤ ɫ 

ɥɢɬɟɣɧɨɣ ɪɵɯɥɨɬɨɣ ɜ ɢɡɥɨɦɟ 
 

 
Ɋɢɫ. γ. ɋɬɪɨɟɧɢɟ ɮɪɚɝɦɟɧɬɚ ɢɡɥɨɦɚ ɢɡ ɫɩɥɚɜɚ ȺɅ9: 
ɚ – ɨɛɳɢɣ ɜɢɞ ɢɡɥɨɦɚ; ɛ – ɜɧɭɬɪɢɡɟɪɟɧɧɨɟ ɪɚɡɪɭɲɟɧɢɟ, ɦɟɥɤɨɹɦɨɱɧɵɣ ɪɟɥɶɟɮ; ɜ – ɭɱɚɫɬɨɤ ɫ 

ɥɢɬɟɣɧɨɣ ɪɵɯɥɨɬɨɣ ɜ ɢɡɥɨɦɟ 
 
ɋɬɪɨɟɧɢɟ ɢɡɥɨɦɨɜ ɨɛɨɢɯ ɫɩɥɚɜɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɡɪɭɲɟɧɢɸ ɩɪɢ ɞɟɣɫɬɜɢɢ ɨɞ-

ɧɨɤɪɚɬɧɨɣ ɧɚɝɪɭɡɤɢ – ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɭɞɚɪɚ, ɜɨɡɧɢɤɲɟɝɨ ɜɧɭɬɪɢ ɝɟɧɟɪɚɬɨɪɚ. 



ȀРȁДЫ  ВИАМ                                                                                                               №5 (53) 2017 

 

 

75 

 

 
Ɋɢɫ. 4. Ɋɟɡɭɥɶɬɚɬɵ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɦɢɤɪɨɚɧɚɥɢɡɚ: 
ɚ – ɭɱɚɫɬɨɤ ɢɡɥɨɦɚ ɫ ɯɪɭɩɤɨɣ ɱɚɫɬɢɰɟɣ ɢ ɜɵɞɟɥɟɧɧɨɣ ɨɛɥɚɫɬɶɸ ɞɥɹ ɚɧɚɥɢɡɚ; ɛ – ɫɩɟɤɬɪɨ-

ɝɪɚɦɦɚ ɱɚɫɬɢɰɵ 
 

Ɇɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɦɢɤɪɨɚɧɚɥɢɡɚ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɯɪɭɩɤɢɟ ɱɚɫɬɢ-
ɰɵ ɜ ɢɡɥɨɦɚɯ ɨɛɨɢɯ ɫɩɥɚɜɨɜ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɮɚɡɭ ɧɚ ɨɫɧɨɜɟ ɤɪɟɦɧɢɹ (ɪɢɫ. 4). 

 
Ɋɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

Ɋɚɫɲɢɮɪɨɜɤɭ ɪɟɧɬɝɟɧɨɝɪɚɦɦ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɛɚɥɥɚ ɩɨɪɢɫɬɨɫɬɢ ɜ ɨɛɪɚɡɰɚɯ ɢɡ ɥɢ-
ɬɟɣɧɵɯ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ȼȺɅ8 ɢ ȺɅ9 ɩɪɨɜɨɞɢɥɢ ɩɨ «ɒɤɚɥɟ ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɷɬɚɥɨ-
ɧɨɜ ɩɨɪɢɫɬɨɫɬɢ ɨɬɥɢɜɨɤ ɢɡ ɫɩɥɚɜɨɜ ɬɢɩɚ «ɫɢɥɭɦɢɧ». ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɲɢɮɪɨɜɤɢ ɭɫɬɚɧɨɜ-
ɥɟɧɨ, ɱɬɨ ɮɪɚɝɦɟɧɬ ɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɢɡ ɫɩɥɚɜɚ ȺɅ9 ɢɦɟɟɬ ɩɨɪɢɫɬɨɫɬɶ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɤɨ-
ɬɨɪɨɣ ɥɟɠɢɬ ɜ ɩɪɟɞɟɥɚɯ 45 ɛɚɥɥɚ, ɱɬɨ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɵɣ βγ ɛɚɥɥ ɩɨɪɢɫɬɨɫɬɢ ɫɨ-
ɝɥɚɫɧɨ «ɒɤɚɥɟ ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɷɬɚɥɨɧɨɜ ɩɨɪɢɫɬɨɫɬɢ ɨɬɥɢɜɨɤ ɢɡ ɫɩɥɚɜɨɜ ɬɢɩɚ «ɫɢɥɭɦɢɧ». 

Ɏɪɚɝɦɟɧɬ ɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɢɡ ɫɩɥɚɜɚ ȼȺɅ8 ɢɦɟɟɬ ɞɨɩɭɫɬɢɦɭɸ ɩɨɪɢɫɬɨɫɬɶ, ɢɧ-
ɬɟɧɫɢɜɧɨɫɬɶ ɤɨɬɨɪɨɣ ɥɟɠɢɬ ɜ ɩɪɟɞɟɥɚɯ βγ ɛɚɥɥɚ. 
 

Ɉɰɟɧɤɚ ɬɜɟɪɞɨɫɬɢ ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɡɚɦɟɪɚ ɬɜɟɪɞɨɫɬɢ ɜɞɚɜɥɢɜɚɧɢɟɦ ɫɬɚɥɶɧɨɝɨ ɲɚɪɢɤɚ ɫ ɧɚɝɪɭɡɤɨɣ 

100 ɤɝ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɬɜɟɪɞɨɫɬɢ ɞɥɹ ɫɩɥɚɜɚ ȼȺɅ8 ɫɨɫɬɚɜɥɹɟɬ 
129 ɇȼ, ɚ ɞɥɹ ɫɩɥɚɜɚ ȺɅ9: 76 ɇȼ. ɋɩɥɚɜ ɦɚɪɤɢ ȼȺɅ8 (ȺɄ8Ɇγɱ.) ɜ ɫɨɫɬɨɹɧɢɢ Ɍ5 (ɧɟ-
ɩɨɥɧɚɹ ɡɚɤɚɥɤɚ ɧɚ ɩɪɟɫɫɟ) ɩɨ ȽɈɋɌ 158γ–93 ɞɨɥɠɟɧ ɢɦɟɬɶ ɇȼ≥90. 

ɋɩɥɚɜ ɦɚɪɤɢ ȺɅ9 (ȺɄ7ɱ.) ɜ ɫɨɫɬɨɹɧɢɢ Ɍ7 ɩɨ ȽɈɋɌ 158γ–9γ ɞɨɥɠɟɧ ɢɦɟɬɶ 
ɇȼ≥60, ɬ. ɟ. ɡɧɚɱɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɟɛɨɜɚɧɢɹɦ ɞɚɧɧɨɝɨ ȽɈɋɌ. 

ɇɚ ɦɟɯɚɧɢɱɟɫɤɢ ɲɥɢɮɨɜɚɧɧɵɯ ɧɟɬɪɚɜɥɟɧɵɯ ɨɛɪɚɡɰɚɯ ɜɢɡɭɚɥɶɧɨ ɨɩɪɟɞɟɥɹɸɬ 
ɧɚɥɢɱɢɟ ɝɪɭɛɵɯ ɞɟɮɟɤɬɨɜ ɬɢɩɚ ɤɪɭɩɧɵɯ ɩɨɪ, ɪɚɤɨɜɢɧ, ɬɪɟɳɢɧ ɢ ɨɬɞɟɥɶɧɵɯ ɫɤɨɩɥɟɧɢɣ 
ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ, ɤɪɢɫɬɚɥɥɨɜ ɤɪɟɦɧɢɹ ɢ ɞɪ., ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɩɨ ɰɜɟɬɭ ɢ ɮɨɪɦɟ. ɉɨɫɥɟ-
ɞɭɸɳɟɟ ɬɪɚɜɥɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɦɚɤɪɨɫɬɪɨɟ-
ɧɢɹ, ɯɚɪɚɤɬɟɪ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ ɞɟɮɟɤɬɨɜ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɪɨɜɨɞɢɥɢ ɩɨɫɥɟ ɬɪɚɜɥɟɧɢɹ ɜ 0,5%-ɧɨɦ ɜɨɞɧɨɦ 
ɪɚɫɬɜɨɪɟ ɩɥɚɜɢɤɨɜɨɣ ɤɢɫɥɨɬɵ ɧɚ ɲɥɢɮɚɯ (ɨɞɢɧ ɢɡ ɤɪɚɟɜ ɲɥɢɮɚ ɜɵɯɨɞɢɥ ɧɚ ɬɪɟɳɢɧɭ) 
ɢɡ ɫɩɥɚɜɨɜ ȼȺɅ8 ɢ ȺɅ9. 

ȼ ɫɩɟɰɢɚɥɶɧɵɯ ɫɢɥɭɦɢɧɚɯ (ɬɚɤɢɯ ɤɚɤ ɫɩɥɚɜ ȺɅ9) ɩɪɢ ɜɜɟɞɟɧɢɢ ɜ ɧɢɯ ɦɚɝɧɢɹ ɨɛ-
ɪɚɡɭɟɬɫɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞ Mg2Si, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɭɩɪɨɱɧɹɸɳɟɣ ɮɚɡɨɣ. ȼ ɥɢɬɨɦ  
ɫɨɫɬɨɹɧɢɢ ɤɪɭɩɧɵɟ ɜɵɞɟɥɟɧɢɹ Mg2Si ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ, ɩɪɢɞɚɜɚɹ ɫɩɥɚ-
ɜɭ ɯɪɭɩɤɨɫɬɶ. ȼ ɫɩɥɚɜɵ ɬɢɩɚ ȼȺɅ8 ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɫ ɦɚɝɧɢɟɦ ɜɜɨɞɢɬɫɹ ɦɟɞɶ ɜ ɤɨɥɢ-
ɱɟɫɬɜɟ ɨɬ 1 ɞɨ 7% (ɩɨ ɦɚɫɫɟ). ɉɪɢ ɷɬɨɦ ɜ ɫɩɥɚɜɟ ɮɨɪɦɢɪɭɸɬɫɹ ɧɨɜɵɟ ɭɩɪɨɱɧɹɸɳɢɟ 
ɮɚɡɵ – ɜ ɱɚɫɬɧɨɫɬɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞ CuAl2. Ⱦɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ ɭɜɟɥɢɱɟɧɢɹ 
ɩɥɚɫɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɨɬɥɢɜɤɢ ɢɡ ɫɩɟɰɢɚɥɶɧɵɯ ɫɢɥɭɦɢɧɨɜ ɩɨɞɜɟɪɝɚɸɬ ɡɚɤɚɥɤɟ ɢ ɢɫ-
ɤɭɫɫɬɜɟɧɧɨɦɭ ɫɬɪɨɟɧɢɸ Д9Ж. 
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ɋɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ ȼȺɅ8-Ɍ5 (ɪɢɫ. 5, ɚ) ɩɨ ɜɫɟɦɭ ɩɨɥɸ ɲɥɢɮɚ (ɜ ɬɨɦ ɱɢɫɥɟ ɪɹɞɨɦ 
ɫ ɬɪɟɳɢɧɨɣ) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɫɩɥɚɜɚ ȼȺɅ8 ɩɪɢ ɥɢɬɶɟ ɜ ɩɟɫɱɚɧɭɸ ɮɨɪɦɭ ɜ 
ɫɨɫɬɨɹɧɢɢ Ɍ5 ɩɨ ɊɌɆ 1.β.148–91 «Ⱥɥɸɦɢɧɢɟɜɵɟ ɥɢɬɟɣɧɵɟ ɫɩɥɚɜɵ, ɨɬɥɢɬɵɟ ɜ ɩɟɫɱɚɧɵɟ 
ɮɨɪɦɵ. Ɉɩɪɟɞɟɥɟɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ». ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ×500 (ɪɢɫ. 5, ɛ) ɧɚɛɥɸɞɚɸɬɫɹ ɱɚ-
ɫɬɢɰɵ ɮɚɡɵ CuAl2, ɧɟɞɨɪɚɫɬɜɨɪɢɜɲɢɟɫɹ ɩɪɢ ɧɚɝɪɟɜɟ ɩɨɞ ɡɚɤɚɥɤɭ, ɢ ɧɟɛɨɥɶɲɚɹ ɩɨɪɢɫɬɨɫɬɶ. 

 

 
Ɋɢɫ. 5. ɋɬɪɭɤɬɭɪɵ ɫɩɥɚɜɨɜ ȼȺɅ8-Ɍ5 (ɚ, ɛ) ɢ ȺɅ9-Ɍ7 (ɜ, ɝ) 

 
ɋɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ ȺɅ9-Ɍ7 (ɪɢɫ. 5, ɜ) ɩɨ ɜɫɟɦɭ ɩɨɥɸ ɲɥɢɮɚ (ɜ ɬɨɦ ɱɢɫɥɟ ɪɹɞɨɦ ɫ 

ɬɪɟɳɢɧɨɣ) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɫɩɥɚɜɚ ȺɅ9 ɩɪɢ ɥɢɬɶɟ ɜ ɩɟɫɱɚɧɭɸ ɮɨɪɦɭ ɜ 
ɬɟɪɦɨɨɛɪɚɛɨɬɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ Ɍ7. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɪ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɢ ɤɪɭɩɧɵɯ, ɩɨ ɜɫɟɦɭ ɩɨɥɸ ɲɥɢɮɚ. 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ×500 (ɪɢɫ. 5, ɝ) ɡɟɪɧɚ α-ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɨɤɪɭɠɟɧɵ ɞɨɜɨɥɶɧɨ 
ɤɪɭɩɧɵɦɢ ɱɚɫɬɢɰɚɦɢ ɤɪɟɦɧɢɹ, ɬɚɤ ɤɚɤ ɩɪɢ ɫɬɚɪɟɧɢɢ ɩɨ ɪɟɠɢɦɭ Ɍ7 ɧɚɱɢɧɚɟɬɫɹ ɤɨɚɝɭɥɹ-
ɰɢɹ ɱɚɫɬɢɰ ɤɪɟɦɧɢɹ. 
 

Ɉɛɫɭɠɞɟɧɢɟ ɢ ɡɚɤɥɸɱɟɧɢɹ 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨ ɯɢɦɢɱɟɫɤɨɦɭ 

ɫɨɫɬɚɜɭ ɫɩɥɚɜɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɚɪɤɚɦ ȼȺɅ8 (ȺɄ8Ɇγɱ.) ɢ ȺɅ9 (ȺɄ7ɱ.). 
ɉɨ ɭɪɨɜɧɸ ɡɧɚɱɟɧɢɣ ɬɜɟɪɞɨɫɬɢ (1β9 ɇȼ – ɞɥɹ ɫɩɥɚɜɚ ȼȺɅ8, 76 ɇȼ – ɞɥɹ ɫɩɥɚɜɚ 

ȺɅ9) ɫɩɥɚɜɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ 158γ–93. 
Ⱦɟɬɚɥɢ ɢɡ ɫɩɥɚɜɚ ȼȺɅ8 ɢɦɟɸɬ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɦɢɤɪɨɫɬɪɭɤ-

ɬɭɪɟ ɫɩɥɚɜɚ ɩɪɢ ɥɢɬɶɟ ɜ ɩɟɫɱɚɧɭɸ ɮɨɪɦɭ ɜ ɫɨɫɬɨɹɧɢɢ Ɍ5 ɩɨ ɊɌɆ1.β.148–91 «Ⱥɥɸɦɢɧɢ-
ɟɜɵɟ ɥɢɬɟɣɧɵɟ ɫɩɥɚɜɵ, ɨɬɥɢɬɵɟ ɜ ɩɟɫɱɚɧɵɟ ɮɨɪɦɵ. Ɉɩɪɟɞɟɥɟɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ». 

Ⱦɟɬɚɥɢ ɢɡ ɫɩɥɚɜɚ ȺɅ9 ɢɦɟɸɬ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɦɢɤɪɨɫɬɪɭɤɬɭ-
ɪɟ ɫɩɥɚɜɚ ɩɪɢ ɥɢɬɶɟ ɜ ɩɟɫɱɚɧɭɸ ɮɨɪɦɭ ɜ ɫɨɫɬɨɹɧɢɢ Ɍ7. 
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Ɇɟɬɨɞɚɦɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɨɝɨ, ɮɪɚɤɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɢ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ 
ɚɧɚɥɢɡɨɜ ɜ ɞɟɬɚɥɹɯ ɢɡ ɫɩɥɚɜɚ ȺɅ9 ɨɛɧɚɪɭɠɟɧɚ ɩɨɪɢɫɬɨɫɬɶ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 4–5 ɛɚɥɥɭ 
ɩɨ «ɒɤɚɥɟ ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɷɬɚɥɨɧɨɜ ɩɨɪɢɫɬɨɫɬɢ ɨɬɥɢɜɨɤ ɢɡ ɫɩɥɚɜɨɜ ɬɢɩɚ «ɫɢɥɭɦɢɧ», 
ɱɬɨ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɵɣ β–γ ɛɚɥɥ ɩɨɪɢɫɬɨɫɬɢ. ȼ ɨɛɪɚɡɰɚɯ ɢɡ ɫɩɥɚɜɚ ȼȺɅ8 ɩɨɪɢ-
ɫɬɨɫɬɶ ɧɚɯɨɞɢɬɫɹ ɧɚ ɞɨɩɭɫɬɢɦɨɦ ɭɪɨɜɧɟ – ɜ ɩɪɟɞɟɥɚɯ β–γ ɛɚɥɥɚ. 

ɋɬɪɨɟɧɢɟ ɢɡɥɨɦɨɜ ɨɛɨɢɯ ɫɩɥɚɜɨɜ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɪɚɡɪɭɲɟɧɢɟ ɞɟɬɚ-
ɥɟɣ ɩɪɨɢɡɨɲɥɨ ɩɪɢ ɞɟɣɫɬɜɢɢ ɨɞɧɨɤɪɚɬɧɨɣ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ (ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɭɞɚɪ, 
ɜɨɡɧɢɤɲɢɣ ɜɧɭɬɪɢ ɝɟɧɟɪɚɬɨɪɚ) ɢ ɪɚɡɜɢɜɚɥɨɫɶ ɫ ɧɚɪɭɠɧɨɣ ɫɬɨɪɨɧɵ ɳɢɬɚ. Ɋɚɡɪɭɲɟɧɢɸ 
ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɧɚɝɪɭɡɤɢ ɫɩɨɫɨɛɫɬɜɨɜɚɥɨ ɨɬɫɭɬɫɬɜɢɟ ɪɚɞɢɭɫɚ ɩɟɪɟɯɨɞɚ ɜ ɦɟɫɬɟ ɢɡɦɟɧɟ-
ɧɢɹ ɬɨɥɳɢɧ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɩɨɪɢɫɬɨɫɬɢ ɜ ɫɩɥɚɜɟ ȺɅ9 ɩɪɢɜɟɥ ɤ 
ɭɦɟɧɶɲɟɧɢɸ ɩɥɨɳɚɞɢ ɪɚɛɨɱɟɝɨ ɫɟɱɟɧɢɹ ɞɟɬɚɥɢ. 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɥɢɬɵɯ ɞɟɬɚɥɟɣ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɪɟɤɨɦɟɧɞɨ-
ɜɚɧɨ ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɧɚɥɢɱɢɟ ɪɚɞɢɭɫɚ ɩɟɪɟɯɨɞɚ ɜ ɦɟɫɬɟ ɢɡɦɟɧɟɧɢɹ ɬɨɥɳɢɧ, ɤɨɬɨɪɨɟ ɫɩɨ-
ɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ ɢ ɭɦɟɧɶɲɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɹɜɥɟɧɢɹ 
ɬɪɟɳɢɧ ɜɛɥɢɡɢ ɦɟɫɬɚ ɩɟɪɟɯɨɞɚ. 
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ɍȾɄ 669.017 
 
Ɋ.Ɇ. ɇɚɡɚɪɤɢɧ1, ɋ.ɉ. Ʉɨɧɨɤɨɬɢɧ1 
 
ȼɅɂəɇɂȿ  ɈȻɊȺȻɈɌɄɂ  ɗɅȿɄɌɊɈɆȺȽɇɂɌɇɕɆ  ɉɈɅȿɆ 
ɉɊɂ  ɄɊɂɋɌȺɅɅɂɁȺɐɂɂ  ɇȺ  ɆȿɏȺɇɂɑȿɋɄɂȿ  ɋȼɈɃɋɌȼȺ  
ɋɉɅȺȼɈȼ  ɋɂɋɌȿɆ  Ni–Al  ɂ  Co–Cr–Al–Ni 
 
DOI: 10.18577/2307-6046-2017-0-5-10-10 
 

ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦ Ni–Al ɢ Co–Cr–Al–Ni–Y, ɫɤɥɨɧɧɵɯ ɤ ɩɪɨɹɜɥɟ-
ɧɢɸ ɯɥɚɞɧɨɥɨɦɤɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɪɚɜɧɨɨɫɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɷɥɟɤɬɪɨɦɚɝ-
ɧɢɬɧɨɦ ɩɨɥɟ. ȼ ɫɩɥɚɜɚɯ ɫɢɫɬɟɦ Ni–Al ɢ Co–Cr–Al–Ni–Y, ɩɨɞɜɟɪɝɚɜɲɢɯɫɹ ɨɛɪɚɛɨɬɤɟ ɪɚɫ-
ɩɥɚɜɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɨɛɧɚɪɭɠɟɧɨ ɭɦɟɧɶɲɟɧɢɟ ɪɚɡɦɟɪɨɜ 
ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, ɧɚɛɥɸɞɚɥɨɫɶ ɨɛɪɚɡɨɜɚɧɢɟ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɬɟɤɫɬɭ-
ɪɵ. Ⱦɥɹ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Ni–Al ɜɵɹɜɥɟɧɚ ɥɢɧɟɣɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɭɜɟɥɢɱɟɧɢɹ ɭɞɚɪɧɨɣ ɜɹɡ-
ɤɨɫɬɢ ɨɬ ɩɨɜɵɲɟɧɢɹ ɢɧɞɭɤɰɢɢ ɩɪɢɥɨɠɟɧɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ ɩɨɬɟɪɸ 
ɦɚɫɫɵ ɨɛɪɚɡɰɚ ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Ni–Al ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ. Ɉɬɦɟɱɟɧɨ 
ɬɚɤɠɟ ɢɡɦɟɧɟɧɢɟ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɫɩɥɚɜɨɜ, ɚ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɭ 
ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Ni–Al ɫɬɪɭɤɬɭɪɚ ɦɚɬɟɪɢɚɥɚ ɫɨɯɪɚɧɢɥɚ ɨɞɧɨɪɨɞɧɨɫɬɶ, ɱɬɨ ɧɚɪɹɞɭ ɫ 
ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɨɱɟɜɢɞɧɨ, ɨɤɚɡɵɜɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɨɟ 
ɜɥɢɹɧɢɟ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

Кɥюɱɟɜыɟ ɫɥɨɜɚ: ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɫɩɥɚɜɨɜ, ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ, 
ɧɢɤɟɥɟɜɵɣ ɫɩɥɚɜ, ɤɨɛɚɥɶɬɨɜɵɣ ɫɩɥɚɜ, ɭɞɚɪɧɚɹ ɜɹɡɤɨɫɬɶ, ɬɟɤɫɬɭɪɚ. 

 
The research of Ni–Al alloy and Co–Cr–Al–Ni–Y alloy are provided. Those alloys has ten-

dency to the cold brittleness at the room temperature. The alloy of Ni–Al system and alloy of 
Co–Cr–Al–Ni–Y system were produced by the technique of electro-magnetic field treatment 
during equiaxal solidification. It is shown that Ni–Al alloy and Co–Cr–Al–Ni–Y alloy after the 
electro-magnetic field treatment of liquid metal during crystallization process the size of con-
stituents are decreasing. In addition, the formation of crystallographic texture for researched 
alloys is detected. For Ni–Al alloy the linear dependence of impact hardness growth on increase 
of electro-magnetic field induction is identified. It is shown that using of the electro-magnetic 
field treatment at the crystallization process lead to significantly reduction of the weight loss af-
ter heat resistance testing for Ni–Al alloy samples. In addition, the change of phase structure of 
Ni–Al alloy which produced by electro-magnetic field treatment is noted. The microstructure of 
Ni–Al alloy after heat resistance testing is homogenous that shown the thermal stability of mi-
crostructure. Obviously, this fact will have positive influence on the mechanical property  
of alloy. 

Keywords: electromagnetic field, alloy solidification, microstructure, nickel alloy, cobalt al-
loy, impact hardness, crystallographic texture. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
state unitary enterprise «AХХ-RЮssТКЧ sМТОЧЭТПТМ rОsОКrМС ТЧsЭТЭЮЭО ШП КЯТКЭТШЧ ЦКЭОrТКХs» State research center 
of the Russian Federation]; e-mail: admin@viam.ru 
 

ȼɜɟɞɟɧɢɟ 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ β.1. 

«Ɏɭɧɞɚɦɟɧɬɚɥɶɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡ-
ɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ») Д1Ж. 



ȀРȁДЫ  ВИАМ                                                                                                               №5 (53) 2017 

 

 

79 

 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ ɭɪɨɜɧɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɥɢɬɶɹ ɞɟɬɚɥɟɣ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨ-
ɜɨɤ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ – ɫ ɩɨɦɨɳɶɸ ɜɜɟ-
ɞɟɧɢɹ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ Дβ, γЖ. Ɉɞɧɚɤɨ ɬɚɤɨɣ ɦɟɬɨɞ ɧɟ ɬɟɪɹɟɬ ɫɜɨɸ ɚɤɬɭɚɥɶɧɨɫɬɶ ɢ 
ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ [4–6], ɧɨ ɢɦɟɟɬ ɨɝɪɚɧɢɱɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɣ 
ɩɪɢɪɨɞɨɣ ɫɩɥɚɜɨɜ, ɬ. ɟ. ɮɢɡɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɨ ɛɟɫɤɨɧɟɱɧɨ ɩɨɜɵɲɚɬɶ ɫɨɞɟɪɠɚɧɢɟ ɥɟɝɢ-
ɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɫɩɥɚɜɟ ɢ ɭɜɟɥɢɱɢɜɚɬɶ ɢɯ ɱɢɫɥɨ. ɂɡɜɟɫɬɧɨ ɬɚɤɠɟ, ɱɬɨ ɫɭɳɟɫɬɜɭɸ-
ɳɢɟ ɦɟɬɨɞɵ ɜɵɩɥɚɜɤɢ ɫɩɥɚɜɨɜ ɢ ɢɯ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (ɬɚɤɢɟ, ɤɚɤ ɪɚɜɧɨɨɫɧɚɹ ɢ ɧɚɩɪɚɜ-
ɥɟɧɧɚɹ) ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɩɨɥɧɨɫɬɶɸ ɧɟ ɪɟɲɚɸɬ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɪɚɜɧɨɨɫɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚ-
ɰɢɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɨɜ ɥɢɦɢɬɢɪɭɸɬɫɹ ɩɪɨɱɧɨɫɬɶɸ ɝɪɚɧɢɰ ɡɟɪɟɧ, ɚ ɧɚɩɪɚɜ-
ɥɟɧɧɚɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɫɩɥɚɜɨɜ ɹɜɥɹɟɬɫɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɫɥɨɠɧɵɦ ɢ ɜɟɫɶɦɚ ɞɨɪɨɝɢɦ 
ɦɟɬɨɞɨɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɥɢɬɵɯ ɞɟɬɚɥɟɣ ɞɥɹ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦ ɩɨɢɫɤ 
ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɨɛɪɚɛɨɬɤɢ ɫɩɥɚɜɨɜ ɢ ɢɡɞɟɥɢɣ ɢɡ ɧɢɯ ɞɥɹ ɷɤɨɧɨɦɢɱɟ-
ɫɤɢ ɨɩɪɚɜɞɚɧɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɞɚɥɶɧɟɣɲɟɝɨ ɩɨɜɵɲɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɢ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ȼ ɫɜɹɡɢ ɫ ɬɟɦ ɱɬɨ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɦɟɬɨɞɢɤɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 
ɧɚ ɪɚɫɩɥɚɜ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɢɨɛɪɟɬɚɸɬ ɜ ɦɢɪɟ ɜɫɟ ɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɜɜɢɞɭ ɢɯ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ Д7–9Ж, ɩɪɢɦɟɧɟɧɢɟ ɩɨɞɨɛɧɨɝɨ ɦɟɬɨɞɚ ɦɨɝɥɨ ɛɵ ɫɬɚɬɶ ɪɟɲɟɧɢɟɦ ɷɬɨɣ 
ɩɪɨɛɥɟɦɵ. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɪɢɧɰɢɩɚɯ ɦɚɝɧɢɬɧɨɣ ɝɢɞɪɨɞɢɧɚɦɢ-
ɤɢ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɩɥɚɜɚ ɛɥɚɝɨɞɚɪɹ ɜɨɡɞɟɣ-
ɫɬɜɢɸ ɧɚ ɧɟɝɨ ɛɟɝɭɳɢɦ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ Д10, 11Ж. 
 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 
Ɍɟɯɧɨɥɨɝɢɹ ɨɛɪɚɛɨɬɤɢ ɪɚɫɩɥɚɜɚ ɦɟɬɚɥɥɚ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɦ ɨɞɧɨɩɨɥɸɫɧɨɦ ɢɧ-

ɞɭɤɬɨɪɟ ɫ ɛɟɝɭɳɢɦ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ. Ʌɢɬɟɣɧɚɹ ɤɟɪɚɦɢɱɟɫɤɚɹ 
ɮɨɪɦɚ, ɢɡɝɨɬɨɜɥɟɧɧɚɹ ɢɡ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɮɨɪɦɭɟɬɫɹ ɜ 
ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɨɩɨɤɭ ɢɡ ɨɤɫɢɞɚ ɦɚɝɧɢɹ (ɤɨɬɨɪɵɣ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨ-
ɫɬɶɸ) ɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɪɚɛɨɱɢɣ ɨɛɴɟɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɧɞɭɤɬɨɪɚ (ɪɢɫ. 1), ɤɨɬɨ-
ɪɵɣ ɧɚɯɨɞɢɬɫɹ ɜ ɡɚɥɢɜɨɱɧɨɣ ɤɚɦɟɪɟ ɜɚɤɭɭɦɧɨ-ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɥɚɜɢɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 
(ɪɢɫ. β). Ɋɚɫɩɥɚɜɥɟɧɧɵɣ ɦɟɬɚɥɥ ɡɚɥɢɜɚɟɬɫɹ ɜ ɥɢɬɟɣɧɭɸ ɮɨɪɦɭ ɩɪɢ ɜɤɥɸɱɟɧɧɨɦ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɨɦ ɢɧɞɭɤɬɨɪɟ, ɫɨɡɞɚɸɳɢɦ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɟ ɛɟɝɭɳɟɟ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ. 
ȼɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɪɚɫɩɥɚɜɚ ɦɟɬɚɥɥɚ ɡɚɜɢɫɢɬ ɨɬ ɦɚɫɫɵ ɦɟɬɚɥɥɚ Д1β–15]. 

 
Ɋɢɫ. 1. ɐɢɥɢɧɞɪɢɱɟɫɤɢɣ ɨɞɧɨɩɨɥɸɫɧɵɣ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɢɧɞɭɤɬɨɪ: 1 – ɮɚɡɧɵɟ ɤɚɬɭɲɤɢ;  

2 – ɜɨɞɨɨɯɥɚɠɞɚɟɦɵɣ ɤɨɪɩɭɫ; 3 – ɩɟɱɶ ɩɨɞɨɝɪɟɜɚ ɮɨɪɦɵ; 4 – ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɨɩɨɤɚ; 5 – ɤɟɪɚɦɢ-
ɱɟɫɤɚɹ ɥɢɬɟɣɧɚɹ ɮɨɪɦɚ; 6 – ɮɨɪɦɨɜɨɱɧɵɣ ɧɚɩɨɥɧɢɬɟɥɶ 
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Ɋɢɫ. β. ȼɚɤɭɭɦɧɨ-ɢɧɞɭɤɰɢɨɧɧɚɹ ɩɥɚɜɢɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɩɨɥɭɧɟɩɪɟɪɵɜɧɨɝɨ ɞɟɣɫɬɜɢɹ ɬɢɩɚ 
ɍɉɉɎ (ȼɂȺɆ) 

 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪ-

ɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɞɥɢɬɟɥɶɧɨ ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 
1200–1γ00°ɋ, ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɧɟ ɞɟɝɪɚɞɢɪɭɸɳɟɣ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɜɵɫɨɤɨɣ ɫɬɨɣɤɨɫɬɶɸ ɤ ɨɤɢɫɥɟɧɢɸ, ɜɵɫɨɤɢɦ ɦɨɞɭɥɟɦ ɭɩɪɭɝɨɫɬɢ ɢ ɩɨɧɢ-
ɠɟɧɧɨɣ ɩɥɨɬɧɨɫɬɶɸ. Ɍɚɤɢɦ ɦɚɬɟɪɢɚɥɨɦ ɦɨɝ ɛɵ ɫɬɚɬɶ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɣ ɫɩɥɚɜ ɫɢɫɬɟɦɵ 
Ni–Al (ɫɨɫɬɨɹɳɢɣ ɢɡ ɮɚɡ Ȗ-Ni3Al ɢ ȕ-NiAl), ɤɨɬɨɪɵɣ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɚɥɸɦɢɧɢɹ 1ޓγ% 
(ɩɨ ɦɚɫɫɟ) ɫɬɚɧɨɜɢɬɫɹ ɯɥɚɞɧɨɥɨɦɤɢɦ. 

ɋ ɭɱɟɬɨɦ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɛɢɧɚɪ-
ɧɵɣ ɫɩɥɚɜ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɤɥɚɫɫɚ ɫɨɫɬɚɜɚ Ni–18% (ɩɨ ɦɚɫɫɟ) Al, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ 
ɢɧɬɟɪɟɫ ɜ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɠɚɪɨɩɪɨɱɧɵɯ 
ɫɩɥɚɜɨɜ, ɧɨ ɧɟ ɧɚɲɟɞɲɢɣ ɩɪɢɦɟɧɟɧɢɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɞɟɬɚɥɟɣ ɝɨɪɹɱɟɝɨ ɬɪɚɤɬɚ ɝɚɡɨɬɭɪ-
ɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɢɡ-ɡɚ ɫɜɨɟɣ ɯɥɚɞɧɨɥɨɦɤɨɫɬɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 

ɇɚ ɪɢɫ. γ ɩɪɟɞɫɬɚɜɥɟɧ ɥɢɬɨɣ ɛɥɨɤ ɫ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦɢ ɡɚɝɨɬɨɜɤɚɦɢ ɨɛɪɚɡɰɨɜ, ɩɨ-
ɥɭɱɟɧɧɵɣ ɦɟɬɨɞɨɦ ɜɚɤɭɭɦɧɨ-ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɥɚɜɤɢ ɫ ɨɛɪɚɛɨɬɤɨɣ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ (50 Ƚɰ) ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 
ȼɟɥɢɱɢɧɭ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɜɨɡɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ ɦɟɬɚɥɥ ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥ-
ɥɢɡɚɰɢɢ, ɢɡɦɟɧɹɥɢ ɨɬ 1β,1∙10-3 ɞɨ ββ,6·10-3 Ɍɥ. Ɋɚɡɦɟɪ ɥɢɬɨɝɨ ɛɥɨɤɚ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɢɥ: 
ɞɢɚɦɟɬɪ 80 ɦɦ, ɜɵɫɨɬɚ зβγ0 ɦɦ, ɞɢɚɦɟɬɪ ɨɛɪɚɡɰɨɜ 15,5 ɦɦ, ɞɥɢɧɚ ɨɛɪɚɡɰɨɜ 185 ɦɦ. 

 
 

 
Ɋɢɫ. γ. Ʌɢɬɨɣ ɛɥɨɤ ɨɛɪɚɡɰɨɜ ɢɡ ɨɩɵɬɧɨɝɨ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Ni–18% (ɩɨ ɦɚɫɫɟ) Al, ɩɨɥɭɱɟɧɧɵɣ 

ɦɟɬɨɞɨɦ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦ ɩɨɥɟ 
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Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɥɢɬɵɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɡɚɝɨɬɨɜɨɤ ɨɛɪɚɡɰɨɜ ɦɟɬɚɥɥ ɡɚɥɢɜɚɥɢ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 1600°ɋ ɜ ɥɢɬɟɣɧɭɸ ɤɟɪɚɦɢɱɟɫɤɭɸ ɮɨɪɦɭ, ɧɚɝɪɟɬɭɸ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ  
300–γ50°ɋ. ɉɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɢɡ ɫɩɥɚɜɚ Ni–18% (ɩɨ ɦɚɫɫɟ) Al ɩɨɞɜɟɪɝɚɥɢ ɢɫɩɵɬɚ-
ɧɢɹɦ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1β50°ɋ ɜ ɬɟɱɟɧɢɟ 100 ɱ ɫ ɰɢɤɥɢɱɟɫɤɨɣ ɜɵ-
ɞɟɪɠɤɨɣ 6–8 ɱ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɬɥɢɜɨɤ ɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦ ɩɨ-
ɥɟ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ (50 Ƚɰ) ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɥɨɠɧɨɥɟɝɢɪɨɜɚɧɧɵɣ ɫɩɥɚɜ ɦɚɪɤɢ 
ɋȾɉ-6 ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɫɢɫɬɟɦɵ Co–Ni–Cr–Ⱥl–Y. ȼɵɛɪɚɧɧɵɣ ɫɩɥɚɜ ɢɦɟɟɬ ɩɪɚɤɬɢ-
ɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɬɪɭɛɧɵɯ ɤɚɬɨɞɨɜ; ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɞɟɬɚɥɢ ɩɪɟɞɫɬɚɜ-
ɥɟɧɵ ɧɚ ɪɢɫ. 4. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɩɥɚɜɚ ɋȾɉ-6 ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥ. 1. 
 

 
 

Ɋɢɫ. 4. ȼɧɟɲɧɢɣ ɜɢɞ ɥɢɬɵɯ ɫɨɫɬɚɜɧɵɯ ɬɪɭɛɧɵɯ ɤɚɬɨɞɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɨɛɪɚ-
ɛɨɬɤɢ ɪɚɫɩɥɚɜɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
 

Ɍɚɛɥɢɰɚ 1 
ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɤɚɬɨɞɧɨɝɨ ɫɩɥɚɜɚ ɋȾɉ-6 

ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ) 
Co Ni Al Cr Y 

Ɉɫɧɨɜɚ 8,0 12,0 24,0 0,6 
 

ɉɪɨɰɟɫɫ ɜɵɩɥɚɜɤɢ ɢ ɡɚɥɢɜɤɢ ɦɟɬɚɥɥɚ ɜ ɤɟɪɚɦɢɱɟɫɤɭɸ ɮɨɪɦɭ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɜɚ-
ɤɭɭɦɧɨɣ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɥɚɜɢɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ ɬɢɩɚ ɍɉɉɎ ɫ ɨɛɴɟɦɨɦ ɩɥɚɜɢɥɶɧɨɝɨ 
ɬɢɝɥɹ 40 ɤɝ. Ɉɬɥɢɜɤɢ ɫɨɫɬɨɹɬ ɢɡ ɞɜɭɯ ɩɨɥɨɜɢɧɨɤ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 4. 
 

Ɋɟɡɭɥɶɬɚɬɵ 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Ni–Al, 

ɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ ɛɟɡ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɪɚɫɩɥɚɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɩɨɤɚɡɚɥɨ, ɱɬɨ 
ɪɚɡɦɟɪ ɡɟɪɧɚ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɨɛɪɚɡɰɚ ɫɨɫɬɚɜɥɹɥ 800–1000 ɦɤɦ, ɚ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ  
400–500 ɦɤɦ. ȼ ɫɩɥɚɜɟ ɫɢɫɬɟɦɵ Ni–Al, ɩɨɥɭɱɟɧɧɨɦ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ 
ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɪɚɡɦɟɪ ɡɟɪɧɚ ɫɨɫɬɚɜɥɹɥ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɨɛɪɚɡɰɚ  
350–400 ɦɤɦ, ɚ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ β00–γ00 ɦɤɦ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 5. 

ɂɡ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɜɢɞɧɨ, ɱɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɮɚɡ ɜ ɫɩɥɚ-
ɜɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɨɛɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɚɥɨ ɛɨɥɟɟ 
ɩɥɨɬɧɵɦ ɢ ɨɞɧɨɪɨɞɧɵɦ (ɪɢɫ. 5 ɜ, ɝ), ɱɟɦ ɜ ɫɩɥɚɜɟ, ɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɦ ɛɟɡ ɜɨɡɞɟɣɫɬɜɢɹ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ (ɪɢɫ. 5 ɚ, ɛ). Ɍɜɟɪɞɨɫɬɶ ɫɩɥɚɜɚ, ɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɝɨ ɩɪɢ ɨɛɪɚ-
ɛɨɬɤɟ ɪɚɫɩɥɚɜɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ, ɩɨɜɵɫɢɥɚɫɶ ɧɚ 1β% – ɫ γγ ɞɨ γ7,5 ɇRC. 

ɉɪɢ ɨɰɟɧɤɟ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɮɚɡ ɜ ɫɩɥɚɜɟ, ɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɦ ɛɟɡ 
ɨɛɪɚɛɨɬɤɢ ɪɚɫɩɥɚɜɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ, ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɨɧɨ ɫɨɫɬɚɜɢɥɨ: 66,β% 
Ȗ-ɮɚɡɵ ɢ γγ,8% ȕ-ɮɚɡɵ, ɱɬɨ ɛɥɢɡɤɨ ɤ ɫɨɞɟɪɠɚɧɢɸ ɮɚɡ ɜ ɫɩɥɚɜɟ ɫɨɫɬɚɜɚ Ni–18% (ɩɨ 
ɦɚɫɫɟ) Al, ɪɚɫɫɱɢɬɚɧɧɨɦɭ ɩɨ ɞɢɚɝɪɚɦɦɟ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ Ni–Al ɩɨ ɩɪɚɜɢɥɭ ɨɬɪɟɡɤɨɜ: 
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70,0% (ɩɨ ɦɚɫɫɟ) Ȗ-ɮɚɡɵ ɢ γ0,0% (ɩɨ ɦɚɫɫɟ) ȕ-ɮɚɡɵ. ȼ ɫɩɥɚɜɟ, ɩɪɨɲɟɞɲɟɦ ɨɛɪɚɛɨɬɤɭ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɮɚɡ ɫɨɫɬɚ-
ɜɢɥɨ: 4γ,50% (ɩɨ ɦɚɫɫɟ) Ȗ-ɮɚɡɵ ɢ 56,5% (ɩɨ ɦɚɫɫɟ) ȕ-ɮɚɡɵ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɫɭ-
ɳɟɫɬɜɟɧɧɨɦ ɨɬɤɥɨɧɟɧɢɢ ɨɬ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. 

 
 

Ɋɢɫ. 5. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (×100) ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Ni–18% (ɩɨ ɦɚɫɫɟ) Al, ɩɨɥɭɱɟɧɧɨɝɨ ɛɟɡ 
ɨɛɪɚɛɨɬɤɢ ɪɚɫɩɥɚɜɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ (ɜɟɪɯ (ɚ) ɢ ɧɢɡ (ɛ) ɨɛɪɚɡɰɚ) ɢ ɫ ɨɛɪɚɛɨɬɤɨɣ 
ɪɚɫɩɥɚɜɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ (ɜɟɪɯ (ɜ) ɢ ɧɢɡ (ɝ) ɨɛɪɚɡɰɚ) 
 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Ni–Al, ɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɝɨ ɜ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɨɦ ɩɨɥɟ, ɜɵɹɜɢɥ ɧɚɥɢɱɢɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢ-
ɱɟɫɤɨɣ ɨɪɢɟɧɬɚɰɢɢ Ȗ-ɮɚɡɵ – Д111Ж+Д11γЖ ɢ ȕ-ɮɚɡɵ – [011], ɫɨɜɩɚɞɚɸɳɢɯ ɫ ɨɫɶɸ ɥɢɬɵɯ 
ɡɚɝɨɬɨɜɨɤ ɨɛɪɚɡɰɨɜ Д14Ж. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ 
ɩɨɥɹ, ɜɨɡɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ ɦɟɬɚɥɥ, ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɪɢ ɟɟ ɭɜɟ-
ɥɢɱɟɧɢɢ ɭɞɚɪɧɚɹ ɜɹɡɤɨɫɬɶ ɫɩɥɚɜɚ Ni–18% (ɩɨ ɦɚɫɫɟ) Al ɜɨɡɪɚɫɬɚɟɬ. ɂɡ ɝɪɚɮɢɤɚ ɜɢɞɧɨ 
(ɪɢɫ. 6), ɱɬɨ ɭɞɚɪɧɚɹ ɜɹɡɤɨɫɬɶ ɩɨɜɵɫɢɥɚɫɶ ɜ 1,7 ɪɚɡɚ Д16Ж. 
 

 
Ɋɢɫ. 6. Ɂɚɜɢɫɢɦɨɫɬɶ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Ni–18% (ɩɨ ɦɚɫɫɟ) Al ɨɬ  ɜɟɥɢɱɢɧɵ ɢɧ-

ɞɭɤɰɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ 
 
ɉɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ Д17Ж ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Ni–18% (ɩɨ 

ɦɚɫɫɟ) Al (ɛɟɡ ɨɛɪɚɛɨɬɤɢ ɢ ɫ ɨɛɪɚɛɨɬɤɨɣ ɪɚɫɩɥɚɜɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɩɪɢ ɤɪɢ-
ɫɬɚɥɥɢɡɚɰɢɢ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1β50°ɋ ɜ ɬɟɱɟɧɢɟ 100 ɱ ɫ ɰɢɤɥɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɨɣ 6–8 ɱ 
ɜ ɫɬɪɭɤɬɭɪɟ ɩɪɨɢɡɨɲɟɥ ɩɪɨɰɟɫɫ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 4–6 ɡɟɪɟɧ ɜ ɫɟɱɟɧɢɢ 
ɨɛɪɚɡɰɚ. ɇɚ ɮɨɬɨ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɚ, ɧɟ ɩɨɞɜɟɪɝɚɜɲɟɝɨɫɹ ɨɛɪɚɛɨɬɤɟ ɷɥɟɤɬɪɨɦɚɝ-
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ɧɢɬɧɵɦ ɩɨɥɟɦ, ɜɢɞɧɨ (ɪɢɫ. 7, ɛ), ɱɬɨ ɯɚɪɚɤɬɟɪ ɮɚɡɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɬɚɥ ɩɥɨɬɧɵɦ ɢ 
ɛɨɥɟɟ ɭɩɨɪɹɞɨɱɟɧɧɵɦ, ɬɨɥɳɢɧɚ ɩɥɚɫɬɢɧ Ȗ-ɮɚɡɵ  ɭɦɟɧɶɲɢɥɚɫɶ ɜ 5,8 ɪɚɡɚ, ɩɨ ɫɪɚɜɧɟɧɢɸ 
ɫ ɢɫɯɨɞɧɵɦ ɫɨɫɬɨɹɧɢɟɦ – ɫ 10–β5 ɞɨ 0,9–5,0 ɦɤɦ (ɪɢɫ. 7, ɚ). ɉɨ ɦɟɠɡɟɪɟɧɧɵɦ ɝɪɚɧɢɰɚɦ 
ɰɟɩɨɱɤɨɣ ɪɚɫɩɪɟɞɟɥɢɥɢɫɶ ɜɤɥɸɱɟɧɢɹ ɪɚɡɦɟɪɨɦ ɨɬ 10 ɞɨ 15 ɦɤɦ (ɪɢɫ. 7, ɛ). ɇɚ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɨɛɪɚɡɰɚ ɨɛɧɚɪɭɠɟɧ ɪɵɯɥɵɣ ɫɥɨɣ ɫɜɟɬɥɨɝɨ ɰɜɟɬɚ ɬɨɥɳɢɧɨɣ β40–β90 ɦɤɦ, ɫɨɞɟɪ-
ɠɚɳɢɣ 9,1% (ɩɨ ɦɚɫɫɟ) Al ɢ 90,6% (ɩɨ ɦɚɫɫɟ) Ni (ɪɢɫ. 8). 

 
 

Ɋɢɫ. 7. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Ni–18% (ɩɨ ɦɚɫɫɟ) Al, ɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɝɨ ɛɟɡ ɨɛɪɚ-
ɛɨɬɤɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ, ɞɨ ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ (ɚ) ɢ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵ-
ɬɚɧɢɣ (ɛ) 
 

 
 

Ɋɢɫ. 8. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɨɛɪɚɡɰɚ ɢɡ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Ni–18% (ɩɨ ɦɚɫɫɟ) 
Al, ɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɝɨ ɛɟɡ ɨɛɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ, ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚɪɨ-
ɫɬɨɣɤɨɫɬɶ 
 

Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɮɚɡ ɜ ɨɛɪɚɡɰɚɯ ɢɡ ɫɩɥɚɜɚ, ɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɝɨ ɛɟɡ 
ɨɛɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ, ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɢɡɦɟɧɢɥɨɫɶ: 
ɫɨɞɟɪɠɚɧɢɟ Ȗ-ɮɚɡɵ ɭɦɟɧɶɲɢɥɨɫɶ ɫ 66,β ɞɨ 57,5% (ɩɨ ɦɚɫɫɟ), ɚ ȕ-ɮɚɡɵ ɭɜɟɥɢɱɢɥɨɫɶ ɫ 
γγ,8 ɞɨ 4β,5% (ɩɨ ɦɚɫɫɟ), ɱɬɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɩɥɚɜ ɤɚɤ ɧɟ ɬɟɪɦɨɫɬɚɛɢɥɶɧɵɣ. Ɋɟɡɭɥɶɬɚɬɵ 
ɢɫɩɵɬɚɧɢɣ ɧɚ ɭɞɚɪɧɭɸ ɜɹɡɤɨɫɬɶ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɟɟ ɜɟɥɢɱɢɧɚ ɭɜɟɥɢɱɢɥɚɫɶ ɧɚ 11% ɨɬ ɢɫ-
ɯɨɞɧɨɣ ɢ ɫɨɫɬɚɜɢɥɚ 5,7–7,1 Ⱦɠ/ɫɦ2. 
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ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɢɡ ɮɨɬɨ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɚ, ɩɪɨɲɟɞɲɟɝɨ ɨɛɪɚɛɨɬɤɭ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɨɱɟɜɢɞɧɨ (ɪɢɫ. 9, ɛ), ɱɬɨ ɯɚɪɚɤɬɟɪ ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɹ ɮɚɡ ɜ ɫɩɥɚɜɟ ɫɬɚɥ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɩɥɨɬɧɵɦ ɢ ɭɩɨɪɹɞɨɱɟɧɧɵɦ. Ɍɨɥɳɢɧɚ ɩɥɚ-
ɫɬɢɧ Ȗ-ɮɚɡɵ ɭɦɟɧɶɲɢɥɚɫɶ ɜ 9 ɪɚɡ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦ ɫɨɫɬɨɹɧɢɟɦ – ɫ γ–15 ɞɨ 
0,6–1,4 ɦɤɦ (ɪɢɫ. 9, ɚ). ȼ ɫɬɪɭɤɬɭɪɟ ɢ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ ɨɬɫɭɬɫɬɜɭɸɬ ɜɤɥɸɱɟɧɢɹ ɨɤɪɭɝ-
ɥɨɣ ɮɨɪɦɵ ɫɜɟɬɥɨɝɨ ɰɜɟɬɚ, ɤɨɬɨɪɵɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɫɩɥɚɜɟ ɛɟɡ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɨɛɪɚ-
ɛɨɬɤɢ (ɪɢɫ. 7, ɛ). ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɨɛɧɚɪɭɠɟɧ ɩɥɨɬɧɵɣ ɫɥɨɣ 
ɫɜɟɬɥɨɝɨ ɰɜɟɬɚ ɬɨɥɳɢɧɨɣ 190–β00 ɦɤɦ, ɫɨɞɟɪɠɚɳɢɣ 1β,5% (ɩɨ ɦɚɫɫɟ). Al ɢ 87,5% (ɩɨ 
ɦɚɫɫɟ) Ni (ɪɢɫ. 10). 
 

 
 

Ɋɢɫ. 9. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Ni–18% (ɩɨ ɦɚɫɫɟ) Al, ɩɪɨɲɟɞɲɟɝɨ ɨɛɪɚɛɨɬɤɭ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɞɨ ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ (ɚ) ɢ ɩɨɫɥɟ ɩɪɨɜɟ-
ɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ (ɛ) 
 

 
Ɋɢɫ. 10. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɨɛɪɚɡɰɚ ɢɡ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Ni–18% (ɩɨ ɦɚɫɫɟ) 

Al, ɩɪɨɲɟɞɲɟɝɨ ɨɛɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ 
ɠɚɪɨɫɬɨɣɤɨɫɬɶ 

 
Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɮɚɡ ɜ ɨɛɪɚɡɰɚɯ ɢɡ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Ni–Al, ɩɪɨɲɟɞ-

ɲɟɝɨ ɨɛɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɫɨɫɬɚɜɥɹɸɳɟɟ 4γ,5% (ɩɨ 
ɦɚɫɫɟ) Ȗ-ɮɚɡɵ ɢ 56,5% (ɩɨ ɦɚɫɫɟ) ȕ-ɮɚɡɵ, ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɧɟ ɢɡɦɟ-
ɧɢɥɨɫɶ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɢ ɫɩɥɚɜɚ. ɂɫɩɵɬɚɧɢɹ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ 
ɡɚɝɨɬɨɜɨɤ ɨɛɪɚɡɰɨɜ ɧɚ ɭɞɚɪɧɭɸ ɜɹɡɤɨɫɬɶ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɟɟ ɜɟɥɢɱɢɧɚ ɩɨɜɵɫɢɥɚɫɶ ɧɚ 1γ% 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɢ ɫɨɫɬɚɜɢɥɚ 10,6–1γ,4 Ⱦɠ/ɫɦ2. 
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ɋɨɜɦɟɫɬɧɨ ɫ ɨɛɪɚɡɰɚɦɢ ɢɡ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Ni–18% (ɩɨ ɦɚɫɫɟ) Al, ɩɨɥɭɱɟɧɧɵɦɢ 
ɦɟɬɨɞɨɦ ɪɚɜɧɨɨɫɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (ɤɚɤ ɛɟɡ ɨɛɪɚɛɨɬɤɢ, ɬɚɤ ɢ ɫ ɨɛɪɚɛɨɬɤɨɣ ɷɥɟɤɬɪɨ-
ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ), ɢɫɩɵɬɚɧɢɸ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɩɨɞɜɟɪɝɚɥɢ ɨɛɪɚɡ-
ɰɵ ɢɡ ɷɬɨɝɨ ɫɩɥɚɜɚ, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫ ɦɨɧɨɤɪɢɫɬɚɥ-
ɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ Д111Ж. 

ɇɚ ɮɨɬɨ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Ni–18% (ɩɨ 
ɦɚɫɫɟ) Al ɜɢɞɧɨ (ɪɢɫ. 11), ɱɬɨ ɧɚɝɪɟɜ ɜ ɬɟɱɟɧɢɟ 8 ɢ β4 ɱ ɜɟɞɟɬ ɤ ɮɚɡɨɜɵɦ ɩɪɟɜɪɚɳɟɧɢɹɦ. 
ɉɥɚɫɬɢɧɵ Ȗ-ɮɚɡɵ ɞɪɨɛɹɬɫɹ, ɚ ɢɯ ɬɨɥɳɢɧɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ β ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫ-
ɯɨɞɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɫ γ,0–β0,0 ɞɨ β0,0–β4,0 ɦɤɦ (ɪɢɫ. 11). ɉɨɫɥɟ 48 ɱ ɧɚɝɪɟɜɚ ɯɚɪɚɤɬɟɪ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɚɡ ɫɬɚɧɨɜɢɬɫɹ ɧɟɨɞɧɨɪɨɞɧɵɦ, ɬɨɥɳɢɧɚ ɩɥɚɫɬɢɧ Ȗ-ɮɚɡɵ ɩɪɨɞɨɥɠɚɟɬ 
ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɞɨ β,5 ɪɚɡɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɫɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. ȼ ɫɬɪɭɤɬɭɪɟ ɨɛɪɚɡɭɸɬɫɹ 
ɦɟɥɤɢɟ ɜɵɞɟɥɟɧɢɹ. ɉɨɫɥɟ 100 ɱ ɜɵɞɟɪɠɤɢ ɩɪɨɰɟɫɫ ɨɝɪɭɛɥɟɧɢɹ ɮɚɡɨɜɵɯ ɜɵɞɟɥɟɧɢɣ ɧɟ 
ɩɪɟɤɪɚɳɚɟɬɫɹ. Ɉɧɢ ɩɪɢɨɛɪɟɬɚɸɬ ɨɤɪɭɝɥɨ-ɩɪɨɞɨɥɝɨɜɚɬɭɸ ɮɨɪɦɭ, ɢɯ ɬɨɥɳɢɧɚ ɭɜɟɥɢɱɢ-
ɜɚɟɬɫɹ ɞɨ γ,5 ɪɚɡɚ, ɚ ɬɨɥɳɢɧɚ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɦɟɥɤɢɯ ɜɵɞɟɥɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ 0,8–0,9 ɦɤɦ. 
ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɨɛɪɚɡɭɟɬɫɹ ɩɨɪɢɫɬɵɣ ɫɥɨɣ ɬɨɥɳɢɧɨɣ β40–β90 ɦɤɦ, ɬɚɤɨɣ ɠɟ 
ɤɚɤ ɜ ɫɩɥɚɜɟ ɛɟɡ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (ɪɢɫ. 8). 
 

 
Ɋɢɫ. 11. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Ni–18% (ɩɨ ɦɚɫɫɟ) Al  

(ɚ – ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ) ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1β50°ɋ ɜ ɬɟɱɟɧɢɟ 
8 (ɛ), 24 (ɜ), 48 (ɝ) ɢ 100 ɱ (ɞ) 
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Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɮɚɡ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɜ ɨɛɪɚɡɰɚɯ 
ɫɩɥɚɜɚ ɫ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢɡɦɟɧɢɥɨɫɶ. Ʉɨɥɢɱɟɫɬɜɨ Ȗ-ɮɚɡɵ ɭɦɟɧɶɲɢ-
ɥɨɫɶ ɫ 68,0 ɞɨ 47,β% (ɩɨ ɦɚɫɫɟ), ɚ ȕ-ɮɚɡɵ ɭɜɟɥɢɱɢɥɨɫɶ ɫ γβ,0 ɞɨ 5β,8% (ɩɨ ɦɚɫɫɟ), ɱɬɨ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɫɩɥɚɜ, ɤɚɤ ɧɟ ɨɛɥɚɞɚɸɳɢɣ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶ-
ɧɨɫɬɶɸ ɫɬɪɭɤɬɭɪɵ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɨɛɪɚɡɰɨɜ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Ni–Al, ɩɨɥɭɱɟɧɧɵɯ ɫ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ ɨɛɪɚɛɨɬɤɢ ɪɚɫɩɥɚɜɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ ɧɚ ɭɞɚɪɧɭɸ ɜɹɡɤɨɫɬɶ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɧɚ ɫɧɢɡɢ-
ɥɚɫɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɫɯɨɞɧɨɣ ɧɚ 8,5% (ɩɨ ɦɚɫɫɟ) ɢ ɫɨɫɬɚɜɢɥɚ 7,8–8,6 Ⱦɠ/ɫɦ2. ɂɡ ɝɪɚɮɢɤɚ 
ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɫɩɥɚɜɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɩɥɚɜ ɫ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤ-
ɬɭɪɨɣ ɭɫɬɭɩɚɟɬ ɩɨ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɫɩɥɚɜɭ, ɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɦɭ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɪɚɫɩɥɚɜ – ɜ 1,γγ ɪɚɡɚ. 

ɂɡ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɪɚɜɧɨɨɫɧɨɝɨ ɫɩɥɚɜɚ, ɤɪɢɫɬɚɥ-
ɥɢɡɨɜɚɧɧɨɝɨ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɪɚɫɩɥɚɜ [17, 18], ɫɥɟɞɭɟɬ 
(ɪɢɫ. 1β), ɱɬɨ ɧɚɝɪɟɜ ɜ ɬɟɱɟɧɢɟ 8 ɱ ɜɟɞɟɬ ɤ ɞɪɨɛɥɟɧɢɸ ɢ ɢɡɦɟɥɶɱɟɧɢɸ ɮɚɡɨɜɵɯ ɫɨɫɬɚɜ-
ɥɹɸɳɢɯ. Ɍɨɥɳɢɧɚ ɩɥɚɫɬɢɧ Ȗ-ɮɚɡɵ ɭɦɟɧɶɲɢɥɚɫɶ ɜ 1,1 ɪɚɡɚ – ɫ γ,0–15,0 ɞɨ 6,0–11,0 ɦɤɦ. 
Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɟɟ ɨɞɧɨɪɨɞɧɵɦ. ɉɨɫɥɟ 
ɧɚɝɪɟɜɚ ɨɛɪɚɡɰɨɜ ɫɩɥɚɜɚ ɜ ɬɟɱɟɧɢɟ β4 ɱ ɩɪɨɰɟɫɫ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɡɚɜɟɪɲɢɥɫɹ. 
Ⱦɥɢɧɚ ɩɥɚɫɬɢɧ ɮɚɡ ɭɜɟɥɢɱɢɥɚɫɶ, ɢɯ ɬɨɥɳɢɧɚ ɭɦɟɧɶɲɢɥɚɫɶ ɜ 1,8 ɪɚɡɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɫ-
ɯɨɞɧɨɣ. ɏɚɪɚɤɬɟɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɬɚɥ ɛɨɥɟɟ ɭɩɨɪɹɞɨɱɟɧɧɵɦ. ɉɨɫɥɟ 48 ɱ ɧɚɝɪɟɜɚ ɬɨɥ-
ɳɢɧɚ ɩɥɚɫɬɢɧ Ȗ-ɮɚɡɵ ɭɦɟɧɶɲɢɥɚɫɶ ɜ γ,6 ɪɚɡɚ, ɚ ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɬɚɥɨ ɟɳɟ ɛɨɥɟɟ 
ɩɥɨɬɧɵɦ ɢ ɭɩɨɪɹɞɨɱɟɧɧɵɦ. ɉɨɫɥɟ 100 ɱ ɜɵɞɟɪɠɤɢ ɬɨɥɳɢɧɚ ɩɥɚɫɬɢɧ Ȗ-ɮɚɡɵ ɭɦɟɧɶɲɢ-
ɥɚɫɶ ɜ 9 ɪɚɡ ɢ ɫɨɫɬɚɜɢɥɚ 1,0 ɦɤɦ, ɱɬɨ ɨɛɟɫɩɟɱɢɥɨ ɢɯ ɧɚɢɛɨɥɟɟ ɩɥɨɬɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ. 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɢɡ ɦɨɧɨɤɪɢɫɬɚɥɥɢ-
ɱɟɫɤɨɝɨ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Ni–18% (ɩɨ ɦɚɫɫɟ) Al, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢ-
ɫɬɚɥɥɢɡɚɰɢɢ, ɜɵɹɜɢɥ, ɱɬɨ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɧɚɝɪɟɜɚ ɜ ɧɢɯ ɩɪɨɢɫ-
ɯɨɞɢɬ ɨɝɪɭɛɥɟɧɢɟ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ. Ɍɜɟɪɞɨɫɬɶ ɫɩɥɚɜɚ ɨɫɬɚɥɚɫɶ ɧɚ ɩɪɟɠɧɟɦ 
ɭɪɨɜɧɟ (γγ ɇRɋ). ȼ ɨɛɪɚɡɰɚɯ ɛɢɧɚɪɧɨɝɨ ɫɩɥɚɜɚ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɨɛɪɚɛɨɬɤɢ ɪɚɫ-
ɩɥɚɜɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɜ ɩɪɨɰɟɫɫɟ ɪɚɜɧɨɨɫɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɢɡɦɟɧɟɧɢɹ 
ɪɚɡɦɟɪɨɜ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɩɪɨɯɨɞɹɬ ɦɟɞɥɟɧɧɟɟ. Ɍɜɟɪ-
ɞɨɫɬɶ ɫɩɥɚɜɚ ɩɨɜɵɫɢɥɚɫɶ ɧɚ βγ% ɢ ɫɨɫɬɚɜɢɥɚ 45 ɇRɋ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ  
Ni–18% (ɩɨ ɦɚɫɫɟ) Al, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɪɚɜɧɨɨɫɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (ɤɚɤ ɛɟɡ ɨɛɪɚ-
ɛɨɬɤɢ ɪɚɫɩɥɚɜɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ, ɬɚɤ ɢ ɫ ɨɛɪɚɛɨɬɤɨɣ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ 
ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ), ɚ ɬɚɤɠɟ ɨɛɪɚɡɰɨɜ ɫ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɩɨɥɭɱɟɧɧɵɯ 
ɦɟɬɨɞɨɦ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, – ɩɨɫɬɪɨɟɧɵ ɝɪɚɮɢɤɢ, ɩɨɤɚɡɚɧɧɵɟ ɧɚ ɪɢɫ. 1γ. 
ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɩɥɚɜ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɪɚɫɩɥɚɜɚ ɩɪɢ ɪɚɜɧɨɨɫɧɨɣ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɩɪɟɜɵɲɚɟɬ ɩɨ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɪɚɜɧɨɨɫɧɵɣ 
ɫɩɥɚɜ, ɩɨɥɭɱɟɧɧɵɣ ɛɟɡ ɨɛɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ, – ɜ β,β ɪɚɡɚ, ɚ ɫɩɥɚɜ ɫ ɦɨɧɨ-
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɩɨɥɭɱɟɧɧɵɣ ɦɟɬɨɞɨɦ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, –  
ɜ 1,γ ɪɚɡɚ. 

ɉɪɨɜɟɞɟɧɧɵɟ ɫɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɦɟɬɨɞ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɪɚɫɩɥɚɜ ɜ ɩɪɨɰɟɫɫɟ ɪɚɜɧɨɨɫɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫ ɰɟɥɶɸ 
ɩɨɥɭɱɟɧɢɹ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ ɧɟ ɦɟɧɟɟ ɷɮɮɟɤɬɢɜɧɵɦ, ɱɟɦ 
ɦɟɬɨɞ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɬɥɢɜɨɤ. ɉɪɢɦɟɧɟɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɨɛɪɚɛɨɬ-
ɤɢ ɪɚɫɩɥɚɜɚ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɭɱɚɟɦɨɦɭ ɫɩɥɚɜɭ ɨɞɧɨɪɨɞɧɭɸ, ɭɩɨ-
ɪɹɞɨɱɟɧɧɭɸ ɢ ɬɟɪɦɨɫɬɚɛɢɥɶɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɩɨɥɨɠɢɬɟɥɶɧɨ ɜɥɢɹɸɳɭɸ ɧɚ ɟɝɨ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ, ɚ ɬɚɤɠɟ ɢ ɧɚɭɱɧɨ-
ɬɟɯɧɢɱɟɫɤɢɦɢ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ Д19Ж. 
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Ɋɢɫ. 1β. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɪɚɜɧɨɨɫɧɨɝɨ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Ni–18% (ɩɨ ɦɚɫɫɟ) Al (ɚ – ɢɫɯɨɞɧɨɟ ɫɨɫɬɨ-

ɹɧɢɟ), ɩɨɞɜɟɪɝɲɟɝɨɫɹ ɨɛɪɚɛɨɬɤɟ ɪɚɫɩɥɚɜɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɩɨɫɥɟ ɜɵ-
ɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɧɚɝɪɟɜɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1β50°ɋ ɜ ɬɟɱɟɧɢɟ 8 (ɛ), 24 (ɜ), 48 (ɝ) ɢ 100 ɱ (ɞ) 
 

 
Ɋɢɫ. 1γ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɹ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Ni–Al, ɩɨɥɭɱɟɧɧɨɝɨ 

ɛɟɡ ɨɛɪɚɛɨɬɤɢ (●) ɢ ɫ ɨɛɪɚɛɨɬɤɨɣ (■) ɪɚɫɩɥɚɜɚ ɩɪɢ ɪɚɜɧɨɨɫɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬ-
ɧɵɦ ɩɨɥɟɦ ɢ ɫ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɦɨɧɨɤɪɢɫɬɚɥɥɚ (▲) 
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ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɚɤɠɟ ɜɵɛɪɚɥɢ ɫɟɪɢɣɧɨ ɩɪɨɢɡɜɨɞɢɦɵɣ ɤɨ-
ɛɚɥɶɬɨɜɵɣ ɫɩɥɚɜ ɋȾɉ-6. ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɤɚɬɨɞɧɨɝɨ 
ɫɩɥɚɜɚ ɋȾɉ-6, ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɪɚɜɧɨɨɫɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (ɫ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ 
ɨɛɪɚɛɨɬɤɨɣ ɪɚɫɩɥɚɜɚ ɢ ɛɟɡ ɧɟɟ), ɩɨɤɚɡɚɥɨ ɧɚɥɢɱɢɟ ɫɭɳɟɫɬɜɟɧɧɵɯ ɨɬɥɢɱɢɣ. ȼ ɫɩɥɚɜɟ 
ɋȾɉ-6, ɩɨɥɭɱɟɧɧɨɦ ɦɟɬɨɞɨɦ ɪɚɜɧɨɨɫɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɛɟɡ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɨɛɪɚ-
ɛɨɬɤɢ ɪɚɫɩɥɚɜɚ, ɢɦɟɟɬɫɹ ɨɛɵɱɧɚɹ, ɪɚɜɧɨɨɫɧɚɹ ɫɬɪɭɤɬɭɪɚ (ɫ ɪɚɡɦɟɪɨɦ ɡɟɪɧɚ 100–180 ɦɤɦ), 
ɝɪɚɧɢɰɵ ɤɨɬɨɪɨɣ ɪɚɡɞɟɥɟɧɵ ɥɟɝɤɨɩɥɚɜɤɨɣ ɮɚɡɨɣ. Ɂɟɪɧɚ ɢɦɟɸɬ ɦɧɨɝɨɝɪɚɧɧɭɸ, ɪɚɡɧɨ-
ɫɬɨɪɨɧɧɸɸ, ɨɤɪɭɝɥɭɸ ɮɨɪɦɭ. ȼ ɫɩɥɚɜɟ ɋȾɉ-6, ɩɨɥɭɱɟɧɧɨɦ ɦɟɬɨɞɨɦ ɪɚɜɧɨɨɫɧɨɣ ɤɪɢ-
ɫɬɚɥɥɢɡɚɰɢɢ ɫ ɨɛɪɚɛɨɬɤɨɣ ɪɚɫɩɥɚɜɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ, ɫɬɪɭɤɬɭɪɚ ɬɚɤɠɟ ɪɚɜɧɨ-
ɨɫɧɚɹ. Ɋɚɡɦɟɪ ɡɟɪɧɚ ɫɨɫɬɚɜɥɹɟɬ 140–γ50 ɦɤɦ, ɝɪɚɧɢɰɵ ɡɟɪɟɧ ɬɪɭɞɧɨ ɪɚɡɥɢɱɢɦɵ, ɡɟɪɧɚ 
ɢɦɟɸɬ ɧɟɨɩɪɟɞɟɥɟɧɧɭɸ ɮɨɪɦɭ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɮɚɡ ɜ ɨɫɧɨɜɧɨɦ ɨɛɴɟɦɟ ɪɚɫɩɨɥɨɠɟɧɧɵɯ 
ɩɚɪɚɥɥɟɥɶɧɨ ɡɟɪɟɧ ɢɦɟɟɬ ɤɪɟɫɬɨɨɛɪɚɡɧɭɸ (ɞɟɧɞɪɢɬɧɭɸ) ɮɨɪɦɭ. 

Ɇɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɨɩɬɢɱɟɫɤɨɦ ɤɨɦɩɥɟɤɫɟ Leica. 
ɇɚ ɮɨɬɨ ɦɢɤɪɨɫɬɪɭɤɬɭɪ (ɪɢɫ. 14) ɜɢɞɧɨ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɮɚɡ ɜ ɫɩɥɚɜɚɯ 
ɪɚɡɥɢɱɧɨ. ȼ ɫɩɥɚɜɟ, ɩɨɥɭɱɟɧɧɨɦ ɛɟɡ ɨɛɪɚɛɨɬɤɢ ɪɚɫɩɥɚɜɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ, 
ɧɚɥɢɱɢɟ ɮɚɡɵ ȕ-NiAl (ɜɟɞɭɳɟɣ ɤ ɨɯɪɭɩɱɢɜɚɧɢɸ ɫɩɥɚɜɚ) ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ, ɱɟɦ ɜ 
ɫɩɥɚɜɟ, ɩɨɥɭɱɟɧɧɨɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɪɚɛɨɬɤɢ ɪɚɫɩɥɚɜɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ 
ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

 
 

Ɋɢɫ. 14. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɤɚɬɨɞɧɨɝɨ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ  
Co–Cr–Al–Ni (ɋȾɉ-6): 

ɚ – ɪɚɜɧɨɨɫɧɚɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɛɟɡ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ; ɛ – ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɫ 
ɨɛɪɚɛɨɬɤɨɣ ɪɚɫɩɥɚɜɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ 
 

ɉɪɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɝɨɬɨɜɵɯ ɤɚɬɨɞɨɜ ɧɚ ɬɨɤɚɪɧɨɦ ɫɬɚɧɤɟ ɫɬɪɭɠɤɚ 
ɫɩɥɚɜɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɛɟɡ ɨɛɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ, ɥɟɝɤɨ ɥɨɦɚɟɬɫɹ (ɫɵɩɭ-
ɱɚɹ). ɋɬɪɭɠɤɚ ɫɩɥɚɜɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɫ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɪɚɫɩɥɚɜɚ ɩɪɢ ɤɪɢ-
ɫɬɚɥɥɢɡɚɰɢɢ, ɩɥɚɫɬɢɱɧɚɹ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɥɚɫɬɢɱɧɨɫɬɶ ɫɩɥɚɜɚ. 

ɋɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɫɩɥɚɜɚ ɜɵɩɨɥɧɟɧ ɧɚ ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ. ɉɨ ɩɨ-
ɥɭɱɟɧɧɵɦ ɞɢɮɪɚɤɬɨɝɪɚɦɦɚɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɧɚ ɪɢɫ. 15, ɦɨɠɧɨ ɭɤɚɡɚɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ 
ɮɚɤɬɵ. Ɉɛɚ ɨɛɪɚɡɰɚ – ɤɚɤ ɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɣ ɛɟɡ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɨɛɪɚɛɨɬɤɢ  
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ɪɚɫɩɥɚɜɚ, ɬɚɤ ɢ ɩɨɞɜɟɪɝɲɢɣɫɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɨɛɪɚɛɨɬɤɟ, – ɫɨɞɟɪɠɚɬ ɞɜɟ ɨɫɧɨɜɧɵɟ 
ɮɚɡɵ: ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ ɧɚ ɨɫɧɨɜɟ α-Co ɫ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ ɢ 
ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɭɸ ȕ-ɮɚɡɭ ɫ ɝɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɤɭɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ (ȽɐɄ, ɩɪɨ-
ɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Pm3m) ɧɚ ɨɫɧɨɜɟ ɫɨɟɞɢɧɟɧɢɹ CoAl. Ɉɞɧɚɤɨ ɨɛɪɚɛɨɬɤɚ ɪɚɫɩɥɚɜɚ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜɵɡɜɚɥɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɬɟɤɫɬɭɪɵ ɩɪɢ ɤɪɢɫɬɚɥ-
ɥɢɡɚɰɢɢ ɞɥɹ α-Co ɜ ɧɚɩɪɚɜɥɟɧɢɢ (hh0): ɚɧɨɦɚɥɶɧɨ ɩɨɜɵɲɟɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɟɧɬɝɟɧɨɜ-
ɫɤɨɝɨ ɪɟɮɥɟɤɫɚ (110). ɉɪɨɜɟɞɟɧɚ ɬɚɤɠɟ ɨɰɟɧɤɚ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɮɚɡ ɜ 
ɫɩɥɚɜɚɯ ɩɨ ɫɨɨɬɧɨɲɟɧɢɹɦ ɢɯ ɢɧɬɟɝɪɚɥɶɧɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɜ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦ-
ɦɟ SemiQuant. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɨɛɪɚɡɰɟ, ɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɦ ɛɟɡ ɨɛɪɚɛɨɬɤɢ ɪɚɫɩɥɚɜɚ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ, ɩɪɢɛɥɢɡɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɮɚɡɵ ɧɚ ɨɫɧɨɜɟ α-Co ɫɨɫɬɚɜɥɹ-
ɟɬ 60%, ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɣ ɮɚɡɵ ɧɚ ɨɫɧɨɜɟ ȕ-CoAl: 40%, ɚ ɜ ɨɛɪɚɡɰɟ, ɤɪɢɫɬɚɥɥɢɡɨɜɚɧ-
ɧɨɦ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɩɪɢɛɥɢɡɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɮɚɡɵ ɧɚ 
ɨɫɧɨɜɟ α-Co ɫɨɫɬɚɜɥɹɟɬ γ0%, ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɣ ɮɚɡɵ ɧɚ ɨɫɧɨɜɟ ȕ-CoAl: 70%. 

 

 
 

Ɋɢɫ. 15. Ɋɟɧɬɝɟɧɨɝɪɚɦɦɵ ɨɛɪɚɡɰɨɜ ɤɨɛɚɥɶɬɨɜɨɝɨ ɤɚɬɨɞɧɨɝɨ ɫɩɥɚɜɚ ɋȾɉ-6 ɜ Co  
Kα-ɢɡɥɭɱɟɧɢɢ, ɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ ɛɟɡ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɪɚɫɩɥɚɜɚ (ɚ) ɢ ɫ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɪɚɫɩɥɚɜɚ ɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦ ɩɨɥɟ (ɛ) 
 

ɉɨɞɨɛɧɨɟ ɹɜɥɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɢ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Ni–18% (ɩɨ 
ɦɚɫɫɟ) Al ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɨɛɪɚɡɰɵ, ɧɟ 
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ɩɨɞɜɟɪɝɲɢɟɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɢɦɟɥɢ: 66,β% Ȗ-ɮɚɡɵ ɧɚ ɨɫɧɨɜɟ 
Ni3Al (ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Fm3m) ɢ γγ,8% ȕ-ɮɚɡɵ ɧɚ ɨɫɧɨɜɟ NiAl (ɩɪɨɫɬɪɚɧɫɬɜɟɧ-
ɧɚɹ ɝɪɭɩɩɚ Pm3m), ɚ ɨɛɪɚɡɰɵ, ɩɨɞɜɟɪɝɲɢɟɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, 
ɢɦɟɥɢ: 4γ,50% Ȗ-ɮɚɡɵ ɢ 56,5% ȕ-ɮɚɡɵ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɨɛɨɢɯ ɬɢɩɚɯ ɫɩɥɚɜɨɜ ɨɛɪɚɛɨɬɤɚ ɪɚɫɩɥɚɜɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ 
ɩɨɥɟɦ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɫɨɞɟɪɠɚɧɢɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɮɚɡ ɬɢɩɚ AB ɫ ɩɪɢɦɢ-
ɬɢɜɧɨɣ ɤɭɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ (ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Pm3m). Ⱦɥɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ 
ɨɛɴɹɫɧɟɧɢɹ ɷɮɮɟɤɬɚ ɧɟɨɛɯɨɞɢɦɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜɵɛɪɚɥɢ ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ ɜ 
ɫɜɹɡɢ ɫ ɛɵɫɬɪɨɬɨɣ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɟɝɨ ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶɸ. 
ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɦɢɤɪɨɬɜɟɪɞɨɦɟɪɟ HV0,2 ɦɟɬɨɞɨɦ ȼɢɤɤɟɪɫɚ. Ɋɟɡɭɥɶɬɚɬɵ ɦɟɯɚ-
ɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ ɤɨɛɚɥɶɬɨɜɨɝɨ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ ɋȾɉ-6 ɩɪɢɜɟ-
ɞɟɧɵ ɜ ɬɚɛɥ. β. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɩɪɟɞɟɥɟɧɢɹ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɯɨɬɹ 
ɩɨ ɜɟɥɢɱɢɧɟ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɨɛɚ ɨɛɪɚɡɰɚ ɛɥɢɡɤɢ, ɜɨɡɞɟɣɫɬɜɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 
ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɟɫɤɨɥɶɤɨ ɩɨɜɵɲɚɟɬ ɞɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ, ɱɬɨ 
ɞɨɥɠɧɨ ɛɥɚɝɨɬɜɨɪɧɨ ɩɨɜɥɢɹɬɶ ɧɚ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɩɥɚɜɚ. 
 

Ɍɚɛɥɢɰɚ 2 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ ɫɩɥɚɜɚ ɋȾɉ-6 ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ 
Ɇɟɬɨɞɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɩɥɚɜɚ Ⱦɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ HV0,2 

Ɋɚɜɧɨɨɫɧɚɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ 484–584 
Ʉɪɢɫɬɚɥɥɢɡɚɰɢɹ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɪɚɫɩɥɚɜ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 

513–664 

 
Ɉɛɫɭɠɞɟɧɢɟ ɢ ɡɚɤɥɸɱɟɧɢɹ 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɜ ɩɪɨɰɟɫɫɟ ɪɚɜɧɨɨɫɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɟɬɚɥɥɚ ɩɪɨɢɫɯɨɞɢɬ ɡɚ-
ɪɨɠɞɟɧɢɟ ɢ ɪɨɫɬ ɡɟɪɟɧ, ɮɨɪɦɚ ɢ ɪɚɡɦɟɪɵ ɤɨɬɨɪɵɯ ɪɚɡɥɢɱɧɵ. ɉɪɢ ɷɬɨɦ ɨɪɢɟɧɬɚɰɢɹ ɢɯ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɹɜɥɹɟɬɫɹ ɫɥɭɱɚɣɧɨɣ – ɬɚɤɨɟ ɬɟɥɨ ɧɚɡɵɜɚɟɬɫɹ 
ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦ (ɪɢɫ. 16). 
 

 
Ɋɢɫ. 16. ɋɯɟɦɚ ɫɬɪɭɤɬɭɪɵ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɦɟɬɚɥɥɚ 

 
ɉɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɠɢɞɤɢɣ ɦɟɬɚɥɥ, ɜ ɩɪɨɰɟɫɫɟ ɤɪɢ-

ɫɬɚɥɥɢɡɚɰɢɢ ɨɧ ɩɪɢɨɛɪɟɬɚɟɬ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɫ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦɢ ɜ 
ɨɩɪɟɞɟɥɟɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɡɟɪɧɚɦɢ ɜɨ ɜɫɟɦ ɨɛɴɟɦɟ ɨɬɥɢɜɤɢ. ɉɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-
ɦɟɥɶɱɟɧɢɟ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, ɢɡɦɟɧɟɧɢɟ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɮɚɡ ɢ 
ɯɚɪɚɤɬɟɪɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɚɡ ɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ, ɚ ɬɚɤɠɟ ɢɡɦɟɧɟɧɢɟ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ 
ɮɚɡ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɜɵɲɟɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɩɥɚɜɨɜ. 

Ɇɟɯɚɧɢɡɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɚɤɨɣ ɫɬɪɭɤɬɭɪɵ ɨɛɭɫɥɨɜɥɟɧ ɧɚɥɢɱɢɟɦ ɢɧɞɭɤɬɢɜɧɵɯ ɬɨ-
ɤɨɜ, ɧɚɜɟɞɟɧɧɵɯ ɜ ɠɢɞɤɨɦ ɦɟɬɚɥɥɟ ɛɟɝɭɳɢɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ. ɂɧɞɭɤɬɢɜɧɵɟ ɬɨ-
ɤɢ, ɜɥɢɹɹ ɧɚ ɦɚɝɧɢɬɧɵɟ ɦɨɦɟɧɬɵ ɚɬɨɦɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ, ɭɫɢɥɢɜɚɸɬ ɢɯ ɢ ɨɪɢ-
ɟɧɬɢɪɭɸɬ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɛɟɝɭɳɟɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. ȼ ɩɪɨɰɟɫɫɟ ɩɟɪɟɦɟɲɢɜɚɧɢɹ 
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(ɧɚɜɟɞɟɧɧɵɦɢ ɢɧɞɭɤɬɢɜɧɵɦɢ ɬɨɤɚɦɢ) ɢ ɪɚɜɧɨɦɟɪɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜɨ 
ɜɫɟɦ ɨɛɴɟɦɟ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɬɜɟɪɞɨɟ, ɝɞɟ 
ɢɡ ɰɟɧɬɪɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɞɟɬ ɪɨɫɬ ɡɟɪɟɧ ɫ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ. ɉɥɨɫɤɨɫɬɢ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɡɟɪɟɧ ɛɭɞɭɬ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɧɚɩɪɚɜɥɟɧɢɸ 
ɦɚɝɧɢɬɧɵɯ ɦɨɦɟɧɬɨɜ ɚɬɨɦɨɜ ɢ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɨɰɟɫɫ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɮɟɪɪɨɦɚɝɧɟɬɢɤɨɜ ɫ ɤɭɛɢɱɟɫɤɨɣ ɫɢɧɝɨ-
ɧɢɟɣ (ɠɟɥɟɡɚ, ɤɨɛɚɥɶɬɚ, ɧɢɤɟɥɹ) ɢɞɟɬ ɩɨ ɬɪɟɦ ɨɫɧɨɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ (ɥɟɝɤɨɦɭ, ɫɪɟɞ-
ɧɟɦɭ ɢ ɬɪɭɞɧɨɦɭ), ɝɞɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɚɬɨɦɨɜ ɜ ɧɟɣ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɹ-
ɸɳɢɦ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ Д001Ж, Д011Ж, Д111Ж ɦɚɝɧɢɬɧɵɯ ɦɨɦɟɧɬɨɜ ɚɬɨɦɨɜ ɜ 
ɫɬɪɭɤɬɭɪɟ ɦɟɬɚɥɥɚ Д1γЖ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɧɢɤɟɥɹ, ɢɦɟɸɳɟɝɨ ȽɐɄ ɪɟɲɟɬɤɭ, ɩɥɨɫɤɨɫɬɶɸ 
ɥɟɝɤɨɝɨ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɞɢɚɝɨɧɚɥɶ ɤɭɛɚ Д111Ж, ɚ ɞɥɹ ɠɟɥɟɡɚ 
ɫ ɨɛɴɟɦɧɨɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɤɭɛɢɱɟɫɤɨɣ (ɈɐɄ) ɪɟɲɟɬɤɨɣ ɧɚɩɪɚɜɥɟɧɢɟ ɥɟɝɤɨɝɨ ɧɚɦɚɝɧɢ-
ɱɢɜɚɧɢɹ ɫɨɜɩɚɞɚɟɬ ɫ ɪɟɛɪɨɦ ɤɭɛɚ Д001Ж. ɉɨɷɬɨɦɭ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜ ɫɥɭɱɚɟ 
ɜɨɡɞɟɣɫɬɜɢɹ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɤɪɢɫɬɚɥɥɢɡɭɸɳɢɣɫɹ ɦɟɬɚɥɥ ɩɥɨɫɤɨ-
ɫɬɢ ɷɬɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɛɭɞɭɬ ɜɥɢɹɬɶ ɧɚ ɨɪɢɟɧɬɚɰɢɸ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɜ ɡɚɜɢɫɢ-
ɦɨɫɬɢ ɨɬ ɟɟ ɬɢɩɚ. ɉɪɢ ɷɬɨɦ ɜɵɛɨɪ ɧɚɩɪɚɜɥɟɧɢɹ ɨɪɢɟɧɬɚɰɢɢ ɪɟɲɟɬɤɢ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜ-
ɥɹɬɶɫɹ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɫ ɧɚɢɛɨɥɶɲɟɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɜɵɝɨɞɨɣ, ɚ ɧɟ ɩɪɢɧɭɞɢɬɟɥɶɧɨ – 
ɤɚɤ ɷɬɨ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɚ ɤɪɢɫɬɚɥɥɟ-ɡɚɬɪɚɜɤɟ, ɬ. ɟ. ɷɬɨ 
ɩɪɢɞɚɫɬ ɪɚɫɩɥɚɜɭ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ. ɋ 
ɭɱɟɬɨɦ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɨ ɦɟɪɟ ɭɫɥɨɠɧɟɧɢɹ ɯɢɦɢɱɟɫɤɨɣ 
ɤɨɦɩɨɡɢɰɢɢ ɫɨɫɬɚɜɚ ɫɩɥɚɜɚ ɜɨɡɞɟɣɫɬɜɢɟ ɩɨɥɹ ɧɚ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɭɸ ɨɪɢɟɧɬɚɰɢɸ 
ɡɟɪɟɧ ɛɭɞɟɬ ɨɫɥɚɛɟɜɚɬɶ ɢɡ-ɡɚ ɩɪɢɫɭɬɫɬɜɢɹ ɜ ɫɩɥɚɜɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɟɫɤɨɥɶɤɢɯ ɮɚɡ ɫ ɪɚɡ-
ɥɢɱɧɵɦɢ ɬɢɩɚɦɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɢ, ɧɚɨɛɨɪɨɬ, ɭ ɫɩɥɚɜɚ ɫ ɦɟɧɶɲɢɦ ɱɢɫɥɨɦ 
ɤɨɦɩɨɧɟɧɬɨɜ ɷɮɮɟɤɬ ɭɤɚɡɚɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɛɭɞɟɬ ɫɢɥɶɧɟɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫ ɭɱɟɬɨɦ ɪɟɡɭɥɶɬɚɬɨɜ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɫɩɥɚɜɚ 
ɫɢɫɬɟɦɵ Ni–Al, ɩɨɜɵɲɟɧɢɟ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ ɨɛɪɚɡɰɨɜ ɥɢɬɨɝɨ ɫɩɥɚɜɚ ɜɨɡɦɨɠɧɨ ɫɜɹɡɚ-
ɧɨ ɫ ɧɚɥɢɱɢɟɦ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɯ ɬɟɤɫɬɭɪ ɜ ɩɥɨɫɤɨɫɬɹɯ Д111Ж, Д11γЖ ɢ Д011Ж. ȼ ɫɥɭɱɚɟ 
ɬɟɤɫɬɭɪɵ ɪɨɫɬɚ Д111Ж+Д11γЖ ɜ ȽɐɄ ɪɟɲɟɬɤɟ Ȗ-ɮɚɡɚ (Ni3Al) ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɫɢɫɬɟɦɚɯ 
<111> ɢ <11γ>, ɨɛɥɚɞɚɸɳɢɯ ɞɨɫɬɚɬɨɱɧɵɦ ɱɢɫɥɨɦ ɷɥɟɦɟɧɬɨɜ ɫɤɨɥɶɠɟɧɢɹ (ɬɪɢ ɢɥɢ ɩɹɬɶ) 
ɢ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɤɚɫɚɬɟɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ, ɝɞɟ ≠0, ɬ. ɟ. ɜ ɡɨɧɟ, ɨɝɪɚ-
ɧɢɱɟɧɧɨɣ ɥɟɦɧɢɫɤɚɬɨɣ ɷɩɸɪɵ . ȼɫɟ ɨɧɢ ɞɚɸɬ ɫɜɨɣ ɜɤɥɚɞ ɜ ɨɛɳɢɣ ɫɞɜɢɝɨɜɵɣ ɩɪɨɰɟɫɫ, 
ɨɛɟɫɩɟɱɢɜɚɹ ɩɨɜɵɲɟɧɢɟ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ ɫɩɥɚɜɚ. ɉɨ ɚɧɚɥɨɝɢɢ ɫɨ ɫɩɥɚɜɨɦ ɧɚ ɨɫɧɨɜɟ 
ɯɪɨɦɚ Дβ0Ж, ɜ ɪɟɲɟɬɤɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɣ ȕ-ɮɚɡɵ (ɧɚ ɨɫɧɨɜɟ ɫɨɟɞɢɧɟɧɢɹ NiAl), ɬɚɤɠɟ 
ɢɦɟɸɳɟɣ ɈɐɄ ɫɬɪɭɤɬɭɪɭ, ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ ɬɟ ɠɟ ɩɪɢɡɧɚɤɢ ɨɛɪɚɡɨɜɚɧɢɹ ɬɟɤɫɬɭɪɵ, ɬ. ɟ. 
ɬɟɤɫɬɭɪɚ ɪɨɫɬɚ Д011Ж ɜ ɈɐɄ ɪɟɲɟɬɤɟ ȕ-ɮɚɡɵ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɬɪɟɯ ɫɢɫɬɟɦɚɯ ɫɤɨɥɶɠɟɧɢɹ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨɞ ɭɝɥɚɦɢ: 0; /3; /β Д16Ж. Ⱦɜɟ ɢɡ ɧɢɯ, ɜ ɫɢɥɭ ɢɡɜɟɫɬɧɨɝɨ ɡɚɤɨɧɚ ɦɟɯɚ-
ɧɢɤɢ, ɧɟ ɪɚɛɨɬɚɸɬ. Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɫɤɨɥɶɠɟɧɢɹ ɨɫɬɚɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɚɹ 
«ɚɤɬɢɜɧɚɹ» ɩɥɨɫɤɨɫɬɶ ɢɡ ɫɟɦɟɣɫɬɜɚ <011> ɫ ɭɝɥɨɦ α=/γ, ɜɟɪɨɹɬɧɨ ɨɧɚ ɢ ɛɭɞɟɬ ɨɛɟɫɩɟ-
ɱɢɜɚɬɶ ɫɤɨɥɶɠɟɧɢɟ, ɩɨɜɵɲɚɹ ɭɞɚɪɧɭɸ ɜɹɡɤɨɫɬɶ. 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɭɫɬɨɣɱɢɜɨɟ ɫɨɫɬɨɹɧɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɧɚɥɢɱɢɟɦ ɧɢɡɤɨɣ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɜɵɡɜɚɬɶ ɩɟɪɟɯɨɞ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
ɪɟɲɟɬɤɢ ɢɡ ɨɞɧɨɝɨ ɬɢɩɚ ɜ ɞɪɭɝɨɣ ɬɪɟɛɭɟɬɫɹ ɜɨɡɞɟɣɫɬɜɢɟ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ ɧɚ ɫɩɥɚɜ: 
ɞɚɜɥɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɵ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɢ ɬ. ɞ., ɱɬɨ ɢ ɩɪɢɜɨɞɢɬ ɟɟ ɤ ɩɟ-
ɪɟɯɨɞɭ ɨɬ ɨɞɧɨɝɨ ɬɢɩɚ ɤ ɞɪɭɝɨɦɭ Дβ0, β1Ж. ɉɨɷɬɨɦɭ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɨɞ ɜɨɡ-
ɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɟɝɨ ɮɚɤɬɨɪɚ (ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ) – ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɯɨɞɚ ɢɡ ɠɢɞ-
ɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɬɜɟɪɞɨɟ – ɜ ɫɩɥɚɜɟ ɋȾɉ-6 ɮɚɡɚ ɧɚ ɨɫɧɨɜɟ ȕ-CoAl ɫ ȽɐɄ ɪɟɲɟɬɤɨɣ 
ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɛɨɥɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ, ɱɟɦ ɩɪɢ ɪɚɜɧɨɨɫɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɬɨɝɞɚ ɤɚɤ ɜ 
ɫɩɥɚɜɟ, ɧɟ ɩɨɞɜɟɪɝɲɟɦɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɟɨɛɥɚ-
ɞɚɧɢɟ ɮɚɡɵ ɧɚ ɨɫɧɨɜɟ α-Co ɫ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɫɢɧɝɨɧɢɟɣ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ  



ȀРȁДЫ  ВИАМ                                                                                                               №5 (53) 2017 

 

 

92 

 

ɢɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɟɩɪɟɦɟɧɧɨ ɜɵɡɵɜɚɟɬ ɢɡɦɟɧɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ 
ɮɚɡ ɜ ɫɩɥɚɜɟ (ɪɢɫ. 14) ɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɬɟɤɫɬɭɪ (ɪɢɫ. 15). 

Ⱦɥɹ ɮɚɡɵ ɧɚ ɨɫɧɨɜɟ α-Co ɫ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɫɢɧɝɨɧɢɟɣ ɨɛɪɚɡɭɟɬɫɹ ɬɟɤɫɬɭɪɚ ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ (hh0). ȼɵɹɜɥɟɧɧɵɟ ɮɚɤɬɵ ɭɤɚɡɵɜɚɸɬ ɧɚ ɨɩɪɟɞɟɥɹɸɳɟɟ ɜɥɢɹɧɢɟ ɫɥɚɛɨɝɨ 
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɨɜ Дβ0, ββЖ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɬɥɢɜɤɢ ɀɇɋ ɫ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɫ ɨɪɢɟɧɬɚ-
ɰɢɹɦɢ Д001Ж, Д011Ж ɢ Д111Ж ɩɨɥɭɱɚɸɬ ɦɟɬɨɞɨɦ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɜɚɤɭɭɦ-
ɧɵɯ ɢɧɞɭɤɰɢɨɧɧɨ-ɩɥɚɜɢɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ. ɇɚ ɩɪɚɤɬɢɤɟ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɦɟɥɢ ɨɬɥɢɜɤɢ ɀɇɋ ɫ ɦɨɧɨɤɪɢɫɬɚɥ-
ɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɫ ɨɪɢɟɧɬɚɰɢɟɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ Д111Ж. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ 
ɫɬɚɛɢɥɶɧɵɯ ɫɜɨɣɫɬɜ ɜɨ ɜɫɟɦ ɨɛɴɟɦɟ ɨɬɥɢɜɤɢ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɨɧɚ ɢɦɟɥɚ ɧɭɠɧɭɸ 
ɨɪɢɟɧɬɚɰɢɸ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɜɨ ɜɫɟɦ ɨɛɴɟɦɟ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɨɣ ɬɟɯɧɨɥɨ-
ɝɢɱɟɫɤɨɣ ɡɚɞɚɱɟɣ, ɤɨɬɨɪɚɹ ɡɚɜɢɫɢɬ ɨɬ ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɣ ɜ ɤɟɪɚɦɢɱɟɫɤɭɸ ɮɨɪɦɭ ɡɚɬɪɚɜɤɢ 
ɫ ɬɪɟɛɭɟɦɨɣ ɨɪɢɟɧɬɚɰɢɟɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɯɨɬɹ ɬɚɤɨɣ ɦɟɬɨɞ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɡɚ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɩɨɡɜɨɥɢɥ ɞɨɫɬɢɱɶ ɧɨɜɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɨɧ 
ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɟ ɢɡɦɟɧɢɥɫɹ Дβ, γЖ. 

ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɦɟɬɨɞɭ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɦɟɬɚɥɥɭɪ-
ɝɢɢ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɦɟɬɨɞ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɩɥɚɜɨɜ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. Ʉɪɢɫɬɚɥɥɢɡɭɟɦɵɣ ɦɟɬɚɥɥ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɦɚɝɧɢɬɧɨɝɨ ɢ/ɢɥɢ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɪɢɨɛɪɟɬɚɟɬ ɫɬɪɭɤɬɭɪɭ ɫ ɧɚɩɪɚɜɥɟɧɧɨɣ ɨɪɢɟɧɬɚɰɢɟɣ ɤɪɢɫɬɚɥɥɢɱɟ-
ɫɤɨɣ ɪɟɲɟɬɤɢ ɜɨ ɜɫɟɦ ɨɛɴɟɦɟ ɨɬɥɢɜɤɢ, ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɚɹ ɨɪɢɟɧɬɚɰɢɹ ɨɬɥɢɜɤɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɷɬɨɦ ɩɚɪɚɦɟɬɪɚɦɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. 

Ɉɪɢɟɧɬɚɰɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɜ ɫɬɪɭɤɬɭɪɟ ɦɟɬɚɥɥɚ ɨɬɥɢɜɤɢ ɨɫɭɳɟɫɬɜɥɹ-
ɟɬɫɹ ɧɟ ɩɪɢɧɭɞɢɬɟɥɶɧɨ (ɤɚɤ ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ), ɚ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɫ ɭɱɟɬɨɦ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɫɩɥɚɜɚ. ɉɪɢ ɷɬɨɦ ɜɵ-
ɛɢɪɚɹ ɬɭ ɢɥɢ ɢɧɭɸ ɨɪɢɟɧɬɚɰɢɸ, ɢɫɯɨɞɹɬ ɢɡ ɧɚɢɛɨɥɟɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢ ɜɵɝɨɞɧɵɯ ɪɚɫɩɨ-
ɥɨɠɟɧɢɣ ɞɥɹ ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɨɛɪɚɛɨɬɤɢ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞ-
ɩɨɥɚɝɚɬɶ, ɱɬɨ ɞɥɹ ɤɚɠɞɨɣ ɫɢɫɬɟɦɵ ɫɩɥɚɜɨɜ ɛɭɞɟɬ ɡɚɞɚɧɚ ɫɜɨɹ ɛɨɥɟɟ ɩɨɞɯɨɞɹɳɚɹ ɨɪɢɟɧ-
ɬɚɰɢɹ ɤɪɢɫɬɚɥɥɨɜ, ɷɮɮɟɤɬɢɜɧɨ ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɩɨɜɵɲɟɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɩɢɫɚɧɧɨɝɨ ɦɟɬɨɞɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɜɨɡɞɟɣ-
ɫɬɜɢɹ ɧɚ ɦɟɬɚɥɥ ɜ ɩɪɨɰɟɫɫɟ ɪɚɜɧɨɨɫɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜɟɞɟɬ ɤ: 

– ɮɨɪɦɢɪɨɜɚɧɢɸ ɦɟɥɤɨɡɟɪɧɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɢ ɩɨɜɵɲɟɧɢɸ ɟɟ ɨɞɧɨɪɨɞɧɨɫɬɢ; 
– ɢɡɦɟɧɟɧɢɸ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɮɚɡ, ɢɡɦɟɥɶɱɟɧɢɸ ɢ ɭɩɥɨɬɧɟɧɢɸ ɮɚɡ; 
– ɨɛɪɚɡɨɜɚɧɢɸ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɬɟɤɫɬɭɪɵ ɜ ɥɢɬɵɯ ɨɛɪɚɡɰɚɯ ɫ ɨɪɢɟɧɬɚɰɢɟɣ 

ɩɥɨɫɤɨɫɬɟɣ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɧɚɩɪɚɜɥɟɧɧɵɯ ɤ ɜɧɟɲɧɟɦɭ ɩɨɥɸ; 
– ɩɨɜɵɲɟɧɢɸ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɩɥɚɜɨɜ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɤɥɚɫɫɚ; 
– ɩɨɜɵɲɟɧɢɸ ɠɚɪɨɫɬɨɣɤɨɫɬɢ. 

Ɇɟɬɨɞ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɩɪɨɫɬ, ɷɤɨɧɨɦɢɱɟɧ ɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɩɨɥɭ-
ɱɟɧɢɹ ɦɚɥɨɝɚɛɚɪɢɬɧɨɝɨ ɥɢɬɶɹ ɢɡ ɫɩɥɚɜɨɜ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ ɤɚɤ ≤1γ50°ɋ (ɠɚɪɨ-
ɩɪɨɱɧɵɟ ɢ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ ɫɩɥɚɜɵ ɢ ɫɬɚɥɢ), ɬɚɤ ɢ ≥1900°ɋ (ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɬɭ-
ɝɨɩɥɚɜɤɢɯ ɦɟɬɚɥɥɨɜ ДβγЖ). 

Ɋɚɫɫɦɨɬɪɟɧɧɵɣ ɦɟɬɨɞ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɦɟɟɬ ɛɨɥɶɲɭɸ ɩɟɪɫɩɟɤɬɢɜɭ ɞɥɹ ɩɨɥɭɱɟ-
ɧɢɹ ɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ ɞɟɬɚɥɟɣ ɢɡ ɫɩɥɚɜɨɜ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɤɥɚɫɫɚ ɢ ɞɪɭɝɢɯ ɫɩɥɚɜɨɜ, 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɦ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɭɳɟɫɬɜɭɸɳɢ-
ɦɢ ɦɟɬɨɞɚɦɢ ɪɚɜɧɨɨɫɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. ɉɨɥɭɱɟɧɧɵɟ ɨɬɥɢɜɤɢ ɫ ɨɫɬɪɨɣ ɤɪɢɫɬɚɥɥɨ-
ɝɪɚɮɢɱɟɫɤɨɣ ɬɟɤɫɬɭɪɨɣ ɮɚɤɬɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ ɡɟɪɟɧ ɫ ɩɚɪɚɥ-
ɥɟɥɶɧɨɣ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɨɪɢɟɧɬɚɰɢɟɣ. ɉɪɢ ɷɬɨɦ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɫɩɥɚɜɨɜ ɜ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɝɨɪɚɡɞɨ ɞɟɲɟɜɥɟ, ɱɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɣ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟ-
ɫɤɨɝɨ ɥɢɬɶɹ, ɬɪɟɛɭɸɳɢɯ ɩɪɢɦɟɧɟɧɢɹ ɫɥɨɠɧɨɝɨ ɢ ɭɧɢɤɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
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Ⱥɜɬɨɪɵ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɟɞɩɨɥɚɝɚɸɬ, ɱɬɨ ɩɪɨɜɟɞɟɧɢɟ ɤɪɢɫɬɚɥɥɢ-
ɡɚɰɢɢ ɫɩɥɚɜɨɜ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɨɧɢɠɟɧɧɨɣ ɱɚɫɬɨɬɵ (ɱɚɫɬɨɬɚ 
ɬɨɤɚ 50ޒ Ƚɰ) ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ. 
 

Ȼɥɚɝɨɞɚɪɧɨɫɬɢ 
Ⱥɜɬɨɪɵ ɫɬɚɬɶɢ ɩɨɫɜɹɳɚɸɬ ɟɟ ɩɚɦɹɬɢ ɞɨɤɬɨɪɚ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɝɥɚɜɧɨɝɨ ɧɚɭɱ-

ɧɨɝɨ ɫɨɬɪɭɞɧɢɤɚ ɂɫɩɵɬɚɬɟɥɶɧɨɝɨ ɰɟɧɬɪɚ ɎȽɍɉ «ȼɂȺɆ» Ⱥ.ɂ. ɋɚɦɨɣɥɨɜɚ (β9.0γ.19β8–
19.08.2016) – ɜɵɞɚɸɳɟɝɨɫɹ ɭɱɟɧɨɝɨ ɜ ɨɛɥɚɫɬɢ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ 
ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɠɟɥɟɡɚ, ɧɢɤɟɥɹ ɢ ɤɨɛɚɥɶɬɚ. Ȼɥɚɝɨɞɚɪɹ ɟɝɨ ɦɧɨɝɨɥɟɬɧɟɣ 
ɧɟɨɰɟɧɢɦɨɣ ɩɨɦɨɳɢ ɜ ɩɪɨɜɟɞɟɧɢɢ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɮɚɡɨɜɨɝɨ ɢ ɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɢ 
ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɨɛɪɚɛɨɬɤɢ 
ɪɚɫɩɥɚɜɚ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɛɵɥɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɨɛɥɟɝɱɟɧɵ ɢ ɭɫɤɨɪɟɧɵ. 
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23.  Ɉɫɩɟɧɧɢɤɨɜɚ Ɉ.Ƚ., ɉɨɞɴɹɱɟɜ ȼ.ɇ., ɋɬɨɥɹɧɤɨɜ ɘ.ȼ. Ɍɭɝɨɩɥɚɜɤɢɟ ɫɩɥɚɜɵ ɞɥɹ ɧɨɜɨɣ ɬɟɯɧɢɤɢ 
// Ɍɪɭɞɵ ȼɂȺɆ: ɷɥɟɤɬɪɨɧ. ɧɚɭɱ.-ɬɟɯɧɢɱ. ɠɭɪɧ. β016. №10. ɋɬ. 05. URL: http://www.viam-
works.ru (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: β1.0β.β017). DOI: 10.18577/2307-6046-2016-0-10-5-5. 
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ɍȾɄ 6β9.7.0βγ.ββ4 
 
Ⱦ.ɋ. Ƚɨɪɥɨɜ1, Ⱥ.ȼ. ɓɟɩɢɥɨɜ1 
 
ȼɅɂəɇɂȿ  ɒȿɊɈɏɈȼȺɌɈɋɌɂ  ɉɈȼȿɊɏɇɈɋɌɂ 
ɂ  ȺȻɊȺɁɂȼɇɈȽɈ  ɂɁɇɈɋȺ 
ɇȺ  ȾȿɆɉɎɂɊɍɘɓɍɘ  ɋɉɈɋɈȻɇɈɋɌɖ 
ɄɈɆɉɈɁɂɐɂɂ  «ɋɉɅȺȼ–ɉɈɄɊɕɌɂȿ» 
 
DOI: 10.18577/2307-6046-2017-0-5-11-11 
 

ɉɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɞɟɦɩɮɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɬ ɬɨɥɳɢɧɵ ɧɨɜɨɝɨ ɪɚɡɪɚɛɨɬɚɧ-
ɧɨɝɨ ɩɨɤɪɵɬɢɹ ɫɢɫɬɟɦɵ Al–Ni–Y ɩɪɢ ɜɢɛɪɨɢɫɩɵɬɚɧɢɹɯ ɩɨ ɩɟɪɜɨɣ ɢɡɝɢɛɧɨɣ ɮɨɪɦɟ ɩɪɢ 
ɪɟɡɨɧɚɧɫɟ ɫ ɨɞɢɧɚɤɨɜɨɣ ɚɦɩɥɢɬɭɞɨɣ ɜɨɡɛɭɠɞɚɸɳɟɣ ɫɢɥɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɧɚɩɪɹɠɟ-
ɧɢɸ 70 Ɇɉɚ ɜ ɨɩɚɫɧɨɦ ɫɟɱɟɧɢɢ. 

ɂɫɫɥɟɞɨɜɚɧɵ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 ɩɨɫɥɟ ɧɚɧɟɫɟɧɢɹ 
ɞɟɦɩɮɢɪɭɸɳɟɝɨ ɩɨɤɪɵɬɢɹ ɢ ɷɪɨɡɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ ɧɨɜɨɝɨ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɨɤɪɵɬɢɹ 
ɫɢɫɬɟɦɵ Al–Ni–Y, ɚ ɬɚɤɠɟ ɞɟɦɩɮɢɪɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɚɛɪɚɡɢɜɧɨɝɨ 
ɩɨɬɨɤɚ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 17. «Ʉɨɦɩɥɟɤɫɧɚɹ ɚɧɬɢ-
ɤɨɪɪɨɡɢɨɧɚɹ ɡɚɳɢɬɚ, ɭɩɪɨɱɧɹɸɳɢɟ, ɢɡɧɨɫɨɫɬɨɣɤɢɟ ɡɚɳɢɬɧɵɟ ɢ ɬɟɩɥɨɡɚɳɢɬɧɵɟ ɩɨɤɪɵ-
ɬɢɹ», ɤɨɦɩɥɟɤɫɧɚɹ ɩɪɨɛɥɟɦɚ 17.3. «Ɇɧɨɝɨɫɥɨɣɧɵɟ ɠɚɪɨɫɬɨɣɤɢɟ ɢ ɬɟɩɥɨɡɚɳɢɬɧɵɟ ɩɨ-
ɤɪɵɬɢɹ, ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɟ ɭɩɪɨɱɧɹɸɳɢɟ ɷɪɨɡɢɨɧɧɵɟ ɢ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ, ɢɡɧɨɫɨ-
ɫɬɨɣɤɢɟ, ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɵɟ ɩɨɤɪɵɬɢɹ ɞɥɹ ɡɚɳɢɬɵ ɞɟɬɚɥɟɣ ɝɨɪɹɱɟɝɨ ɬɪɚɤɬɚ ɢ ɤɨɦ-
ɩɪɟɫɫɨɪɚ ȽɌȾ ɢ ȽɌɍ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ 
ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ») [1]. 

Кɥюɱɟɜыɟ ɫɥɨɜɚ: ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɟ ɞɟɦɩɮɢɪɭɸɳɟɟ ɩɨɤɪɵɬɢɟ, ɞɟɦɩɮɢɪɭɸɳɚɹ ɫɩɨ-
ɫɨɛɧɨɫɬɶ, ɷɪɨɡɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ. 

 
The dependence of the damping ability of the thickness of new developed coatings system  

Al–Ni–Y during the vibration in the first bending form the resonance with the same amplitude of 
the exciting force corresponding to a stress of 70 MPa in the threat section. 

We investigated the surface roughness of titanium alloy VT6 after application of the damping 
coating. Investigated the erosion resistance of the new developed coatings system Al–Ni–Y, and 
the damping ability after exposure to the abrasive stream. 

АШrФ аКs ЩОrПШrmОН аТtСТn tСО ПrКmОаШrФ ШП strКtОРТМ НТrОМtТШns 17. «CШmЩrОСОnsТЯО Кnti-
corrosion protection, hardening, wear-resistant protective and heat-rОsТstКnt МШКtТnР», ɫomplex 
ЩrШЛХОm 17.3. «MЮХtТХКвОr СОКt-resistant and heat-resistant coating, nanostructural hardening 
of erosion and corrosion-resistant, wear-resistant, antifatigue coating to protect parts hot gas 
path and comЩrОssШr ШП GTE КnН GTU» («TСО strКtОРТМ НТrОМtТШns ШП НОЯОХШЩmОnt ШП mКtОrТКХs 
and tecСnШХШРТОs ШП tСОТr ЩrШМОssТnР ПШr tСО ЩОrТШН tТХХ 2030») [1]. 

Keywords: ion-plasma coating damping, damping capacity, resistance to erosion. 
 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
state unitary enterprise «AХХ-RЮssТКЧ sМТОЧЭТПТМ rОsОКrМС ТЧsЭТЭЮЭО ШП КЯТКЭТШЧ ЦКЭОrТКХs» State research center 
of the Russian Federation]; e-mail: admin@viam.ru 
 

ȼɜɟɞɟɧɢɟ 
ɉɪɟɞɨɬɜɪɚɳɟɧɢɟ ɭɫɬɚɥɨɫɬɧɵɯ ɩɨɥɨɦɨɤ ɥɨɩɚɬɨɤ ɬɭɪɛɨɦɚɲɢɧ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɨ-

ɜɵɲɟɧɧɵɦ ɭɪɨɜɧɟɦ ɜɢɛɪɚɰɢɣ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɜɚɠɧɭɸ ɡɚɞɚɱɭ ɞɜɢɝɚɬɟɥɟɫɬɪɨɟɧɢɹ. 
ɍɦɟɧɶɲɟɧɢɟ ɭɪɨɜɧɹ ɩɟɪɟɦɟɧɧɵɯ ɜɢɛɪɨɧɚɩɪɹɠɟɧɢɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɞɟɠɧɭɸ ɪɚɛɨɬɭ 
ɞɜɢɝɚɬɟɥɹ ɢ ɭɜɟɥɢɱɟɧɢɟ ɟɝɨ ɪɟɫɭɪɫɚ, ɨɞɧɚɤɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɦɨɠɟɬ 
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ɛɵɬɶ ɧɟɫɨɜɦɟɫɬɢɦɨ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɞɪɭɝɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɞɜɢɝɚɬɟɥɹ ɢɥɢ ɩɪɢɜɟɫɬɢ 
ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɬɹɠɟɥɟɧɢɸ ɤɨɧɫɬɪɭɤɰɢɢ, ɩɨɷɬɨɦɭ ɩɪɢɯɨɞɢɬɫɹ ɩɨɞɞɟɪɠɢɜɚɬɶ ɩɟɪɟ-
ɦɟɧɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɞɨɩɭɫɬɢɦɨɦ ɭɪɨɜɧɟ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɭɤɚɡɚɧɧɨɣ ɰɟɥɢ ɜɵɩɨɥɧɹ-
ɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ – ɜ ɱɚɫɬɧɨɫɬɢ, ɱɚɫɬɨɬɧɚɹ ɨɬɫɬɪɨɣɤɚ ɨɬ ɪɟɡɨɧɚɧɫɨɜ ɢ ɭɜɟ-
ɥɢɱɟɧɢɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɜ ɫɢɫɬɟɦɟ. ɉɨɥɧɨɫɬɶɸ ɨɬɫɬɪɨɢɬɶɫɹ ɨɬ ɪɟɡɨ-
ɧɚɧɫɧɵɯ ɪɟɠɢɦɨɜ ɜ ɞɢɚɩɚɡɨɧɟ ɪɚɛɨɱɢɯ ɨɛɨɪɨɬɨɜ ɱɚɫɬɨ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ, 
ɩɨɷɬɨɦɭ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɥɨɩɚɬɨɤ ɬɭɪɛɨɦɚɲɢɧ ɩɪɟɞɫɬɚɜ-
ɥɹɟɬ ɚɤɬɭɚɥɶɧɭɸ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɭɸ ɡɚɞɚɱɭ ДβЖ. 

Ⱦɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɟ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ ɥɨɩɚɬɨɤ ɜɟɞɭɬ ɤ ɛɵɫɬɪɨɦɭ ɧɚɤɨɩɥɟɧɢɸ 
ɤɪɢɬɢɱɟɫɤɨɝɨ ɱɢɫɥɚ ɰɢɤɥɨɜ ɧɚɝɪɭɠɟɧɢɹ ɢ ɩɨɥɨɦɤɚɦ ɩɪɢ ɧɚɥɢɱɢɢ ɮɚɤɬɨɪɨɜ, ɫɩɨɫɨɛ-
ɫɬɜɭɸɳɢɯ ɫɧɢɠɟɧɢɸ ɭɫɬɚɥɨɫɬɧɨɣ ɩɪɨɱɧɨɫɬɢ: ɤɨɪɪɨɡɢɨɧɧɵɯ ɢ ɷɪɨɡɢɨɧɧɵɯ ɩɨɜɪɟɠɞɟ-
ɧɢɣ, ɡɚɛɨɢɧ, ɞɟɮɟɤɬɨɜ ɦɚɬɟɪɢɚɥɚ, ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɤɨɧɰɟɧɬɪɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɣ, ɨɫɬɚ-
ɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɹɯ ɩɨɫɥɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɞɪ. ДγЖ. 

ȼ ɭɫɥɨɜɢɹɯ, ɝɞɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɟɦɩɮɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ ɢɥɢ 
ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ, ɞɥɹ ɫɧɢɠɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɥɨɩɚɬɤɚɯ ɤɨɦ-
ɩɪɟɫɫɨɪɚ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɩɟɰɢɚɥɶɧɵɟ ɞɟɦɩɮɢɪɭɸɳɢɟ ɩɨɤɪɵɬɢɹ. ɉɪɢ ɷɬɨɦ ɜɨɡɧɢ-
ɤɚɟɬ ɩɪɨɛɥɟɦɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɬɚɤɨɝɨ ɩɨɤɪɵɬɢɹ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɢɯ ɪɚɛɨɱɢɯ ɬɟɦɩɟ-
ɪɚɬɭɪ. ɉɨɷɬɨɦɭ ɝɥɚɜɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɩɪɨɱɧɨɫɬ-
ɧɵɯ/ɩɥɚɫɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɤɪɵɬɢɹ ɢ ɟɝɨ ɫɬɨɣɤɨɫɬɢ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚ-
ɬɭɪ. Ⱦɥɹ ɧɚɧɟɫɟɧɢɹ ɞɟɦɩɮɢɪɭɸɳɢɯ ɩɨɤɪɵɬɢɣ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɚɤɭɭɦɧɨ-
ɞɭɝɨɜɨɣ ɩɪɨɰɟɫɫ ɝɟɧɟɪɚɰɢɢ ɩɥɚɡɦɵ ɦɚɬɟɪɢɚɥɚ ɩɨɤɪɵɬɢɹ ɢɡ ɥɢɬɨɝɨ ɬɪɭɛɧɨɝɨ ɤɚɬɨɞɚ, ɩɨ-
ɥɭɱɚɟɦɨɝɨ ɜ ɜɚɤɭɭɦɧɵɯ ɢɧɞɭɤɰɢɨɧɧɵɯ ɩɟɱɚɯ, ɢ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɟ ɨɫɚɠɞɟɧɢɟ ɩɪɢ ɜɵ-
ɫɨɤɢɯ ɢ ɭɩɪɚɜɥɹɟɦɵɯ ɷɧɟɪɝɢɹɯ ɱɚɫɬɢɰ Д4–7]. 
 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 
Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɷɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɢɡɝɨɬɨɜɢɥɢ ɨɛɪɚɡɰɵ ɢɡ ɬɢɬɚɧɨɜɨɝɨ 

ɫɩɥɚɜɚ ȼɌ6 ɜ ɜɢɞɟ ɞɢɫɤɨɜ β5 ɦɦ ɢ ɬɨɥɳɢɧɨɣ γ ɦɦ. 
Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɟɦɩɮɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢɡɝɨɬɨɜɢɥɢ ɦɨɞɟɥɶɧɵɟ ɨɛɪɚɡɰɵ 

ɜ ɜɢɞɟ ɥɨɩɚɬɤɢ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 ɬɨɥɳɢɧɨɣ γ ɦɦ c ɪɚɛɨɱɟɣ ɱɚɫɬɶɸ ɞɥɢɧɨɣ 
55 ɦɦ ɢ ɲɢɪɢɧɨɣ β0 ɦɦ. Ɋɚɡɦɟɪɵ ɭɱɚɫɬɤɚ ɡɚɤɪɟɩɥɟɧɢɹ ɜ ɨɫɧɚɫɬɤɟ – ɲɢɪɢɧɚ 40 ɦɦ ɢ ɞɥɢ-
ɧɚ γ5 ɦɦ. ɉɟɪɟɯɨɞ ɨɬ ɡɨɧɵ ɡɚɤɪɟɩɥɟɧɢɹ ɞɨ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɜɵɩɨɥɧɟɧ ɪɚɞɢɭɫɨɦ 15 ɦɦ. ɉɨ-
ɜɟɪɯɧɨɫɬɧɭɸ ɨɛɪɚɛɨɬɤɭ ɨɛɪɚɡɰɨɜ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 ɫ ɞɟɦɩɮɢɪɭɸɳɢɦ ɩɨɤɪɵɬɢ-
ɟɦ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɭɬɟɦ ɜɢɛɪɨɝɚɥɬɨɜɤɢ ɜ ɤɪɭɝɨɜɨɦ ɜɢɛɪɚɬɨɪɟ ɮɢɪɦɵ Rosler. 

ɂɫɫɥɟɞɨɜɚɧɚ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 ɫ 
ɞɟɦɩɮɢɪɭɸɳɢɦ ɩɨɤɪɵɬɢɟɦ ɩɨɫɥɟ ɧɚɧɟɫɟɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɢɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɨɛɪɚɛɨ-
ɬɨɤ. ɂɡɦɟɪɟɧɢɟ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɜɨɞɢɥɢ ɫɨɝɥɚɫɧɨ ȽɈɋɌ β789–73 ɧɚ 
ɞɥɢɧɟ 15 ɦɦ (ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ) ɫ ɩɨɦɨɳɶɸ ɩɪɨɮɢɥɨɦɟɬɪɚ-ɩɪɨɮɢɥɨɝɪɚɮɚ Hommel 
Tester T500. ȼ ɤɚɱɟɫɬɜɟ ɩɚɪɚɦɟɬɪɚ ɞɥɹ ɨɰɟɧɤɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɚɪɚɦɟɬɪ Rɚ. 

ɂɫɩɵɬɚɧɢɹ ɧɚ ɞɟɦɩɮɢɪɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɨɜɨɞɢɥɢ ɧɚ ɜɢɛɪɨɫɬɟɧɞɟ ETS So-
lution MPA 403-M124M ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ β0 ɢ 400°ɋ ɫɨɝɥɚɫɧɨ ɋɌɈ 1-595-2-506–2016. 

ɂɫɩɵɬɚɧɢɹ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɷɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɩɪɨɜɨɞɢɥɢ ɫɨɝɥɚɫɧɨ 
ɆɆ1.595-2-352–β008 ɧɚ ɢɫɩɵɬɚɬɟɥɶɧɨɦ ɫɬɟɧɞɟ – ɞɥɹ ɢɫɩɵɬɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɜɚɪɰɟ-
ɜɵɣ ɩɟɫɨɤ Ʌɸɛɟɪɟɰɤɨɝɨ ɤɚɪɶɟɪɚ ɫɨ ɫɪɟɞɧɟɣ ɮɪɚɤɰɢɟɣ γ00 ɦɤɦ. ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢ 
ɩɪɢ ɭɝɥɚɯ ɚɬɚɤɢ 70 ɢ β0 ɝɪɚɞ ɜ ɬɟɱɟɧɢɟ γ ɰɢɤɥɨɜ. ȼɪɟɦɹ ɰɢɤɥɚ ɫɨɫɬɚɜɥɹɥɨ β ɦɢɧ, ɞɚɜɥɟ-
ɧɢɟ ɜɨɡɞɭɯɚ γ ɚɬ (0,γ Ɇɉɚ) ɩɪɢ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɱɚɫɬɢɰ 50 ɦ/ɫ. 

Ɉɛɪɚɡɰɵ ɞɥɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɞɟɦɩɮɢɪɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɞɜɟɪɝɚɥɢ ɚɛɪɚɡɢɜɧɨ-
ɦɭ ɢɡɧɨɫɭ ɩɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɟɬɨɞɢɤɟ ȼɂȺɆ ɧɚ ɧɨɜɨɦ ɥɚɛɨɪɚɬɨɪɧɨɦ ɫɬɟɧɞɟ ɞɥɹ 
ɷɪɨɡɢɨɧɧɵɯ ɢɫɩɵɬɚɧɢɣ (ɪɢɫ. 1). 
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Ɋɢɫ. 1. ɋɯɟɦɚ ɧɨɜɨɝɨ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɫɬɟɧɞɚ ɞɥɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɷɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ: 
1 – ɨɛɪɚɡɟɰ; 2 – ɤɪɟɫɬɨɨɛɪɚɡɧɵɣ ɪɚɫɩɵɥɢɬɟɥɶ; 3 – ɛɭɧɤɟɪ ɞɥɹ ɩɨɞɚɱɢ ɚɛɪɚɡɢɜɚ; 4 – ɩɨɡɢɰɢɢ 

ɤɪɟɩɥɟɧɢɹ ɨɛɪɚɡɰɨɜ ɩɨɞ ɪɚɡɧɵɦɢ ɭɝɥɚɦɢ ɤ ɚɛɪɚɡɢɜɧɨɦɭ ɩɨɬɨɤɭ; 5 – ɞɜɢɝɚɬɟɥɶ 
 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɫɬɟɧɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɛɞɭɜɤɟ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ, ɪɚɫɩɨɥɨ-
ɠɟɧɧɵɯ ɩɨɞ ɪɚɡɧɵɦɢ ɭɝɥɚɦɢ ɤ ɚɛɪɚɡɢɜɧɨɦɭ ɩɨɬɨɤɭ, ɚɛɪɚɡɢɜɧɵɦ ɦɚɬɟɪɢɚɥɨɦ. ȼ ɞɚɧɧɨɣ 
ɪɚɛɨɬɟ ɜ ɤɚɱɟɫɬɜɟ ɚɛɪɚɡɢɜɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɜɚɪɰɟɜɵɣ ɩɟɫɨɤ Ʌɸɛɟɪɟɰɤɨɝɨ ɤɚɪɶɟɪɚ, ɩɪɨ-
ɫɟɹɧɧɵɣ ɱɟɪɟɡ ɫɢɬɨ ɫ ɹɱɟɣɤɚɦɢ ɪɚɡɦɟɪɨɦ 1 ɦɦ. Ⱥɛɪɚɡɢɜ, ɡɚɫɵɩɚɧɧɵɣ ɜ ɛɭɧɤɟɪ ɭɫɬɚɧɨɜ-
ɤɢ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ, ɫɚɦɨɬɟɤɨɦ ɩɨɫɬɭɩɚɥ ɜ ɪɨɬɨɪɧɵɣ ɪɚɫɩɵɥɢɬɟɥɶ, 
ɢɦɟɸɳɢɣ ɤɪɟɫɬɨɨɛɪɚɡɧɭɸ ɮɨɪɦɭ. Ɂɚ ɫɱɟɬ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ ɩɟɫɨɤ ɚɛɪɚɡɢɜɧɨɣ ɫɬɪɭɟɣ 
ɷɪɨɞɢɪɨɜɚɥ ɢɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ. Ɇɚɫɫɚ ɩɟɫɤɚ ɫɨɫɬɚɜɥɹɥɚ 1,7 ɤɝ. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɩɨɥɧɨɝɨ ɪɚɫɯɨɞɚ ɩɟɫɤɚ ɫɨɫɬɚɜɥɹɥɚ 45–50 ɫ. 

 
Ɋɟɡɭɥɶɬɚɬɵ 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɥɢɹɧɢɹ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɚɛɪɚɡɢɜɧɨɝɨ ɢɡɧɨɫɚ ɧɚ 
ɞɟɦɩɮɢɪɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɤɨɦɩɨɡɢɰɢɢ «ɫɩɥɚɜ–ɩɨɤɪɵɬɢɟ» ɧɚ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɣ 
ɭɫɬɚɧɨɜɤɟ ɆȺɉ-γ ɫ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨ-
ɰɟɫɫɨɦ ɧɚɧɨɫɢɥɢ ɧɨɜɨɟ ɞɟɦɩɮɢɪɭɸɳɟɟ ɩɨɤɪɵɬɢɟ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ, ɥɟ-
ɝɢɪɨɜɚɧɧɨɝɨ ɧɢɤɟɥɟɦ ɢ ɪɟɞɤɨɡɟɦɟɥɶɧɵɦ ɦɟɬɚɥɥɨɦ – ɢɬɬɪɢɟɦ. Ɍɨɥɳɢɧɭ ɩɨɤɪɵɬɢɹ ɜɚɪɶ-
ɢɪɨɜɚɥɢ – ɨɬ β0 ɞɨ 100 ɦɤɦ. ɇɚɧɟɫɟɧɢɟ ɩɪɨɜɨɞɢɥɢ ɜ ɨɞɧɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɰɢɤɥɟ ɫ 
ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɜɵɝɪɭɡɤɨɣ ɨɛɪɚɡɰɨɜ ɩɪɢ ɧɚɩɵɥɟɧɢɢ ɩɨɤɪɵɬɢɹ ɬɨɥɳɢɧɨɣ, ɤɪɚɬɧɨɣ  
β0 ɦɤɦ Д8–12]. 

ɉɨɫɥɟ ɧɚɧɟɫɟɧɢɹ ɞɟɦɩɮɢɪɭɸɳɟɝɨ ɩɨɤɪɵɬɢɹ ɫɢɫɬɟɦɵ Al–Ni–Y ɩɪɨɜɟɞɟɧɵ ɢɫɩɵ-
ɬɚɧɢɹ ɧɚ ɞɟɦɩɮɢɪɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0°ɋ. Ⱦɚɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɷɮ-
ɮɟɤɬɢɜɧɨɫɬɢ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 ɫ ɩɨɤɪɵɬɢɟɦ ɫɢɫɬɟɦɵ 
Al–Ni–Y ɪɚɡɥɢɱɧɨɣ ɬɨɥɳɢɧɵ ɢ ɛɟɡ ɧɟɝɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20°ɋ ɢ ɧɚɩɪɹɠɟɧɢɢ ɜ ɨɩɚɫɧɨɦ 
ɫɟɱɟɧɢɢ ɨɛɪɚɡɰɚ 70 Ɇɉɚ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1 Д1γЖ. 

Ɉɰɟɧɤɭ ɞɟɦɩɮɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɮɨɪɦɭɥɟ, ɩɨ ɤɨɬɨɪɨɣ ɚɦ-
ɩɥɢɬɭɞɭ ɨɛɪɚɡɰɚ ɜ ɪɟɡɨɧɚɧɫɟ ɩɨɫɥɟ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɹ ɭɦɧɨɠɚɥɢ ɧɚ 100 ɢ ɩɨɥɭɱɟɧɧɨɟ 
ɡɧɚɱɟɧɢɟ ɞɟɥɢɥɢ ɧɚ ɚɦɩɥɢɬɭɞɭ ɨɛɪɚɡɰɚ ɜ ɪɟɡɨɧɚɧɫɟ ɞɨ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɹ. ɉɨɥɭɱɟɧ-
ɧɵɣ ɪɟɡɭɥɶɬɚɬ ɞɚɥɟɟ ɜɵɱɢɬɚɥɢ ɢɡ 100. Ⱦɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɨɡɧɚɱɚɟɬ ɧɚ ɫɤɨɥɶɤɨ ɩɪɨɰɟɧɬɨɜ 
ɫɧɢɡɢɥɚɫɶ ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɫɜɨɛɨɞɧɨɝɨ ɤɨɧɰɚ ɨɛɪɚɡɰɚ. 
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Ɍɚɛɥɢɰɚ 1 
Ɂɚɜɢɫɢɦɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 

ɫ ɩɨɤɪɵɬɢɟɦ ɫɢɫɬɟɦɵ Al–Ni–Y ɪɚɡɥɢɱɧɨɣ ɬɨɥɳɢɧɵ ɢ ɛɟɡ ɧɟɝɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20°ɋ 
ɢ ɧɚɩɪɹɠɟɧɢɢ ɜ ɨɩɚɫɧɨɦ ɫɟɱɟɧɢɢ ɨɛɪɚɡɰɚ 70 Ɇɉɚ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ 

ɍɫɥɨɜɧɵɣ  
ɧɨɦɟɪ  
ɨɛɪɚɡɰɚ 

Ɍɨɥɳɢɧɚ 
ɩɨɤɪɵɬɢɹ, 

ɦɤɦ 

Ȼɟɡ ɩɨɤɪɵɬɢɹ ɋ ɩɨɤɪɵɬɢɟɦ 
ɑɚɫɬɨɬɚ 

ɪɟɡɨɧɚɧɫɚ, 
Ƚɰ 

Ⱥɦɩɥɢɬɭɞɚ  
ɫɜɨɛɨɞɧɨɝɨ ɤɨɧɰɚ 

ɨɛɪɚɡɰɚ, ɦɦ 

ɑɚɫɬɨɬɚ 
ɪɟɡɨɧɚɧɫɚ, 

Ƚɰ 

Ⱥɦɩɥɢɬɭɞɚ  
ɫɜɨɛɨɞɧɨɝɨ ɤɨɧɰɚ 

ɨɛɪɚɡɰɚ, ɦɦ 
1 20  490,6 1,46 499,2 1,33 
2 40 492,8 1,45 500,9 1,3 
3 60 488,6 1,45 499,8 1,24 
4 80 498,5 1,45 513,3 1,13 
5 100 496,3 1,45 515,8 1 

 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɥɳɢɧɵ ɩɨɤɪɵɬɢɹ ɞɟɦɩɮɢɪɭɸɳɚɹ ɫɩɨɫɨɛ-
ɧɨɫɬɶ ɩɨɜɵɲɚɟɬɫɹ:  

Ɍɨɥɳɢɧɚ ɩɨɤɪɵɬɢɹ, ɦɦ ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɞɟɦɩɮɢɪɨɜɚɧɢɹ, % 
20 9 
40 10,3 
60 14,5 
80 22 

100 31 
ɉɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɞɟɦɩɮɢɪɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɡɚɦɟɪɹɥɢ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨ-

ɤɪɵɬɢɹ ɢ ɞɚɥɟɟ ɨɛɪɚɡɰɵ ɩɨɞɜɟɪɝɚɥɢ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɜɢɛɪɨɝɚɥɬɨɜɤɟ ɜ ɤɪɭɝɨɜɨɦ ɜɢɛɪɚɬɨ-
ɪɟ ɮɢɪɦɵ Rosler [14]. ɉɨɫɥɟ 1 ɱ ɨɛɪɚɛɨɬɤɢ ɡɚɦɟɪɹɥɢ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɞɚ-
ɥɟɟ ɩɪɨɜɨɞɢɥɢ ɢɫɩɵɬɚɧɢɹ ɧɚ ɞɟɦɩɮɢɪɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ. Ⱦɚɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɷɮ-
ɮɟɤɬɢɜɧɨɫɬɢ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 ɫ ɩɨɤɪɵɬɢɟɦ ɫɢɫɬɟɦɵ 
Al–Ni–Y ɪɚɡɥɢɱɧɨɣ ɬɨɥɳɢɧɵ ɢ ɛɟɡ ɧɟɝɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0°ɋ ɢ ɧɚɩɪɹɠɟɧɢɢ ɜ ɨɩɚɫɧɨɦ 
ɫɟɱɟɧɢɢ ɨɛɪɚɡɰɚ 70 Ɇɉɚ ɩɨɫɥɟ ɜɢɛɪɨɝɚɥɬɨɜɤɢ ɜ ɬɟɱɟɧɢɟ 1 ɱ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. β. 
 

Ɍɚɛɥɢɰɚ 2 
Ɂɚɜɢɫɢɦɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 

ɫ ɩɨɤɪɵɬɢɟɦ ɫɢɫɬɟɦɵ Al–Ni–Y ɪɚɡɥɢɱɧɨɣ ɬɨɥɳɢɧɵ ɢ ɛɟɡ ɧɟɝɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20°ɋ 
ɢ ɧɚɩɪɹɠɟɧɢɢ ɜ ɨɩɚɫɧɨɦ ɫɟɱɟɧɢɢ ɨɛɪɚɡɰɚ 70 Ɇɉɚ ɩɨɫɥɟ ɜɢɛɪɨɝɚɥɬɨɜɤɢ ɜ ɬɟɱɟɧɢɟ 1 ɱ 
ɍɫɥɨɜɧɵɣ  
ɧɨɦɟɪ  
ɨɛɪɚɡɰɚ 

Ɍɨɥɳɢɧɚ 
ɩɨɤɪɵɬɢɹ, 

ɦɤɦ 

Ȼɟɡ ɩɨɤɪɵɬɢɹ ɋ ɩɨɤɪɵɬɢɟɦ 
ɑɚɫɬɨɬɚ 

ɪɟɡɨɧɚɧɫɚ, 
Ƚɰ 

Ⱥɦɩɥɢɬɭɞɚ  
ɫɜɨɛɨɞɧɨɝɨ ɤɨɧɰɚ 

ɨɛɪɚɡɰɚ, ɦɦ 

ɑɚɫɬɨɬɚ 
ɪɟɡɨɧɚɧɫɚ, 

Ƚɰ 

Ⱥɦɩɥɢɬɭɞɚ  
ɫɜɨɛɨɞɧɨɝɨ ɤɨɧɰɚ 

ɨɛɪɚɡɰɚ, ɦɦ 
1 20 490,6 1,46 499 1,3 
2 40 492,8 1,45 502,2 1,28 
3 60 488,6 1,45 499 1,25 
4 80 498,5 1,45 515,9 1,07 
5 100 496,3 1,45 518,3 1,07 

 
ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɨɫɥɟ 1 ɱ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɜɵɝɥɚɠɢɜɚɧɢɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɥɳɢɧɵ 

ɩɨɤɪɵɬɢɹ ɞɟɦɩɮɢɪɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɜɵɲɚɟɬɫɹ: 
Ɍɨɥɳɢɧɚ ɩɨɤɪɵɬɢɹ, ɦɦ ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɞɟɦɩɮɢɪɨɜɚɧɢɹ, % 

20 10 
40 11,7 
80 26,2 

 
ɉɪɢ ɬɨɥɳɢɧɚɯ 60 ɢ 100 ɦɤɦ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɭɦɟɧɶɲɢɥɚɫɶ – ɫ 14,5 

ɞɨ 1γ,8% ɢ ɫ γ1 ɞɨ β6,β% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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Ɂɚɬɟɦ ɨɛɪɚɡɰɵ ɫɧɨɜɚ ɨɛɪɚɛɨɬɚɥɢ ɜ ɤɪɭɝɨɜɨɦ ɜɢɛɪɚɬɨɪɟ ɮɢɪɦɵ Rosler ɜ ɬɟɱɟɧɢɟ 1 ɱ. 
Ⱦɚɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ 
ȼɌ6 ɫ ɩɨɤɪɵɬɢɟɦ ɫɢɫɬɟɦɵ Al–Ni–Y ɪɚɡɥɢɱɧɨɣ ɬɨɥɳɢɧɵ ɢ ɛɟɡ ɧɟɝɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
20°ɋ ɢ ɧɚɩɪɹɠɟɧɢɢ ɜ ɨɩɚɫɧɨɦ ɫɟɱɟɧɢɢ ɨɛɪɚɡɰɚ 70 Ɇɉɚ ɩɨɫɥɟ β ɱ ɜɢɛɪɨɝɚɥɬɨɜɤɢ ɩɪɟɞ-
ɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. γ. 
 

Ɍɚɛɥɢɰɚ 3 
Ɂɚɜɢɫɢɦɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 

ɫ ɩɨɤɪɵɬɢɟɦ ɫɢɫɬɟɦɵ Al–Ni–Y ɪɚɡɥɢɱɧɨɣ ɬɨɥɳɢɧɵ ɢ ɛɟɡ ɧɟɝɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20°ɋ 
ɢ ɧɚɩɪɹɠɟɧɢɢ ɜ ɨɩɚɫɧɨɦ ɫɟɱɟɧɢɢ ɨɛɪɚɡɰɚ 70 Ɇɉɚ ɩɨɫɥɟ 2 ɱ ɜɢɛɪɨɝɚɥɬɨɜɤɢ 

ɍɫɥɨɜɧɵɣ  
ɧɨɦɟɪ  
ɨɛɪɚɡɰɚ 

Ɍɨɥɳɢɧɚ 
ɩɨɤɪɵɬɢɹ, 

ɦɤɦ 

Ȼɟɡ ɩɨɤɪɵɬɢɹ ɋ ɩɨɤɪɵɬɢɟɦ 
ɑɚɫɬɨɬɚ 

ɪɟɡɨɧɚɧɫɚ, 
Ƚɰ 

Ⱥɦɩɥɢɬɭɞɚ  
ɫɜɨɛɨɞɧɨɝɨ ɤɨɧɰɚ 

ɨɛɪɚɡɰɚ, ɦɦ 

ɑɚɫɬɨɬɚ 
ɪɟɡɨɧɚɧɫɚ, 

Ƚɰ 

Ⱥɦɩɥɢɬɭɞɚ  
ɫɜɨɛɨɞɧɨɝɨ ɤɨɧɰɚ 

ɨɛɪɚɡɰɚ, ɦɦ 
1 20  490,6 1,46 502,1 1,35 
2 40 492,8 1,45 500,2 1,32 
3 60 488,6 1,45 499,6 1,25 
4 80 498,5 1,45 513,6 1,17 
5 100 496,3 1,45 515,3 1,1 

 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɥɳɢɧɵ ɩɨɤɪɵɬɢɹ ɞɟɦɩɮɢɪɭɸɳɚɹ ɫɩɨɫɨɛ-

ɧɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ: 
Ɍɨɥɳɢɧɚ ɩɨɤɪɵɬɢɹ, ɦɦ ɍɦɟɧɶɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ  

ɞɟɦɩɮɢɪɨɜɚɧɢɹ, % 
20 ɫ 10 ɞɨ 7 
40 ɫ 11,7 ɞɨ 8,9 
80 ɫ β6,β ɞɨ 19,γ 

100 ɫ β6,β ɞɨ β4,1 
 

ɉɪɢ ɬɨɥɳɢɧɟ ɩɨɤɪɵɬɢɹ 60 ɦɤɦ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɧɟ ɢɡɦɟɧɢɥɚɫɶ ɢ 
ɫɨɫɬɚɜɢɥɚ 1γ,8%. 

Ⱦɚɧɧɵɟ ɩɨ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɥɳɢɧɵ ɢ ɩɨɫɥɟɞɭɸ-
ɳɟɣ ɨɛɪɚɛɨɬɤɢ ɞɟɦɩɮɢɪɭɸɳɟɝɨ ɩɨɤɪɵɬɢɹ ɫɢɫɬɟɦɵ Al–Ni–Y ɜ ɤɪɭɝɨɜɨɦ ɜɢɛɪɚɬɨɪɟ 
ɮɢɪɦɵ Rosler ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 4. 
 

Ɍɚɛɥɢɰɚ 4 
ɉɚɪɚɦɟɬɪɵ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɥɳɢɧɵ ɢ  

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɞɟɦɩɮɢɪɭɸɳɟɝɨ ɩɨɤɪɵɬɢɹ  
ɫɢɫɬɟɦɵ Al–Ni–Y ɜ ɤɪɭɝɨɜɨɦ ɜɢɛɪɚɬɨɪɟ ɮɢɪɦɵ Rosler 

ɍɫɥɨɜɧɵɣ  
ɧɨɦɟɪ  
ɨɛɪɚɡɰɚ 

Ɍɨɥɳɢɧɚ 
ɩɨɤɪɵɬɢɹ, 

ɦɤɦ 

ɋɪɟɞɧɢɣ ɩɚɪɚɦɟɬɪ ɲɟɪɨɯɨɜɚɬɨɫɬɢ Ra ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɩɨɤɪɵɬɢɟɦ 
ɩɨɫɥɟ ɜɢɛɪɨɝɚɥɬɨɜɤɢ ɜ ɬɟɱɟɧɢɟ, ɱ 

Ȼɟɡ ɨɛɪɚɛɨɬɤɢ 1 2 
1 20 2,57 0,76 0,74 
2 40 3,19 1,09 0,92 
3 60 3,16 1,87 1,18 
4 80 3,1 1,52 1,25 
5 100 4,24 2,31 1,61 

 
ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɜɟ-

ɥɢɱɢɧɚ ɦɢɤɪɨɧɟɪɨɜɧɨɫɬɟɣ ɭɦɟɧɶɲɚɟɬɫɹ. ɇɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɧɚ ɨɛ-
ɪɚɡɰɟ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 ɫ ɞɟɦɩɮɢɪɭɸɳɢɦ ɩɨɤɪɵɬɢɟɦ ɬɨɥɳɢɧɨɣ β0 ɦɤɦ ɩɨɫɥɟ 
β ɱ ɜɢɛɪɨɝɚɥɬɨɜɤɢ, ɧɚɢɛɨɥɶɲɟɟ – ɩɪɢ ɬɨɥɳɢɧɟ 100 ɦɤɦ. 

ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ȽɌȾ ɩɪɢ ɜɡɥɟɬɟ ɢ ɩɨɫɚɞɤɟ ɥɨɩɚɬɤɢ ɤɨɦɩɪɟɫɫɨɪɚ ɢɫɩɵɬɵɜɚɸɬ 
ɜɨɡɞɟɣɫɬɜɢɟ ɚɛɪɚɡɢɜɧɨɝɨ ɩɨɬɨɤɚ. ɋ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɨɣɤɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ 
ɞɟɦɩɮɢɪɭɸɳɟɝɨ ɩɨɤɪɵɬɢɹ ɤ ɚɛɪɚɡɢɜɧɨɦɭ ɢɡɧɨɫɭ ɩɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɧɚ ɥɚɛɨɪɚɬɨɪ-
ɧɨɣ ɭɫɬɚɧɨɜɤɟ ɞɥɹ ɢɫɩɵɬɚɧɢɹ ɤɨɦɩɨɡɢɰɢɢ ɨɛɪɚɡɰɨɜ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɷɪɨɡɢɨɧɧɭɸ 
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ɫɬɨɣɤɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0°ɋ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɷɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɩɪɨɜɨɞɢɥɢ ɧɚ 
ɞɢɫɤɨɜɵɯ ɨɛɪɚɡɰɚɯ ɫ ɧɚɧɟɫɟɧɧɵɦ ɩɨɤɪɵɬɢɟɦ ɬɨɥɳɢɧɨɣ 60 ɦɤɦ ɩɪɢ ɭɝɥɚɯ ɚɬɚɤɢ ɚɛɪɚ-
ɡɢɜɧɨɝɨ ɩɨɬɨɤɚ ɜ 70 ɢ β0 ɝɪɚɞ. ɗɬɨ ɢɦɢɬɢɪɭɟɬ ɩɪɹɦɨɣ (ɧɚ ɜɯɨɞɧɨɣ ɤɪɨɦɤɟ) ɢ ɤɚɫɚɬɟɥɶ-
ɧɵɣ (ɧɚ ɤɨɪɵɬɟ ɢ ɜɵɯɨɞɧɨɣ ɤɪɨɦɤɟ) ɫɨɭɞɚɪɟɧɢɟ ɚɛɪɚɡɢɜɚ ɫ ɥɨɩɚɬɤɨɣ ɤɨɦɩɪɟɫɫɨɪɚ ȽɌȾ. 
ɉɟɪɟɞ ɢɫɩɵɬɚɧɢɹɦɢ ɨɛɪɚɡɰɵ ɩɨɞɜɟɪɝɚɥɢ ɜɢɛɪɨɝɚɥɬɨɜɤɟ ɜ ɬɟɱɟɧɢɟ 1 ɱ. Ⱦɚɧɧɵɟ ɩɨ ɢɫ-
ɫɥɟɞɨɜɚɧɢɹɦ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 5 Д15Ж, ɜɫɟ ɨɛɪɚɡɰɵ ɩɪɨɲɥɢ ɬɪɢ ɰɢɤɥɚ ɢɫɩɵɬɚɧɢɣ. 
 

Ɍɚɛɥɢɰɚ 5 
Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɷɪɨɡɢɨɧɧɵɣ ɢɡɧɨɫ ɨɛɪɚɡɰɨɜ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 

ɫ ɞɟɦɩɮɢɪɭɸɳɢɦ ɩɨɤɪɵɬɢɟɦ ɬɨɥɳɢɧɨɣ 60 ɦɤɦ ɢ ɛɟɡ ɧɟɝɨ 
ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ  

ɨɛɪɚɡɰɚ 
Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɷɪɨɡɢɨɧɧɵɣ ɢɡɧɨɫ/ɷɪɨɡɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ, ɪɚɡ,  

ɩɪɢ ɭɝɥɟ ɚɬɚɤɢ ɚɛɪɚɡɢɜɧɨɝɨ ɩɨɬɨɤɚ, ɝɪɚɞ 
70 20 

1* 1 1 
2 1,55/0,6 1,32/0,8 
3 1,34/0,7 1,13/0,9 
4 1,87/0,5 1,5/0,7 
5 1,97/0,5 1,55/0,6 
6 2,29/0,4 1,37/0,7 

* Ɉɛɪɚɡɟɰ ɛɟɡ ɩɨɤɪɵɬɢɹ (ɤɨɧɬɪɨɥɶɧɵɣ). 
 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɟɦɩɮɢɪɭɸɳɟɟ ɩɨɤɪɵɬɢɟ ɫɢɫɬɟɦɵ Al–Ni–Y ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɩɨ-
ɜɵɲɚɟɬ ɷɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɨɛɪɚɡɰɚ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɛɪɚɡɰɚ 
ɛɟɡ ɩɨɤɪɵɬɢɹ: ɜ 0,54 ɪɚɡɚ – ɩɪɢ ɭɝɥɟ ɚɬɚɤɢ ɚɛɪɚɡɢɜɧɨɝɨ ɩɨɬɨɤɚ 70 ɝɪɚɞ ɢ 0,74 ɪɚɡɚ – ɩɪɢ 
ɭɝɥɟ β0 ɝɪɚɞ. 

ɂɫɫɥɟɞɨɜɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɞɟɦɩɮɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɚɛɪɚɡɢɜ-
ɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɧɨɜɨɟ ɪɚɡɪɚɛɨɬɚɧɧɨɟ ɩɨɤɪɵɬɢɟ ɫɢɫɬɟɦɵ Al–Ni–Y. ɗɪɨɡɢɨɧɧɵɟ ɢɫɩɵɬɚɧɢɹ 
ɩɪɨɜɨɞɢɥɢ ɧɚ ɧɨɜɨɦ ɥɚɛɨɪɚɬɨɪɧɨɦ ɫɬɟɧɞɟ ɫ ɪɨɬɨɪɧɨɣ ɫɢɫɬɟɦɨɣ ɩɨɞɚɱɢ ɚɛɪɚɡɢɜɚ. ɉɨɫɤɨɥɶ-
ɤɭ ɢɫɩɵɬɚɧɢɹ ɧɚ ɞɟɦɩɮɢɪɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɨɜɨɞɢɥɢ ɩɨ ɩɟɪɜɨɣ ɢɡɝɢɛɧɨɣ ɮɨɪɦɟ ɤɨ-
ɥɟɛɚɧɢɣ, ɬɨ ɨɛɞɭɜɤɟ ɩɨɞɜɟɪɝɚɥɢ ɬɨɥɶɤɨ ɦɟɫɬɨ ɧɚ ɨɛɪɚɡɰɚɯ ɞɥɹ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɫ ɦɚɤɫɢ-
ɦɚɥɶɧɵɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ. Ɉɛɪɚɡɰɵ ɪɚɫɩɨɥɚɝɚɥɢ ɩɨɞ ɩɪɹɦɵɦ ɭɝɥɨɦ ɤ ɚɛɪɚɡɢɜɧɨɦɭ ɩɨɬɨɤɭ. 

ɉɨɫɥɟ ɨɛɞɭɜɤɢ ɨɛɪɚɡɰɨɜ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɤɪɵɬɢɹ ɬɨɥɳɢɧɨɣ β0 ɢ 40 ɦɤɦ ɨɬ 
ɜɨɡɞɟɣɫɬɜɢɹ ɚɛɪɚɡɢɜɧɨɝɨ ɩɨɬɨɤɚ ɫɥɟɬɟɥɢ, ɚ ɬɨɥɳɢɧɨɣ ɨɬ 60 ɞɨ 100 ɦɤɦ – ɨɫɬɚɥɢɫɶ. 

ȼɧɟɲɧɢɣ ɜɢɞ ɢɫɩɵɬɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 ɫ ɞɟɦɩɮɢɪɭɸɳɢɦ 
ɩɨɤɪɵɬɢɟɦ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɷɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. β. 
 

 
Ɋɢɫ. β. ȼɧɟɲɧɢɣ ɜɢɞ ɨɛɪɚɡɰɨɜ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 ɫ ɞɟɦɩɮɢɪɭɸɳɢɦ ɩɨɤɪɵɬɢɟɦ ɬɨɥ-

ɳɢɧɨɣ 40 (ɚ) ɢ 80 ɦɤɦ (ɛ) ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɷɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ 
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Ⱦɚɧɧɵɟ ɩɨ ɞɟɦɩɮɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 ɫ 
ɩɨɤɪɵɬɢɟɦ ɫɢɫɬɟɦɵ Al–Ni–Y ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɚɛɪɚɡɢɜɧɨɝɨ ɩɨɬɨɤɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥ. 6. 

Ɍɚɛɥɢɰɚ 6 
Ⱦɚɧɧɵɟ ɩɨ ɞɟɦɩɮɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 

ɫ ɩɨɤɪɵɬɢɟɦ ɫɢɫɬɟɦɵ Al–Ni–Y ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɚɛɪɚɡɢɜɧɨɝɨ ɩɨɬɨɤɚ 
ɍɫɥɨɜɧɵɣ 
ɧɨɦɟɪ  
ɨɛɪɚɡɰɚ 

Ɍɨɥɳɢɧɚ 
ɩɨɤɪɵɬɢɹ, 

ɦɤɦ 

Ȼɟɡ ɩɨɤɪɵɬɢɹ ɋ ɩɨɤɪɵɬɢɟɦ ɗɮɮɟɤɬɢɜɧɨɫɬɶ 
ɞɟɦɩɮɢɪɨɜɚɧɢɹ,  

% 
ɑɚɫɬɨɬɚ  

ɪɟɡɨɧɚɧɫɚ,  
Ƚɰ 

Ⱥɦɩɥɢɬɭɞɚ  
ɫɜɨɛɨɞɧɨɝɨ  

ɤɨɧɰɚ ɨɛɪɚɡɰɚ,  
ɦɦ 

ɑɚɫɬɨɬɚ  
ɪɟɡɨɧɚɧɫɚ,  

Ƚɰ 

Ⱥɦɩɥɢɬɭɞɚ  
ɫɜɨɛɨɞɧɨɝɨ  

ɤɨɧɰɚ ɨɛɪɚɡɰɚ, 
 ɦɦ 

1 20  490,6 1,46 495,3 1,25 13,8 
2 40 492,8 1,45 497,3 1,28 11,7 
3 60 488,6 1,45 490,1 1,24 14,5 
4 80 498,5 1,45 511,5 1,14 21,3 
5 100 496,3 1,45 514,8 1,12 22,7 

 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɟɦɩɮɢɪɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɚɛɪɚɡɢɜɧɨɝɨ 

ɩɨɬɨɤɚ ɧɚ ɨɛɪɚɡɰɚɯ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 ɫɨ ɫɥɟɬɟɜɲɢɦ ɩɨɤɪɵɬɢɟɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ – 
ɨɛɪɚɡɰɵ 1 ɢ 2. ȼɟɪɨɹɬɧɨ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɭɩɪɨɱɧɟɧɢɟɦ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ 
ȼɌ6 ɚɛɪɚɡɢɜɧɵɦ ɩɨɬɨɤɨɦ. 

ɂɫɫɥɟɞɨɜɚɥɢ ɞɟɦɩɮɢɪɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 ɫ 
ɩɨɤɪɵɬɢɟɦ ɫɢɫɬɟɦɵ Al–Ni–Y ɬɨɥɳɢɧɨɣ 80 ɢ 100 ɦɤɦ ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɚɛɪɚɡɢɜɧɨɝɨ 
ɩɨɬɨɤɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 400°ɋ. ɂɫɩɵɬɚɧɢɹ ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɨɜɨɞɢɥɢ ɫ 
ɜɨɡɛɭɠɞɚɸɳɟɣ ɫɢɥɨɣ ɬɚɤɨɣ ɠɟ ɜɟɥɢɱɢɧɵ, ɤɚɤ ɢ ɞɥɹ ɢɫɩɵɬɚɧɢɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0°ɋ. 
Ⱦɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 7. 
 

Ɍɚɛɥɢɰɚ 7 
Ⱦɚɧɧɵɟ ɩɨ ɞɟɦɩɮɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 

ɫ ɩɨɤɪɵɬɢɟɦ ɫɢɫɬɟɦɵ Al–Ni–Y ɬɨɥɳɢɧɨɣ 80 ɢ 100 ɦɤɦ 
ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɚɛɪɚɡɢɜɧɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 400°ɋ 

ɍɫɥɨɜɧɵɣ 
ɧɨɦɟɪ  
ɨɛɪɚɡɰɚ 

Ɍɨɥɳɢɧɚ 
ɩɨɤɪɵɬɢɹ, 

ɦɤɦ 

Ȼɟɡ ɩɨɤɪɵɬɢɹ ɋ ɩɨɤɪɵɬɢɟɦ ɗɮɮɟɤɬɢɜɧɨɫɬɶ 
ɞɟɦɩɮɢɪɨɜɚɧɢɹ,  

% 
ɑɚɫɬɨɬɚ  

ɪɟɡɨɧɚɧɫɚ,  
Ƚɰ 

Ⱥɦɩɥɢɬɭɞɚ  
ɫɜɨɛɨɞɧɨɝɨ  

ɤɨɧɰɚ ɨɛɪɚɡɰɚ,  
ɦɦ 

ɑɚɫɬɨɬɚ  
ɪɟɡɨɧɚɧɫɚ,  

Ƚɰ 

Ⱥɦɩɥɢɬɭɞɚ  
ɫɜɨɛɨɞɧɨɝɨ  

ɤɨɧɰɚ ɨɛɪɚɡɰɚ,  
ɦɦ 

4 80 498,5 1,45 481 0,58 60 
5 100 496,3 1,45 483 0,54 63 

 
ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɟɦɩɮɢɪɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɨɫɬɚɜɢɥɚ 60% ɞɥɹ ɨɛɪɚɡɰɚ ɢɡ ɬɢɬɚ-

ɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 ɫ ɩɨɤɪɵɬɢɟɦ ɫɢɫɬɟɦɵ Al–Ni–Y ɬɨɥɳɢɧɨɣ 80 ɦɤɦ ɢ 6γ% – ɞɥɹ ɨɛ-
ɪɚɡɰɚ ɬɨɥɳɢɧɨɣ 100 ɦɤɦ. 

 
Ɉɛɫɭɠɞɟɧɢɟ ɢ ɡɚɤɥɸɱɟɧɢɹ 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɞɟɦɩɮɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɬ ɬɨɥɳɢɧɵ 
ɧɨɜɨɝɨ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɫɢɫɬɟɦɵ Al–Ni–Y ɩɪɢ ɜɢɛɪɨɢɫɩɵɬɚɧɢɹɯ ɩɨ ɩɟɪɜɨɣ 
ɢɡɝɢɛɧɨɣ ɮɨɪɦɟ ɩɪɢ ɪɟɡɨɧɚɧɫɟ ɫ ɨɞɢɧɚɤɨɜɨɣ ɚɦɩɥɢɬɭɞɨɣ ɜɨɡɛɭɠɞɚɸɳɟɣ ɫɢɥɵ, ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɟɣ ɧɚɩɪɹɠɟɧɢɹɦ 70 Ɇɉɚ ɜ ɨɩɚɫɧɨɦ ɫɟɱɟɧɢɢ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɥɳɢɧɵ ɧɚɧɟɫɟɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɞɟɦɩɮɢɪɭɸ-
ɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɜɵɲɚɟɬɫɹ ɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚɱɟɧɢɹɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0°ɋ: 

Ɍɨɥɳɢɧɚ ɩɨɤɪɵɬɢɹ, ɦɦ ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɞɟɦɩɮɢɪɨɜɚɧɢɹ, % 
20 9 
40 10,3 
60 14,5 
80 22 

100 31 
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ɉɨɫɥɟ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɜ ɜɢɞɟ ɜɢɛɪɨɝɚɥɬɨɜɤɢ ɞɟɦɩɮɢɪɭɸɳɚɹ ɫɩɨɫɨɛ-
ɧɨɫɬɶ ɩɨɫɥɟ 1 ɱ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɜɵɝɥɚɠɢɜɚɧɢɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɥɳɢɧɵ ɩɨɤɪɵɬɢɹ ɩɨ-
ɜɵɲɚɟɬɫɹ ɩɪɢ ɬɨɥɳɢɧɚɯ β0, 40 ɢ 80 ɦɤɦ ɢ ɫɨɫɬɚɜɥɹɟɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 10; 11,7 ɢ β6,β%. 
ɉɪɢ ɬɨɥɳɢɧɚɯ 60 ɢ 100 ɦɤɦ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɭɦɟɧɶɲɢɥɚɫɶ – ɫ 14,5 ɞɨ 
1γ,8% ɢ ɫ γ1 ɞɨ β6,β% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɨɫɥɟ ɞɜɭɯ ɱɚɫɨɜ ɜɢɛɪɨɝɚɥɬɨɜɤɢ ɞɟɦɩɮɢɪɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ 
ɬɨɥɳɢɧɚɯ ɩɨɤɪɵɬɢɹ: β0 ɦɤɦ – ɫ 10 ɞɨ 7%; 40 ɦɤɦ – ɫ 11,7 ɞɨ 8,9%; 80 ɦɤɦ – ɫ β6,β ɞɨ 
19,γ%; 100 ɦɤɦ – ɫ β6,β ɞɨ β4,1%. ɉɪɢ ɬɨɥɳɢɧɟ 60 ɦɤɦ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɟɦɩɮɢɪɨɜɚɧɢɹ 
ɧɟ ɢɡɦɟɧɢɥɚɫɶ ɢ ɫɨɫɬɚɜɢɥɚ 1γ,8%. 

ɉɨɤɚɡɚɧɨ ɬɚɤɠɟ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɥɳɢɧɵ ɞɟɦɩɮɢɪɭɸɳɟɝɨ ɩɨɤɪɵɬɢɹ ɜɟɥɢ-
ɱɢɧɚ ɦɢɤɪɨɧɟɪɨɜɧɨɫɬɟɣ ɜɨɡɪɚɫɬɚɟɬ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɧɚɥɢɱɢɟɦ ɦɢɤɪɨɤɚɩɟɥɶɧɨɣ ɮɚɡɵ. ɏɚ-
ɪɚɤɬɟɪɧɨ, ɱɬɨ ɩɨɫɥɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɜɵɝɥɚɠɢɜɚɧɢɹ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɦɩ-
ɮɢɪɭɸɳɟɝɨ ɩɨɤɪɵɬɢɹ ɫɧɢɠɚɟɬɫɹ ɢ ɩɪɢ ɷɬɨɦ ɞɟɦɩɮɢɪɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɬɚɤɠɟ ɫɧɢɠɚ-
ɟɬɫɹ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɬɨɥɳɢɧɵ ɩɨɤɪɵɬɢɹ. 

Ⱦɟɦɩɮɢɪɭɸɳɟɟ ɩɨɤɪɵɬɢɟ ɪɚɡɪɚɛɚɬɵɜɚɥɨɫɶ ɞɥɹ ɫɧɢɠɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɜ ɥɨɩɚɬɤɟ 
ɤɨɦɩɪɟɫɫɨɪɚ ȽɌȾ. Ɉɫɨɛɟɧɧɨɫɬɢ ɪɚɛɨɬɵ ɥɨɩɚɬɨɤ ɤɨɦɩɪɟɫɫɨɪɚ ȽɌȾ ɩɪɟɞɩɨɥɚɝɚɸɬ ɷɪɨɡɢ-
ɨɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɩɟɪɨ, ɨɫɨɛɟɧɧɨ ɧɚ ɜɟɪɬɨɥɟɬɧɵɯ ɞɜɢɝɚɬɟɥɹɯ, ɩɨɷɬɨɦɭ ɢɫɩɵɬɚɧɢɹ ɧɚ 
ɷɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɞɟɦɩɮɢɪɭɸɳɟɝɨ ɩɨɤɪɵɬɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ. 

ɇɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɢɫɩɵɬɵɜɚɥɢ ɨɛɪɚɡɰɵ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɥɚɛɨɪɚɬɨɪɧɨɣ ɦɟɬɨɞɢɤɟ 
ɧɚ ɫɬɨɣɤɨɫɬɶ ɤ ɷɪɨɡɢɨɧɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɛɪɚɡɟɰ ɨɛɞɭɜɚɟɬɫɹ ɩɨɞ ɭɝɥɨɦ 
70 ɝɪɚɞ, ɢɦɢɬɢɪɭɸɳɟɦɭ ɥɨɛɨɜɨɣ ɭɞɚɪ ɨ ɜɯɨɞɧɭɸ ɤɪɨɦɤɭ ɥɨɩɚɬɤɢ, ɢ ɩɨɞ ɭɝɥɨɦ β0 ɝɪɚɞ – 
ɤɚɫɚɬɟɥɶɧɵɣ ɭɞɚɪ ɨ ɤɨɪɵɬɨ ɢ ɜɵɯɨɞɧɭɸ ɤɪɨɦɤɭ ɥɨɩɚɬɤɢ. Ⱦɟɦɩɮɢɪɭɸɳɟɟ ɩɨɤɪɵɬɢɟ 
ɬɨɥɳɢɧɨɣ 60 ɦɤɦ ɩɪɨɲɥɨ ɢɫɩɵɬɚɧɢɟ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɷɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ – ɜɵ-
ɞɟɪɠɚɥɨ γ ɰɢɤɥɚ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɟɦɩɮɢɪɭɸɳɟɟ ɩɨɤɪɵɬɢɟ ɫɢɫɬɟɦɵ Al–Ni–Y ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɩɨ-
ɜɵɲɚɟɬ ɷɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɨɛɪɚɡɰɚ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɛɪɚɡɰɚ 
ɛɟɡ ɩɨɤɪɵɬɢɹ: ɜ 0,54 ɪɚɡɚ – ɩɪɢ ɭɝɥɟ ɚɬɚɤɢ ɚɛɪɚɡɢɜɧɨɝɨ ɩɨɬɨɤɚ 70 ɝɪɚɞ ɢ 0,74 ɪɚɡɚ – ɩɪɢ 
ɭɝɥɟ β0 ɝɪɚɞ. 

Ɉɛɪɚɡɰɵ ɫ ɞɟɦɩɮɢɪɭɸɳɢɦ ɩɨɤɪɵɬɢɟɦ ɢɫɩɵɬɵɜɚɥɢ ɧɚ ɫɬɨɣɤɨɫɬɶ ɤ ɚɛɪɚɡɢɜɧɨɦɭ 
ɢɡɧɨɫɭ ɧɚ ɧɨɜɨɦ ɷɪɨɡɢɨɧɧɨɦ ɫɬɟɧɞɟ ɫ ɛɨɥɟɟ ɠɟɫɬɤɢɦɢ ɭɫɥɨɜɢɹɦɢ ɩɪɨɜɟɞɟɧɢɹ  
ɢɫɩɵɬɚɧɢɣ. 

ɉɨɫɥɟ ɨɛɞɭɜɤɢ ɚɛɪɚɡɢɜɧɵɦ ɩɨɬɨɤɨɦ ɨɛɪɚɡɰɨɜ ɫ ɞɟɦɩɮɢɪɭɸɳɢɦ ɩɨɤɪɵɬɢɟɦ ɩɨ-
ɫɥɟ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɜɢɛɪɨɝɚɬɨɜɤɢ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɩɨɤɪɵɬɢɹ ɬɨɥɳɢɧɨɣ β0, 40 ɢ 60 ɦɤɦ 
ɫɥɟɬɟɥɢ, ɚ ɩɨɤɪɵɬɢɹ ɬɨɥɳɢɧɨɣ 80 ɢ 100 ɦɤɦ ɩɪɨɲɥɢ ɠɟɫɬɤɢɣ ɰɢɤɥ ɢɫɩɵɬɚɧɢɣ. 

ɂɫɩɵɬɚɧɢɹ ɧɚ ɞɟɦɩɮɢɪɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɫɥɟ ɷɪɨɡɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɨ-
ɤɚɡɚɥɢ ɭɜɟɥɢɱɟɧɢɟ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɧɚ ɨɛɪɚɡɰɚɯ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6 ɫɨ ɫɥɟɬɟɜɲɢɦ 
ɩɨɤɪɵɬɢɟɦ. ȼɟɪɨɹɬɧɨ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɭɩɪɨɱɧɟɧɢɟɦ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɚɛɪɚ-
ɡɢɜɧɨɝɨ ɩɨɬɨɤɚ. 

ɗɤɫɩɥɭɚɬɚɰɢɹ ɥɨɩɚɬɨɤ ɤɨɦɩɪɟɫɫɨɪɚ ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɚɛɨɬɭ ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦ-
ɩɟɪɚɬɭɪɟ. ɂɫɩɵɬɚɧɢɹ ɧɚ ɞɟɦɩɮɢɪɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ 
ȼɌ6 ɫ ɭɫɬɨɹɜɲɢɦ ɩɨɤɪɵɬɢɟɦ ɫɢɫɬɟɦɵ Al–Ni–Y ɩɨɫɥɟ ɷɪɨɡɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 400°ɋ ɩɨɤɚɡɚɥɢ ɫɧɢɠɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɫɜɨɛɨɞɧɨɝɨ ɤɨɧɰɚ ɨɛɪɚɡɰɚ ɛɨɥɶɲɟ 
ɱɟɦ ɜ β ɪɚɡɚ ɩɪɢ ɨɞɢɧɚɤɨɜɨɣ ɜɨɡɛɭɠɞɚɸɳɟɣ ɫɢɥɟ ɬɚɤɨɣ ɠɟ ɜɟɥɢɱɢɧɵ, ɤɚɤ ɢ ɞɥɹ ɢɫɩɵ-
ɬɚɧɢɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0°ɋ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɟɦɩɮɢɪɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɜɨɡɪɨɫɥɚ ɢ ɫɨɫɬɚɜɢɥɚ ɜ ɫɪɟɞɧɟɦ 
61,5%. 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɞɚɧɧɵɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɞɚɥɶɧɟɣɲɢɯ ɪɚɛɨɬɚɯ ɞɥɹ ɩɨɜɵ-
ɲɟɧɢɹ ɫɥɭɠɟɛɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ. 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɢɤɟɥɟɜɵɟ ɫɩɥɚɜɵ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɚɜɢɚɰɢɨɧ-
ɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɞɜɢɝɚɬɟɥɟɫɬɪɨɟɧɢɢ. ɂɡ ɧɢɯ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɞɟ-
ɬɚɥɢ, ɢɫɩɵɬɵɜɚɸɳɢɟ ɨɝɪɨɦɧɵɟ ɬɟɩɥɨɜɵɟ ɢ ɫɢɥɨɜɵɟ ɧɚɝɪɭɡɤɢ. ɉɪɢ ɷɬɨɦ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ 
ɹɜɥɹɟɬɫɹ ɤɨɧɬɪɨɥɶ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ – ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɫɨɞɟɪɠɚɧɢɹ 
ɦɢɤɪɨɩɪɢɦɟɫɟɣ. 

ɉɪɨɜɟɞɟɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ B, Si, P, Mn, Fe, Cu, As, Se, Sn, Sb, Pb ɢ Bi ɜ ɫɟɪɬɢ-
ɮɢɰɢɪɨɜɚɧɧɵɯ ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɚɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɦɟɬɨɞɨɦ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ 
ɫ ɢɧɞɭɤɬɢɜɧɨ ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ ɢ ɫ ɥɚɡɟɪɧɨɣ ɚɛɥɹɰɢɟɣ (ɂɋɉ-Ɇɋ-ɅȺ). ɉɪɢɜɟɞɟɧɚ ɦɟɬɨ-
ɞɢɤɚ ɩɨɞɝɨɬɨɜɤɢ ɩɪɨɛɵ ɤ ɚɧɚɥɢɡɭ. ɉɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ ɫ ɪɟɡɭɥɶ-
ɬɚɬɚɦɢ ɦɟɬɨɞɚ ɤɥɚɫɫɢɱɟɫɤɨɣ ɂɋɉ-Ɇɋ. ɉɪɟɞɟɥɵ ɨɛɧɚɪɭɠɟɧɢɹ ɫɨɫɬɚɜɢɥɢ: ɞɢɚɩɚɡɨɧ 
ɨɩɪɟɞɟɥɹɟɦɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ 0,00002–2,2% (ɩɨ ɦɚɫɫɟ), ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɬɚɧɞɚɪɬɧɨɟ ɨɬ-
ɤɥɨɧɟɧɢɟ ɧɟ ɩɪɟɜɵɲɚɟɬ 0,07. 

Кɥюɱɟɜыɟ ɫɥɨɜɚ: ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɹ ɫ ɢɧɞɭɤɬɢɜɧɨ ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ (ɂɋɉ-Ɇɋ), 
ɥɚɡɟɪɧɚɹ ɚɛɥɹɰɢɹ, ɧɢɤɟɥɟɜɵɟ ɫɩɥɚɜɵ, ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɢɦɟɫɟɣ. 

 
Currently nickel alloys are widely used in modern aviation industry and engine building. 

They are made of critical parts with thermal and power load. An important task is to control the 
chemical composition of nickel alloys, especially the content of trace. 

In this work determination of B, Si, P, Mn, Fe, Cu, As, Se, Sn, Sb, Pb and Bi in the certified 
standard samples of nickel alloys by a mass spectrometry method with inductively coupled 
plasma and laser ablation (ICP-MS-LA). The technique of preparation of test for the analysis is 
given. The results are compared with the results of the analysis of the classical method of ICP-
MS. The detection limits are as follows: the range of detectable concentrations 0,00002–2,2% 
(by weight), relative standard deviation is less than 0,07. 

Keywords: mass spectrometry with inductively coupled plasma (ICP-MS), laser ablation, 
nickel alloys, determination of impurities. 
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of the Russian Federation]; e-mail: admin@viam.ru 
2Ɇɨɫɤɨɜɫɤɨɟ ɩɪɟɞɫɬɚɜɢɬɟɥɶɫɬɜɨ ɂɧɬɟɪɬɟɤ Ʉɨɪɩɨɪɟɣɲɧ [Moscow representative office INTERTECH 
Corporation]; e-mail: ayl@intertech-corp.ru 
 

ȼɜɟɞɟɧɢɟ 
ȼ ɫɨɜɪɟɦɟɧɧɨɣ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɞɜɢɝɚɬɟɥɟɫɬɪɨɟɧɢɢ ɠɚɪɨɩɪɨɱ-

ɧɵɟ ɧɢɤɟɥɟɜɵɟ ɫɩɥɚɜɵ ɩɪɢɦɟɧɹɸɬ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɞɟɬɚɥɟɣ, ɢɫɩɵɬɵ-
ɜɚɸɳɢɯ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɨɝɪɨɦɧɵɟ ɬɟɩɥɨɜɵɟ ɢ ɫɢɥɨɜɵɟ ɧɚɝɪɭɡɤɢ Д1–4Ж. Ⱦɥɹ ɞɨɫɬɢɠɟ-
ɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɞɚɧɧɵɟ ɫɩɥɚɜɵ ɢɦɟɸɬ ɫɥɨɠɧɵɣ ɫɨɫɬɚɜ, ɜɤɥɸɱɚ-
ɸɳɢɣ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɦɟɬɚɥɥɵ, ɚ ɬɚɤɠɟ ɦɢɤɪɨɞɨɛɚɜɤɢ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ (ɊɁɆ), 
ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɩɪɢ ɜɵɩɥɚɜɤɟ ɭɦɟɧɶɲɚɬɶ ɫɨɞɟɪɠɚɧɢɟ ɜɪɟɞɧɵɯ ɦɢɤɪɨɩɪɢɦɟɫɟɣ, 
ɭɯɭɞɲɚɸɳɢɯ ɫɜɨɣɫɬɜɚ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ Д4–8Ж. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɤ ɧɢɤɟɥɟɜɵɦ ɫɩɥɚɜɚɦ 
ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɩɨɜɵɲɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɤ  
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ɫɨɞɟɪɠɚɧɢɸ ɦɢɤɪɨɩɪɢɦɟɫɟɣ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ ɬɚɤɢɟ ɷɥɟɦɟɧɬɵ, ɤɚɤ B, Si, P, Mn, Fe, 
Cu, As, Se, Sn, Sb, Pb ɢ Bi. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɥɭɱɲɢɯ ɦɟɬɨɞɨɜ ɦɧɨɝɨɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ 
ɹɜɥɹɟɬɫɹ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɹ ɫ ɢɧɞɭɤɬɢɜɧɨ ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ (ɂɋɉ-Ɇɋ). Ⱦɚɧɧɵɣ ɦɟ-
ɬɨɞ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ, ɧɢɡɤɢɦɢ ɩɪɟɞɟɥɚɦɢ ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɜɨɡɦɨɠ-
ɧɨɫɬɶɸ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɦɟɧɬɨɜ Д9, 10Ж. ɉɪɹɦɨɟ 
ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɦɢɤɪɨɩɪɢɦɟɫɟɣ ɜ ɫɥɨɠɧɨɥɟɝɢɪɨɜɚɧɧɵɯ ɧɢɤɟɥɟ-
ɜɵɯ ɫɩɥɚɜɚɯ ɧɟ ɜɫɟɝɞɚ ɜɨɡɦɨɠɧɨ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɫɩɟɤɬɪɚɥɶɧɵɯ ɢɧɬɟɪɮɟɪɟɧɰɢɣ – ɜ ɨɫ-
ɧɨɜɧɨɦ ɨɤɫɢɞɧɵɯ ɢɨɧɨɜ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ (Ti, Cr, Zr ɢ ɋo) Д11, 1βЖ. Ɉɛɪɚɡɨɜɚɧɢɟ 
ɞɚɧɧɵɯ ɨɤɫɢɞɧɵɯ ɢɨɧɨɜ ɦɨɠɧɨ ɱɚɫɬɢɱɧɨ ɩɨɞɚɜɢɬɶ ɫ ɩɨɦɨɳɶɸ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɚɤɰɢ-
ɨɧɧɨ-ɫɬɨɥɤɧɨɜɢɬɟɥɶɧɨɣ ɹɱɟɣɤɢ ɜ ɪɟɠɢɦɟ ɞɢɫɤɪɢɦɢɧɚɰɢɢ ɢɨɧɨɜ ɩɨ ɤɢɧɟɬɢɱɟɫɤɢɦ ɷɧɟɪ-
ɝɢɹɦ (KED) ɫ ɩɪɨɤɚɱɤɨɣ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ ɜ ɹɱɟɣɤɭ – ɝɟɥɢɹ ɢɥɢ ɫɦɟɫɢ ɝɚɡɨɜ ɜɨɞɨɪɨɞ-
ɝɟɥɢɣ Д1γ, 14Ж. Ȼɨɥɶɲɢɧɫɬɜɨ ɦɟɬɨɞɢɤ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢɫɩɨɥɶɡɭɸɬ 
ɤɥɚɫɫɢɱɟɫɤɢɣ ɫɩɨɫɨɛ ɜɜɟɞɟɧɢɹ ɩɪɨɛɵ ɜ ɩɥɚɡɦɭ ɜ ɜɢɞɟ ɪɚɫɬɜɨɪɚ. Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ ɢɦɟɟɬ 
ɪɹɞ ɧɟɞɨɫɬɚɬɤɨɜ: ɞɥɢɬɟɥɶɧɨɫɬɶ ɢ ɬɪɭɞɨɟɦɤɨɫɬɶ ɩɪɨɰɟɞɭɪɵ ɩɟɪɟɜɨɞɚ ɩɪɨɛɵ ɜ ɪɚɫɬɜɨɪ, 
ɧɟɢɡɛɟɠɧɨɟ ɪɚɡɛɚɜɥɟɧɢɟ ɩɪɨɛɵ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ, ɜɨɡɦɨɠɧɨɫɬɶ ɜɧɟɫɟɧɢɹ ɡɚɝɪɹɡɧɟɧɢɣ ɫ 
ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɞɥɹ ɪɚɫɬɜɨɪɟɧɢɹ ɪɟɚɤɬɢɜɚɦɢ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɬɟɪɶ ɨɩɪɟɞɟɥɹɟɦɵɯ ɷɥɟ-
ɦɟɧɬɨɜ ɩɪɢ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɟ. ɗɬɢɯ ɧɟɞɨɫɬɚɬɤɨɜ ɥɢɲɟɧ ɩɪɹɦɨɣ ɚɧɚɥɢɡ ɬɜɟɪɞɵɯ ɩɪɨɛ 
ɨɛɪɚɡɰɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɚɡɟɪɧɨɣ ɚɛɥɹɰɢɢ. ɗɬɨɬ ɫɩɨɫɨɛ ɩɪɨɛɨɨɬɛɨɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɫ ɩɨɦɨɳɶɸ ɩɪɢɫɬɚɜɨɤ ɥɚɡɟɪɧɨɣ ɚɛɥɹɰɢɢ (ɫɦ. ɪɢɫɭɧɨɤ) ɢ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ: ɧɚ ɩɨ-
ɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɚ ɨɤɚɡɵɜɚɟɬ ɜɨɡɞɟɣɫɬɜɢɟ ɫɮɨɤɭɫɢɪɨɜɚɧɧɨɟ ɢɡɥɭɱɟɧɢɟ ɨɩɬɢɱɟɫɤɨɝɨ 
ɤɜɚɧɬɨɜɨɝɨ ɝɟɧɟɪɚɬɨɪɚ (ɥɚɡɟɪɚ), ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɥɨɤɚɥɶɧɨɟ ɜɡɪɵɜɨɨɛɪɚɡ-
ɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɩɪɨɛɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɬɨɧɤɨɝɨ ɞɢɫɩɟɪɫɧɨɝɨ ɚɷɪɨɡɨɥɹ (ɬɜɟɪ-
ɞɵɟ ɢ ɠɢɞɤɢɟ ɱɚɫɬɢɰɵ), ɚ ɬɚɤɠɟ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ. ɉɪɨɞɭɤɬɵ ɪɚɡɪɭɲɟɧɢɹ ɫ ɩɨ-
ɬɨɤɨɦ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ (ɱɚɳɟ ɜɫɟɝɨ ɝɟɥɢɹ) ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪ, ɝɞɟ ɢ ɩɪɨ-
ɢɫɯɨɞɢɬ ɯɢɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ – ɬɚɤ ɪɟɚɥɢɡɭɟɬɫɹ ɫɩɨɫɨɛ ɂɋɉ-Ɇɋ ɫ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ 
ɜɜɨɞɨɦ ɩɪɨɛɵ ɫ ɩɨɦɨɳɶɸ ɥɚɡɟɪɧɨɣ ɚɛɥɹɰɢɢ (ɅȺ-ɂɋɉ-Ɇɋ) Д11Ж. 

 

 
ɉɪɢɫɬɚɜɤɚ ɥɚɡɟɪɧɨɝɨ ɩɪɨɛɨɨɬɛɨɪɚ 

 
ɉɪɹɦɨɣ ɚɧɚɥɢɡ ɬɜɟɪɞɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɥɚɡɟɪɧɨɣ ɚɛɥɹɰɢɢ ɭɦɟɧɶɲɚ-

ɟɬ ɜɪɟɦɹ ɢ ɭɩɪɨɳɚɟɬ ɩɪɨɰɟɞɭɪɭ ɚɧɚɥɢɡɚ, ɝɪɚɞɭɢɪɨɜɚɧɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɨɝɨ ɦɟ-
ɬɨɞɚ ɩɪɨɛɨɨɬɛɨɪɚ ɜɨɡɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɫ ɩɨɦɨɳɶɸ ɦɢɧɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɜɟɪ-
ɞɵɯ ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɚ ɫɩɥɚɜɚ Д15Ж. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɥɚɡɟɪɧɨɣ ɚɛɥɹɰɢɢ ɬɚɤɠɟ ɪɚɫɲɢɪɹɟɬ ɞɥɹ ɦɟɬɨɞɚ ɦɚɫɫ-
ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɤɪɭɝ ɪɟɲɚɟɦɵɯ ɡɚɞɚɱ: ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɨɞɢɬɶ ɚɧɚɥɢɡ  
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ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɩɪɟɞɟɥɹɟɦɵɯ ɷɥɟɦɟɧɬɨɜ ɜɞɨɥɶ ɪɚɡɥɢɱɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɨɞɧɨɪɨɞɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ, ɜɨɡɦɨɠɧɵ ɚɧɚɥɢɡ ɨɛɪɚɡɰɨɜ ɫɥɨɠɧɨɣ ɮɨɪɦɵ, ɨɩɪɟɞɟɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɜ ɫɥɨɹɯ ɢ 
ɜɤɥɸɱɟɧɢɹɯ, ɚ ɬɚɤɠɟ ɥɨɤɚɥɶɧɵɣ ɦɢɤɪɨɚɧɚɥɢɡ Д16–19]. 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɩɪɢ ɥɚɡɟɪɧɨɣ ɚɛɥɹɰɢɢ, ɫɭ-
ɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɹɬ ɨɬ ɨɫɧɨɜɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɬɜɟɪɞɵɯ ɨɛ-
ɪɚɡɰɨɜ (ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɢ ɨɬɪɚɠɟɧɢɹ ɢɡɥɭɱɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ, ɬɟɩ-
ɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɢ ɞɪ.), ɤɨɬɨɪɵɟ ɢɡɦɟɧɹɸɬɫɹ ɜ ɲɢɪɨɤɨɦ ɞɢɚ-
ɩɚɡɨɧɟ, ɱɬɨ ɡɚɱɚɫɬɭɸ ɞɟɥɚɟɬ ɧɟɜɨɡɦɨɠɧɵɦ ɩɨɥɭɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɞɚɧɧɵɯ. ɂɡ-ɡɚ 
ɫɭɳɟɫɬɜɟɧɧɵɯ ɦɚɬɪɢɱɧɵɯ ɜɥɢɹɧɢɣ ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɣ ɟɞɢɧɫɬɜɟɧɧɵɦ ɫɩɨɫɨɛɨɦ 
ɩɨɥɭɱɟɧɢɹ ɞɨɫɬɨɜɟɪɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɬɚɧ-
ɞɚɪɬɨɜ ɫ ɦɚɤɫɢɦɚɥɶɧɨ ɛɥɢɡɤɢɦ ɤ ɢɫɫɥɟɞɭɟɦɵɦ ɨɛɪɚɡɰɚɦ ɦɚɬɪɢɱɧɵɦ ɫɨɫɬɚɜɨɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɫɨɫɬɨɹɥɚ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɬɚɤɢɯ ɷɥɟɦɟɧɬɨɜ, 
ɤɚɤ B, Si, P, Mn, Fe, Cu, As, Se, Sn, Sb, Pb ɢ Bi ɜ ɧɢɤɟɥɟɜɨɦ ɫɩɥɚɜɟ ɦɟɬɨɞɨɦ ɂɋɉ-Ɇɋ ɫ 
ɥɚɡɟɪɧɵɦ ɩɪɨɛɨɨɬɛɨɪɨɦ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 9.1. 
«Ɇɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɠɚɪɨɩɪɨɱɧɵɟ ɫɭɩɟɪɫɩɥɚɜɵ, ɜɤɥɸɱɚɹ ɷɜɬɟɤɬɢɱɟɫɤɢɟ ɢ ɟɫɬɟ-
ɫɬɜɟɧɧɵɟ ɤɨɦɩɨɡɢɬɵ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨ-
ɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ») Д1Ж. 
 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 
Ⱥɩɩɚɪɚɬɭɪɚ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ B, Si, P, Mn, Fe, Cu, As, Se, Sn, Sb, Pb ɢ Bi ɦɟɬɨɞɨɦ 
ɂɋɉ-Ɇɋ ɜɵɩɨɥɧɹɥɢ ɧɚ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɟ ТCAP-Qɫ (ɮɢɪɦɚ Thermo SМТОЧЭТПТМ, Ƚɟɪɦɚ-
ɧɢɹ), ɚ ɩɪɨɛɨɨɬɛɨɪ ɨɫɭɳɟɫɬɜɥɹɥɢ ɧɚ ɥɚɡɟɪɧɨɣ ɩɪɢɫɬɚɜɤɟ NWR β66 (ɮɢɪɦɚ NEW 
WAVE, ɋɒȺ). ɉɚɪɚɦɟɬɪɵ ɪɚɛɨɬɵ ɩɪɢɛɨɪɨɜ, ɩɪɢ ɤɨɬɨɪɵɯ ɩɪɨɜɨɞɢɥɢɫɶ ɷɤɫɩɟɪɢɦɟɧɬɵ, 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɚɥɟɟ. 

ɉɚɪɚɦɟɬɪɵ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɚ 
Ɋɚɫɯɨɞ ɝɚɡɚ, ɥ/ɦɢɧ:  

ɩɥɚɡɦɨɨɛɪɚɡɭɸɳɟɝɨ 14,0 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ 0,8 
ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ 1,03 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɩɟɪɢɫɬɚɬɢɱɟɫɤɨɝɨ ɧɚɫɨɫɚ, ɨɛ/ɦɢɧ 40 
Ƚɥɭɛɢɧɚ ɩɥɚɡɦɨɨɬɛɨɪɚ, ɦɦ 5 
Ɇɨɳɧɨɫɬɶ RF ɝɟɧɟɪɚɬɨɪɚ, ȼɬ 1400 
ɑɢɫɥɨ ɤɚɧɚɥɨɜ ɧɚ ɦɚɫɫɭ, ɟɞ. 1 
ɑɢɫɥɨ ɫɤɚɧɨɜ ɜ ɪɟɩɥɢɤɟ, ɟɞ. 30 
ɑɢɫɥɨ ɪɟɩɥɢɤ ɞɥɹ ɨɛɪɚɡɰɚ, ɟɞ. 3 
ȼɪɟɦɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɫ 0,01 
ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɷɤɫɬɪɚɤɬɨɪɟ, ȼ -170 
ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɮɨɤɭɫɧɨɣ ɥɢɧɡɟ, ȼ +2,5 
Ɋɚɡɪɟɲɟɧɢɟ, ɚ. ɟ. ɦ. 0,7 
Ɍɟɦɩɟɪɚɬɭɪɚ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ ɤɚɦɟɪɵ, °C 20 

ɉɚɪɚɦɟɬɪɵ ɪɚɛɨɬɵ ɩɪɢɫɬɚɜɤɢ ɥɚɡɟɪɧɨɣ ɚɛɥɹɰɢɢ 
Ɋɟɠɢɦ ɪɚɛɨɬɵ ɥɚɡɟɪɚ ɇɟɩɪɟɪɵɜɧɵɣ 
ɒɚɛɥɨɧ ɫɤɚɧɢɪɨɜɚɧɢɹ ɨɛɪɚɡɰɚ Ʌɢɧɟɣɧɵɣ 
Ⱦɢɚɦɟɬɪ ɩɹɬɧɚ ɥɚɡɟɪɧɨɝɨ ɥɭɱɚ, ɦɤɦ 780 
Ɇɨɳɧɨɫɬɶ ɥɚɡɟɪɧɨɝɨ ɥɭɱɚ, % 100 
ɑɚɫɬɨɬɚ ɢɦɩɭɥɶɫɨɜ ɥɚɡɟɪɧɨɝɨ ɥɭɱɚ, Ƚɰ 10 
ɉɥɨɬɧɨɫɬɶ ɩɨɬɨɤɚ ɷɧɟɪɝɢɢ ɥɚɡɟɪɧɨɝɨ ɥɭɱɚ, Ⱦɠ/ɫɦ2 ɇɟ ɦɟɧɟɟ 1,8 
ɋɤɨɪɨɫɬɶ ɫɤɚɧɢɪɨɜɚɧɢɹ ɲɚɛɥɨɧɚ, ɦɤɦ/ɫ 200 
Ɋɚɡɛɢɟɧɢɟ ɲɚɛɥɨɧɚ γ ɪɟɩɥɢɤɢ ɩɨ γ0 ɫ 
Ɋɚɫɯɨɞ ɝɟɥɢɹ ɱɟɪɟɡ ɹɱɟɣɤɭ ɫ ɨɛɪɚɡɰɨɦ, ɞɦ3/ɦɢɧ 0,5 
Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɯɨɞɨɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɚɛɥɹɰɢɢ, ɟɞ. 2 
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ɂɧɫɬɪɭɦɟɧɬɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɢ ɪɚɫɯɨɞɵ ɩɨɬɨɤɨɜ ɚɪɝɨɧɚ ɭɫɬɚɧɚɜɥɢɜɚɥɢ ɜ ɩɪɟ-
ɞɟɥɚɯ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɦɚɤɫɢɦɚɥɶɧɭɸ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɢɨɧɨɜ ɢɡɨɬɨɩɨɜ, 
ɢɦɩ/ɫ/(ɦɤɝ/ɞɦ3): 35000 7Li, 190000 115In, 300000 238U; ɧɚɢɦɟɧɶɲɢɣ ɭɪɨɜɟɧɶ ɨɤɫɢɞ-
ɧɵɯ ɢɨɧɨɜ (ɨɬɧɨɲɟɧɢɟ 156CeO/140Ce≤0,0β); ɧɚɢɦɟɧɶɲɢɣ ɭɪɨɜɟɧɶ ɞɜɭɯɡɚɪɹɞɧɵɯ ɢɨɧɨɜ 
(ɨɬɧɨɲɟɧɢɟ 137Ba2+/137Ba≤0,0β) – ɜ ɧɚɫɬɪɨɟɱɧɨɦ ɪɚɫɬɜɨɪɟ, ɫɨɞɟɪɠɚɳɟɦ Li, In, Ba, Ce, U 
ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 1 ɦɤɝ/ɞɦ3. 

ȼ ɯɨɞɟ ɜɫɟɯ ɢɡɦɟɪɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɜɚɪɰɟɜɭɸ ɰɢɤɥɨɧɧɭɸ ɪɚɫɩɵɥɢɬɟɥɶɧɭɸ 
ɤɚɦɟɪɭ ɫ ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɢɦ ɨɯɥɚɠɞɟɧɢɟɦ, ɩɨɥɭɪɚɡɛɨɪɧɭɸ ɝɨɪɟɥɤɭ ɫ ɤɜɚɪɰɟɜɵɦ ɢɧ-
ɠɟɤɬɨɪɨɦ β,5 ɦɦ ɢ ɦɢɤɪɨɩɨɬɨɱɧɵɣ ɤɨɧɰɟɧɬɪɢɱɟɫɤɢɣ ɬɟɮɥɨɧɨɜɵɣ (PFA) ɪɚɫɩɵɥɢɬɟɥɶ 
(OЩКХ MТsЭ) ɫɨ ɫɤɨɪɨɫɬɶɸ ɪɚɫɩɵɥɟɧɢɹ 400 ɦɤɥ/ɦɢɧ. 

ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɨ ɪɚɫɬɜɨɪɟɧɢɸ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɫɢɫɬɟɦɟ ɦɢɤɪɨ-
ɜɨɥɧɨɜɨɝɨ ɪɚɡɥɨɠɟɧɢɹ MARS 6 (ɮɢɪɦɚ CEM, ɋɒȺ) ɜ ɬɟɮɥɨɧɨɜɵɯ ɚɜɬɨɤɥɚɜɚɯ 
MARSXpressPlus (ɮɢɪɦɚ CEM, ɋɒȺ) ɨɛɴɟɦɨɦ 100 ɫɦ3 ɫ ɚɜɚɪɢɣɧɵɦ ɫɛɪɨɫɨɦ ɞɚɜɥɟɧɢɹ. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɜɵɛɪɚɧɵ ɢɡɨɬɨɩɵ ɷɥɟɦɟɧɬɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥ. 1. 
 

Ɍɚɛɥɢɰɚ 1 
ɂɫɩɨɥɶɡɭɟɦɵɟ ɢɡɨɬɨɩɵ ɢ ɢɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɶ 

Ɉɩɪɟɞɟɥɹɟɦɵɣ ɷɥɟɦɟɧɬ ɂɡɨɬɨɩ Ɋɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɶ ɢɡɨɬɨɩɚ, % 
B 11B 80,1 
Si 28Si 92,23 
P 31P 100 
Fe 57Fe 2,20 
Cu 65Cu 30,83 
As 75As 100 
Se 82Se 9,2 
Sn 118Sn 24,22 
Sb 121Sb 57,30 
Pb 208Pb 52,35 
Bi 209Bi 100 

 
Ɋɟɚɝɟɧɬɵ ɢ ɨɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

Ⱥɡɨɬɧɭɸ (HNO3) ɢ ɫɨɥɹɧɭɸ (HCl) ɤɢɫɥɨɬɵ ɩɨɥɭɱɚɥɢ ɫ ɩɨɦɨɳɶɸ ɫɭɛɛɨɣɥɟɪɧɨɣ 
ɞɢɫɬɢɥɥɹɰɢɢ HNO3 ɢ HCl (ɦɚɪɤɚ ɨɫɨɛɨ ɱɢɫɬɵɟ) ɜ ɚɩɩɚɪɚɬɟ BSB-939-IR (ɮɢɪɦɚ BОrРСШП, 
Ƚɟɪɦɚɧɢɹ), ɢɫɩɨɥɶɡɨɜɚɥɢ ɬɚɤɠɟ 40% (ɩɨ ɦɚɫɫɟ) ɮɬɨɪɢɫɬɨɜɨɞɨɪɨɞɧɭɸ ɤɢɫɥɨɬɭ (ɮɢɪɦɚ 
MОrМФ, Ƚɟɪɦɚɧɢɹ). Ⱦɟɢɨɧɢɡɨɜɚɧɧɭɸ ɜɨɞɭ (ɧɟ ɦɟɧɟɟ 18,β ɦ·Ɉɦ) ɢɫɩɨɥɶɡɨɜɚɥɢ ɜɨ ɜɫɟɯ 
ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɤɚɤ ɪɚɫɬɜɨɪɢɬɟɥɶ. ȼ ɤɚɱɟɫɬɜɟ ɜɧɭɬɪɟɧɧɟɝɨ ɫɬɚɧɞɚɪɬɚ ɜɨ ɜɫɟɯ ɢɡɦɟɪɟɧɢɹɯ 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɢɧɞɢɣ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ β ɦɤɝ/ɥ, ɞɥɹ ɞɨɛɚɜɨɤ ɤɨɬɨɪɨɝɨ ɩɪɢɦɟɧɹɥɢ ɫɬɚɧ-
ɞɚɪɬɧɵɣ ɪɚɫɬɜɨɪ In ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 1 ɝ/ɥ ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ HТРС-Purity Standards 
(ɋɒȺ). Ⱦɥɹ ɤɚɥɢɛɪɨɜɤɢ ɫɩɟɤɬɪɨɦɟɬɪɚ (ɦɟɬɨɞɨɦ ɞɨɛɚɜɨɤ) ɩɨ ɷɥɟɦɟɧɬɚɦ B, Si, P, Mn, Fe, 
Cu, As, Se, Sn, Sb, Pb ɢ Bi ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɬɚɧɞɚɪɬɧɵɟ ɪɚɫɬɜɨɪɵ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ ɫ ɤɨɧ-
ɰɟɧɬɪɚɰɢɟɣ 1 ɝ/ɥ ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ HТРС-PЮrТЭв SЭКЧНКrНs (ɋɒȺ). Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ 
ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɫɢɝɧɚɥɨɜ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɧɹɥɢ 
ɦɟɬɨɞ ɫɬɚɧɞɚɪɬɧɵɯ ɞɨɛɚɜɨɤ. 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɥɟɞɭɸɳɢɟ ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɵɟ ɫɬɚɧɞɚɪɬɧɵɟ ɨɛɪɚɡɰɵ 
(ɋɈ) ɫɨɫɬɚɜɚ ɫɩɥɚɜɨɜ: BS 625A (Inconel 625 – Brammer standard company, ɋɒȺ), 
SS346A (ɮɢɪɦɚ BAS, ɋɒȺ) ɢ ɱɢɫɬɨɝɨ ɧɢɤɟɥɹ BS200-3 (Brammer standard company, 
ɋɒȺ), IARM-190A (ɮɢɪɦɚ ARMI, ɋɒȺ). ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɬɚɤɠɟ ɞɜɚ ɨɛɪɚɡɰɚ ɢɡ 
ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ ɬɢɩɚ ɀɋγβ. ȼɫɟ ɩɪɢɜɟɞɟɧɧɵɟ ɪɚɧɟɟ ɫɩɥɚɜɵ ɛɵɥɢ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫ-
ɧɨɜɟ. Ɋɚɛɨɱɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɲɥɢɮɨɜɚɥɢ ɧɚ ɫɬɚɧɤɟ ɞɨ ɲɟɪɨɯɨɜɚɬɨɫɬɢ Rz – ɨɬ 10 
ɞɨ β0 ɦɤɦ (ɩɨ ȽɈɋɌ β789). 

ɋɛɨɪ ɢ ɨɛɪɚɛɨɬɤɭ ɞɚɧɧɵɯ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟ-
ɧɢɹ ɫɩɟɤɬɪɨɦɟɬɪɚ Qtegra. 
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Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 
Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɢɦɟɫɟɣ ɜ ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɚɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ 

ɢ ɱɢɫɬɨɝɨ ɧɢɤɟɥɹ ɦɟɬɨɞɨɦ ɂɋɉ-Ɇɋ-ɅȺ 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɵɩɨɥɧɟɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɢɦɟɫɟɣ ɜ ɞɜɭɯ ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɵɯ 

ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɚɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ – SS346A ɢ BS625A ɢ ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɵɯ 
ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɚɯ ɱɢɫɬɨɝɨ ɧɢɤɟɥɹ – BS200-γ ɢ IARM-190A ɦɟɬɨɞɨɦ ɂɋɉ-Ɇɋ ɫ ɥɚ-
ɡɟɪɧɵɦ ɩɪɨɛɨɨɬɛɨɪɨɦ (ɬɚɛɥ. β). 
 

Ɍɚɛɥɢɰɚ 2 
Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɟɣ ɜ ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɚɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ 

ɢ ɱɢɫɬɨɝɨ ɧɢɤɟɥɹ ɦɟɬɨɞɨɦ ɂɋɉ-Ɇɋ-ɅȺ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɨɛɪɚɡɰɚ 
ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ) 

B Si P Mn Fe Cu 
BS625A 0,0012 

˃0,0002* 
0,029 
˃0,003 

0,0050 
˃0,0007 

0,048 
˃0,009 

2,17 
˃0,05 

0,049 
˃0,004 

Ⱥɬɬɟɫɬɨɜɚɧɧɨɟ 
ɡɧɚɱɟɧɢɟ 

0,0015 
˃0,0001 

0,080 
˃0,002 

0,0065 
˃0,0005 

0,068 
˃0,002 

3,06 
˃0,03 

0,073 
˃0,002 

BS200-3 0,0038 
˃0,0007 

0,0115 
˃0,0009 

<0,004 
0,22 
˃0,01 

0,160 
˃0,008 

0,130 
˃0,008 

Ⱥɬɬɟɫɬɨɜɚɧɧɨɟ 
ɡɧɚɱɟɧɢɟ 

0,0037 
˃0,0003 

0,0110 
˃0,0005 

0,0015 
˃0,0002 

0,157 
˃0,002 

0,138 
˃0,002 

0,108 
˃0,002 

IARM-190A 0,0002 
˃0,0001 

<0,005 <0,004 
0,0003 
˃0,0001 

0,012 
˃0,001 

0,0024 
˃0,0002 

Ⱥɬɬɟɫɬɨɜɚɧɧɨɟ 
ɡɧɚɱɟɧɢɟ <0,0005 

0,0028 
˃0,0004 

0,0034 
˃0,0005 

0,00018 
˃0,00006 

0,0099 
˃0,0003 

0,0017 
˃0,0002 

ɉɪɨɞɨɥɠɟɧɢɟ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɨɛɪɚɡɰɚ 
ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ) 

As Se Sn Sb Pb Bi 
BS625A 0,0006 

˃0,0001 
– 

0,0005 
˃0,0001 

0,0002 
˃0,0001 

– – 

Ⱥɬɬɟɫɬɨɜɚɧɧɨɟ 
ɡɧɚɱɟɧɢɟ 

0,0012 
˃0,0001 

– 
0,0008 
˃0,0001 

0,00018 
˃0,0000β 

– – 

SS346A 0,0037 
˃0,0005 

0,0003 
˃0,0001 

0,0082 
˃0,0009 

0,0035 
˃0,0004 

0,0011 
˃0,0001 

0,0007 
˃0,0001 

Ⱥɬɬɟɫɬɨɜɚɧɧɨɟ 
ɡɧɚɱɟɧɢɟ 

0,0050 
˃0,0002 

0,0006 
˃0,0001 

0,0093 
˃0,0008 

0,0045 
˃0,0004 

0,0022 
˃0,0001 

0,00103 
˃0,00006 

BS200-3 0,0012 
˃0,0003 

– 
0,0003 
˃0,0001 

– 
0,0003 
˃0,0001 

– 

Ⱥɬɬɟɫɬɨɜɚɧɧɨɟ 
ɡɧɚɱɟɧɢɟ 

0,0015 
˃0,0002 

– 
0,0003 
˃0,0001 

– 
0,0008 
˃0,0001 

– 

IARM-190A 0,0023 
˃0,0004 

0,00028 
˃0,00005 

0,0005 
˃0,0001 

0,0009 
˃0,0001 

0,0004 
˃0,001 

0,0003 
˃0,0001 

Ⱥɬɬɟɫɬɨɜɚɧɧɨɟ 
ɡɧɚɱɟɧɢɟ 

0,0028 
˃0,0002 

0,0007 
˃0,0001 

0,0006 
˃0,0001 

0,0011 
˃0,0001 

0,00093 
˃0,00007 

0,00111 
˃0,00005 

* Ⱦɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɪɚɫɫɱɢɬɚɧ ɫ ɩɨɦɨɳɶɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɋɬɶɸɞɟɧɬɚ ɞɥɹ n=5, P=0,95. 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ ɬɚɛɥ. β ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɦ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɢɦɟɫɟɣ ɜ 

ɨɛɪɚɡɰɚɯ ɢɡ ɱɢɫɬɨɝɨ ɧɢɤɟɥɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɢɤɟɥɟɜɵɦɢ ɫɩɥɚɜɚɦɢ, ɩɪɢ ɷɬɨɦ ɞɨɫɬɢɝɚɟɬ-
ɫɹ ɥɭɱɲɟɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɧɚɣɞɟɧɧɨɝɨ ɢ ɚɬɬɟɫɬɨɜɚɧɧɨɝɨ ɡɧɚɱɟɧɢɣ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɬɨɬ 
ɮɚɤɬ, ɱɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɨɫɬɨɜɟɪɧɵɯ ɫɜɟɞɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɬɚɧɞɚɪɬɵ ɫ 
ɦɚɤɫɢɦɚɥɶɧɨ ɛɥɢɡɤɢɦ ɤ ɢɫɫɥɟɞɭɟɦɵɦ ɨɛɪɚɡɰɚɦ ɦɚɬɪɢɱɧɵɦ ɫɨɫɬɚɜɨɦ. 
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Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɢɦɟɫɟɣ ɜ ɞɜɭɯ ɨɛɪɚɡɰɚɯ ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ 
ɦɟɬɨɞɚɦɢ ɂɋɉ-Ɇɋ ɢ ɂɋɉ-Ɇɋ-ɅȺ 

Ɂɚɬɟɦ ɜɵɩɨɥɧɹɥɢ ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɢɦɟɫɟɣ ɜ ɞɜɭɯ ɨɛɪɚɡɰɚɯ ɢɡ ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ 
ɬɢɩɚ ɀɋγβ ɦɟɬɨɞɚɦɢ ɤɥɚɫɫɢɱɟɫɤɨɣ ɂɋɉ-Ɇɋ ɢ ɂɋɉ-Ɇɋ ɫ ɥɚɡɟɪɧɵɦ ɩɪɨɛɨɨɬɛɨɪɨɦ 
(ɬɚɛɥ. γ). 
 

Ɍɚɛɥɢɰɚ 3 
Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɟɣ ɜ ɞɜɭɯ ɨɛɪɚɡɰɚɯ ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ 

ɦɟɬɨɞɚɦɢ ɂɋɉ-Ɇɋ ɢ ɂɋɉ-Ɇɋ-ɅȺ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɛɪɚɡɰɚ ɢ ɦɟɬɨɞɚ 

ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ) 
P Mn Fe Cu Sn Pb 

Ɉɛɪɚɡɟɰ 1:       
ɂɋɉ-Ɇɋ-ɅȺ 0,011 

˃0,00β 
0,0011 
˃0,000β 

0,96 
˃0,05 

0,0024 
˃0,000β 

0,0013 
˃0,0002 

0,0002 
˃0,0001 

ɂɋɉ-Ɇɋ 0,0060 
˃0,000γ 

0,0014 
˃0,0001 

0,100 
˃0,005 

0,0018 
˃0,0001 

0,0013 
˃0,0001 

0,0002 
˃0,0001 

Ɉɛɪɚɡɟɰ 2:       
ɂɋɉ-Ɇɋ-ɅȺ 0,0053 

˃0,00β1 
0,0008 
˃0,0001 

0,15 
˃0,01 

0,0012 
˃0,0001 

0,0005 
˃0,0001 

0,0002 
˃0,0001 

ɂɋɉ-Ɇɋ 0,0040 
˃0,0006 

0,0007 
˃0,0001 

0,13 
˃0,01 

0,0013 
˃0,0001 

0,0004 
˃0,0001 

0,0002 
˃0,0001 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ ɬɚɛɥ. γ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɨɛɪɚɡɰɨɜ ɢɡ ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ 

ɫ ɩɨɦɨɳɶɸ ɞɜɭɯ ɦɟɬɨɞɨɜ ɞɥɹ ɛɨɥɶɲɟɣ ɱɚɫɬɢ ɷɥɟɦɟɧɬɨɜ ɩɨɥɧɨɫɬɶɸ ɫɨɜɩɚɞɚɸɬ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɦɟɬɨɞ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɫ ɥɚɡɟɪɧɨɣ ɚɛɥɹɰɢɟɣ ɩɨɥɧɨɫɬɶɸ ɩɪɢɝɨɞɟɧ ɞɥɹ ɚɧɚ-
ɥɢɡɚ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɇɚ ɨɫɧɨɜɟ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ:  
– ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɬɨɱɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɟɣ ɷɥɟɦɟɧɬɨɜ B, Si, P, Mn, Fe, 

Cu, As, Se, Sn, Sb, Pb ɢ Bi ɜ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɚɯ ɦɟɬɨɞɨɦ ɂɋɉ-Ɇɋ ɫ ɥɚɡɟɪɧɨɣ ɚɛɥɹɰɢɟɣ; 
– ɩɪɚɜɢɥɶɧɨɫɬɶ ɦɟɬɨɞɚ ɩɨɞɬɜɟɪɠɞɟɧɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɚɧɚɥɢɡɚ ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɵɯ 

ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɢ ɱɢɫɬɨɝɨ ɧɢɤɟɥɹ; 
– ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɨɛɪɚɡɰɨɜ ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ ɦɟɬɨɞɚɦɢ ɂɋɉ-Ɇɋ ɢ ɂɋɉ-Ɇɋ-ɅȺ 

ɞɥɹ ɛɨɥɶɲɟɣ ɱɚɫɬɢ ɷɥɟɦɟɧɬɨɜ ɩɨɥɧɨɫɬɶɸ ɫɨɜɩɚɞɚɸɬ. 
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