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Ɋɚɡɪɚɛɨɬɚɧɧɨɟ ɜ ȼɂȺɆ ɤɨɦɩɨɡɢɰɢɨɧɧɨɟ ɩɨɤɪɵɬɢɟ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɤɨɪɪɨɡɢɢ ɭɝɥɟɪɨɞɢɫɬɵɯ ɫɬɚɥɟɣ 
ɹɜɥɹɟɬɫɹ ɥɨɝɢɱɟɫɤɢɦ ɩɪɨɞɨɥɠɟɧɢɟɦ ɡɚɪɭɛɟɠɧɵɯ ɢ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɪɚɡɪɚɛɨɬɨɤ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɨɤɪɵɬɢɣ 
ɧɚ ɨɫɧɨɜɟ ɮɨɫɮɚɬɨɜ ɢ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɨɪɨɲɤɚ. Эɬɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɟ ɩɨɤɪɵɬɢɟ ɨɛɥɚɞɚɟɬ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶ-
ɧɨɣ ɚɞɝɟɡɢɟɣ ɤ ɭɝɥɟɪɨɞɢɫɬɵɦ ɫɬɚɥɹɦ ɩɨɫɥɟ ɢɯ ɩɟɫɤɨɫɬɪɭɣɧɨɣ ɨɛɪɚɛɨɬɤɢ. ɉɪɨɜɟɞɟɧɧɵɟ ɤɨɪɪɨɡɢɨɧɧɵɟ ɢɫ-
ɩɵɬɚɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɩɪɢɦɨɪɫɤɨɣ ɡɨɧɵ ɭɦɟɪɟɧɧɨɝɨ ɬɟɩɥɨɝɨ ɤɥɢɦɚɬɚ ɜ ɰɟɧɬɪɟ ɤɨɪɪɨɡɢɨɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɜ  
ɝ. Ƚɟɥɟɧɞɠɢɤɟ ɢ ɜ ɤɚɦɟɪɟ ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɤɪɵɬɢɟ ɨɬɥɢɱɚɟɬɫɹ ɩɨɜɵɲɟɧɧɨɣ ɡɚɳɢɬɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɶɸ (ɛɨɥɟɟ 5000 ɱ ɜ ɄɋɌ), ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɨ 460°ɋ. Эɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɲɥɢɮɨɜɚ-
ɧɢɟɦ ɜɟɪɯɧɟɝɨ ɫɥɨɹ ɩɨɤɪɵɬɢɹ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɚɥɸɦɢɧɢɟɜɵɣ ɩɨɪɨɲɨɤ ɧɚɱɢɧɚɟɬ ɜɵɩɨɥɧɹɬɶ ɪɨɥɶ ɩɪɨɬɟɤ-
ɬɨɪɚ. Эɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɬɜɟɪɞɢɥɢ ɚɧɨɞɧɵɣ ɯɚɪɚɤɬɟɪ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ. Ɇɟ-
ɯɚɧɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɩɨɤɚɡɚɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɧɟɫɟɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɜɵɫɨɤɨɩɪɨɱɧɵɟ 
ɭɝɥɟɪɨɞɢɫɬɵɟ ɫɬɚɥɢ. ɉɨɤɪɵɬɢɟ ɜɨɞɨɫɬɨɣɤɨ ɢ ɫɩɨɫɨɛɧɨ ɪɚɛɨɬɚɬɶ ɜ ɫɪɟɞɟ ɪɚɡɥɢɱɧɵɯ ɦɚɫɟɥ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 17.2. «ɒɥɢɤɟɪɧɵɟ, ɝɚɡɨɞɢ-
ɧɚɦɢɱɟɫɤɢɟ ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɩɨɤɪɵɬɢɹ ɞɥɹ ɞɟɬɚɥɟɣ ɢɡ ɭɝɥɟɪɨɞɢɫɬɵɯ ɫɬɚɥɟɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɜɵɫɨɤɨɩɪɨɱ-
ɧɵɯ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 
2030 ɝɨɞɚ») [1]. 

Кɥɸɱɟɜыɟ ɫɥɨɜɚ: ɤɨɦɩɨɡɢɰɢɨɧɧɨɟ ɩɨɤɪɵɬɢɟ, ɩɨɤɪɵɬɢɟ ɧɚ ɨɫɧɨɜɟ ɮɨɫɮɚɬɨɜ ɢ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɨɪɨɲɤɚ, 
ɡɚɳɢɬɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɲɥɢɮɨɜɚɧɢɟ, ɦɟɯɚɧɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ, ɜɨɞɨɫɬɨɣɤɨɫɬɶ, ɫɬɨɣɤɨɫɬɶ ɤ ɦɚɫɥɚɦ. 

 

The composite coating for anticorrosive protection of carbon steel developed in VIAM is a continuation of in-
ternational and Russian works devoted to composite coatings based on phosphates and aluminum powder. The 
composite coating possesses good adhesion with carbon steel after sandblasting. Anticorrosive tests in sea coast 
environment at the Center of Anticorrosive Tests (Gelendzhik city) and in salt spray chamber showed that the coat-
ing has high protection property (more than 5000 hours in salt spray chamber) including exploitation at 460°C. 
This result had been obtained after grinding of a top layer of the coating; after that the aluminum powder acted as 
protector. The electrochemical tests verified an anodic type of the composite coating. Mechanical tests showed a 
possibility of wearing of the composite coating onto high-strength steels. The coating is water resistant and is able 
to be used in different oils. 

Work is executed within implementation of the complex scientific direction 17.2. «The slip, gazodinamichesky 
and combined coverings for details from carbon steels, including high-strength» («The strategic directions of de-
velopment of materials and technologies of their processing for the period till 2030») [1]. 

Keywords: composite coating, coating based on phosphates and aluminum powder, protective property, grind-
ing, mechanical tests, water resistance, oil resistance. 

 
1Ɏɟɞɟɪаɥɶɧɨɟ ɝɨɫɭɞаɪɫɬɜɟɧɧɨɟ ɭɧиɬаɪɧɨɟ ɩɪɟɞɩɪиɹɬиɟ «ȼɫɟɪɨɫɫиɣɫɤиɣ ɧаɭɱɧɨ-иɫɫɥɟɞɨɜаɬɟɥɶɫɤиɣ иɧɫɬиɬɭɬ 
аɜиаɰиɨɧɧɵɯ ɦаɬɟɪиаɥɨɜ» Ƚɨɫɭɞаɪɫɬɜɟɧɧɵɣ ɧаɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫиɣɫɤɨɣ Ɏɟɞɟɪаɰии 
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Ⱥɧаɥиɡ ɫɬɪаɬɟɝиɣ ɪаɡɜиɬиɹ ɪɨɫɫиɣɫɤиɯ иɧɬɟ-
ɝɪиɪɨɜаɧɧɵɯ ɫɬɪɭɤɬɭɪ ɩɨɤаɡɵɜаɟɬ, ɱɬɨ ɞаɥɶɧɟɣ-
ɲɟɟ ɪаɡɜиɬиɟ аɜиаɫɬɪɨɟɧиɹ ɜ Ɋɨɫɫии ɧɟɜɨɡɦɨɠɧɨ 
ɛɟɡ ɫɨɡɞаɧиɹ ɧɨɜɵɯ ɦаɬɟɪиаɥɨɜ ɫ ɤаɪɞиɧаɥɶɧɨ 
ɭɥɭɱɲɟɧɧɵɦи ɫɥɭɠɟɛɧɵɦи ɯаɪаɤɬɟɪиɫɬиɤаɦи и 
ɬɟɯɧɨɥɨɝиɣ иɯ ɩɟɪɟɪаɛɨɬɤи Д1–3Ж. 

Ⱦɥɹ ɞɟɬаɥɟɣ, ɜ ɬɨɦ ɱиɫɥɟ ɜаɥɨɜ, ɨɬɟɱɟɫɬɜɟɧɧɵɯ 
ɝаɡɨɬɭɪɛиɧɧɵɯ ɞɜиɝаɬɟɥɟɣ (ȽɌȾ) ɬɪаɞиɰиɨɧɧɨ 
ɩɪиɦɟɧɹɸɬɫɹ ɠаɪɨɩɪɨɱɧɵɟ ɤɨɪɪɨɡиɨɧɧɨɫɬɨɣɤиɟ 
ɫɬаɥи ɦаɪɬɟɧɫиɬɧɨɝɨ ɤɥаɫɫа, ɬаɤиɟ ɤаɤ ɗɂ961, 

ɗɉ517, ɗɉ866 ɫ ɩɪɨɱɧɨɫɬɶɸ ɞɨ 1200 Ɇɉа. Ⱥɤɬɭ-
аɥɶɧаɹ ɡаɞаɱа ɫɧиɠɟɧиɹ ɦаɫɫɵ ɞɟɬаɥɟɣ ɞɜиɝаɬɟɥɹ 
ɩɭɬɟɦ ɩɨɜɵɲɟɧиɹ ɩɪɨɱɧɨɫɬи эɬɨɝɨ ɤɥаɫɫа ɫɬаɥɟɣ 
ɧɟɜɵɩɨɥɧиɦа, ɬаɤ ɤаɤ ɞаɠɟ ɧɟɛɨɥɶɲɨɟ ɩɨɜɵɲɟ-
ɧиɟ ɩɪɨɱɧɨɫɬи ɧа 10–15% ɛɥаɝɨɞаɪɹ ɞɨɩɨɥɧи-
ɬɟɥɶɧɨɦɭ ɥɟɝиɪɨɜаɧиɸ ɩɪиɜɨɞиɬ ɤ ɫɧиɠɟɧиɸ 
ɜɹɡɤɨɫɬи ɪаɡɪɭɲɟɧиɹ и ɬɪɟɳиɧɨɫɬɨɣɤɨɫɬи ɦаɬɟ-
ɪиаɥа. ȼ ɬɟɱɟɧиɟ ɩɨɫɥɟɞɧиɯ ɥɟɬ ɜ ȼɂȺɆ ɩɪɨɜɟɞɟ-
ɧɵ иɫɫɥɟɞɨɜаɧиɹ ɜɨɡɦɨɠɧɨɫɬи ɩɪиɦɟɧɟɧиɹ ɞɥɹ 
ɜаɥа ȽɌȾ ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɦаɪɬɟɧɫиɬɨɫɬаɪɟɸɳɟɣ 
ɫɬаɥи ȼɄɋ-170-ɂȾ ɫ ɩɪɨɱɧɨɫɬɶɸ ˃1570 Ɇɉа. 
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ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɤɨɦɩɥɟɤɫɧɵɯ иɫɫɥɟɞɨɜа-
ɧиɣ эɬɨɣ ɫɬаɥи ɩɨɡɜɨɥиɥи ɪɟɤɨɦɟɧɞɨɜаɬɶ ɟɟ ɞɥɹ 
иɡɝɨɬɨɜɥɟɧиɹ ɜаɥɨɜ Д4, 5Ж. ɋɪаɜɧиɬɟɥɶɧɵɟ иɫɩɵɬа-
ɧиɹ ɜ ɤаɦɟɪɟ ɫɨɥɟɜɨɝɨ ɬɭɦаɧа ɨɛɪаɡɰɨɜ иɡ ɤɨɪɪɨ-
ɡиɨɧɧɨɫɬɨɣɤиɯ ɫɬаɥɟɣ ɗɉ517, ɗɂ961 и ɜɵɫɨɤɨ-
ɩɪɨɱɧɨɣ ɫɬаɥи ȼɄɋ-170-ɂȾ ɛɟɡ ɩɨɤɪɵɬиɣ ɩɨɤаɡа-
ɥи, ɱɬɨ ɫɬаɥɶ ȼɄɋ-170-ɂȾ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪиɦɟ-
ɧɟɧа ɛɟɡ ɡаɳиɬɵ ɨɬ аɬɦɨɫɮɟɪɧɨɣ ɤɨɪɪɨɡии, ɜ ɬɨɦ 
ɱиɫɥɟ ɩɪи ɪаɛɨɱиɯ ɬɟɦɩɟɪаɬɭɪаɯ ɞɨ 460°ɋ. 

ɇаиɛɨɥɟɟ ɲиɪɨɤɨ ɩɪиɦɟɧɹɟɦɵɦи ɜ аɜиаɰиɨɧ-
ɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬи аɧɨɞɧɵɦи ɩɨɤɪɵɬиɹɦи ɹɜ-
ɥɹɸɬɫɹ ɝаɥɶɜаɧиɱɟɫɤиɟ ɰиɧɤɨɜɵɟ и ɤаɞɦиɟɜɵɟ 
ɩɨɤɪɵɬиɹ, а ɬаɤɠɟ ɩɥаɡɦɟɧɧɵɟ аɥɸɦиɧиɞɧɵɟ 
ɩɨɤɪɵɬиɹ Д6Ж. 

Ƚаɥɶɜаɧиɱɟɫɤиɟ ɩɨɤɪɵɬиɹ иɦɟɸɬ ɨɝɪаɧиɱɟɧиɹ 
ɩɨ ɬɟɦɩɟɪаɬɭɪɟ эɤɫɩɥɭаɬаɰии (ɞɨ 250°ɋ), ɬɟɯɧɨ-
ɥɨɝиɹ иɯ ɧаɧɟɫɟɧиɹ ɨɛɥаɞаɟɬ ɛɨɥɶɲɨɣ эɤɨɥɨɝиɱɟ-
ɫɤɨɣ ɨɩаɫɧɨɫɬɶɸ, ɱɬɨ ɬɪɟɛɭɟɬ ɫɨɡɞаɧиɹ ɰɟɥɨɝɨ 
ɤɨɦɩɥɟɤɫа ɨɱиɫɬɧɵɯ ɫɨɨɪɭɠɟɧиɣ Д7Ж. ɇаɧɟɫɟɧиɟ 
аɥɸɦиɧиɞɧɵɯ ɩɨɤɪɵɬиɣ ɫɨɩɪɨɜɨɠɞаɟɬɫɹ ɜɵɫɨɤɨ-
ɬɟɦɩɟɪаɬɭɪɧɵɦ ɜɨɡɞɟɣɫɬɜиɟɦ ɧа ɦɟɬаɥɥиɱɟɫɤɭɸ 
ɨɫɧɨɜɭ, ɱɬɨ ɧɟɞɨɩɭɫɬиɦɨ ɞɥɹ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬа-
ɥɟɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɬɟɯɧɨɥɨɝиɹ ɧаɧɟɫɟɧиɹ ɤаɤ ɝаɥɶ-
ɜаɧиɱɟɫɤиɯ, ɬаɤ и ɩɥаɡɦɟɧɧɵɯ ɩɨɤɪɵɬиɣ ɫɜɹɡаɧа ɫ 
ɩɪиɦɟɧɟɧиɟɦ ɫɩɟɰиаɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜаɧиɹ и ɬɪɟ-
ɛɭɟɬ ɩɨɜɵɲɟɧɧɨɣ ɤɜаɥиɮиɤаɰии ɨɛɫɥɭɠиɜаɸɳɟ-
ɝɨ ɩɟɪɫɨɧаɥа. ɉɨэɬɨɦɭ ɪаɡɪаɛɨɬɤа аɧɨɞɧɨɝɨ ɦɟ-
ɬаɥɥɫɨɞɟɪɠаɳɟɝɨ ɩɨɤɪɵɬиɹ, ɥиɲɟɧɧɨɝɨ ɧɟɞɨɫɬаɬ-
ɤɨɜ ɜɵɲɟɩɟɪɟɱиɫɥɟɧɧɵɯ ɩɨɤɪɵɬиɣ и ɬɟɯɧɨɥɨɝиɣ 
иɯ ɧаɧɟɫɟɧиɹ, ɹɜɥɹɟɬɫɹ ɜɟɫɶɦа аɤɬɭаɥɶɧɨɣ. 

 
Кɪɚɬɤɢɣ ɚɧɚɥɢɡ ɢɫɬɨɪɢɢ ɫɨɡɞɚɧɢɹ ɮɨɫɮɚɬɧыɯ 

ɤɨɦɩɨɡɢɰɢɨɧɧыɯ ɩɨɤɪыɬɢɣ 

ȼ ɧаɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɧаɱиɬɟɥɶɧɨ ɜɨɡɪɨɫ иɧɬɟ-
ɪɟɫ ɪаɡɪаɛɨɬɱиɤɨɜ ɤ ɪаɡɥиɱɧɨɝɨ ɪɨɞа и ɧаɡɧаɱɟ-
ɧиɹ ɦɟɬаɥɥɨɧаɩɨɥɧɟɧɧɵɦ ɩɨɤɪɵɬиɹɦ Д8, 9Ж, иɦɟ-
ɸɳиɦ ɡɧаɱиɬɟɥɶɧɵɟ ɩɟɪɫɩɟɤɬиɜɵ ɞɥɹ ɩɪиɦɟɧɟ-
ɧиɹ ɜ аɜиаɤɨɫɦиɱɟɫɤɨɣ ɬɟɯɧиɤɟ. ɇаиɛɨɥɟɟ ɩɟɪ-
ɫɩɟɤɬиɜɧɵɦи ɹɜɥɹɸɬɫɹ ɧɟɨɪɝаɧиɱɟɫɤиɟ ɤɨɦɩɨɡи-
ɰиɨɧɧɵɟ ɩɨɤɪɵɬиɹ. Ȼɨɥɶɲиɧɫɬɜɨ ɪаɛɨɬ ɩɨ ɫɨɡɞа-
ɧиɸ ɧɟɨɪɝаɧиɱɟɫɤиɯ ɤɨɦɩɨɡиɰиɨɧɧɵɯ ɩɨɤɪɵɬиɣ 
ɩɨɫɜɹɳɟɧɵ ɡаɳиɬɟ ɨɬ ɤɨɪɪɨɡии ɭɝɥɟɪɨɞиɫɬɵɯ 
ɤɨɧɫɬɪɭɤɰиɨɧɧɵɯ ɫɬаɥɟɣ, ɜ ɬɨɦ ɱиɫɥɟ ɜɵɫɨɤɨ-
ɩɪɨɱɧɵɯ. ɉɪиɜɥɟɤаɬɟɥɶɧɨɫɬɶ и ɩɪɨɝɪɟɫɫиɜɧɨɫɬɶ 
ɬɟɯɧɨɥɨɝиɣ ɤɨɦɩɨɡиɰиɨɧɧɵɯ ɩɨɤɪɵɬиɣ ɨɛɭɫɥɨɜ-
ɥɟɧɵ ɩɪɨɫɬɨɬɨɣ ɧаɧɟɫɟɧиɹ ɬаɤиɯ ɩɨɤɪɵɬиɣ, ɭɧи-
ɤаɥɶɧɵɦи ɫɜɨɣɫɬɜаɦи ɮɨɪɦиɪɭɟɦɵɯ ɫɥɨɟɜ ɧа 
ɩɨɜɟɪɯɧɨɫɬи ɦɟɬаɥɥа, ɫɨɱɟɬаɸɳиɯ ɜɵɫɨɤиɟ ɤɨɪ-
ɪɨɡиɨɧɧɨ-ɡаɳиɬɧɵɟ ɫɜɨɣɫɬɜа, ɜɵɫɨɤɭɸ аɞɝɟɡиɸ и 
эɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ, а ɬаɤɠɟ ɧиɡɤɨɣ ɫɟɛɟɫɬɨиɦɨ-
ɫɬɶɸ ɤɨɦɩɨɧɟɧɬɨɜ, ɩɪиɦɟɧɹɟɦɵɯ ɩɪи иɡɝɨɬɨɜɥɟ-
ɧии ɫɜɹɡɭɸɳиɯ. 

Ʉɨɦɩɨɡиɰиɨɧɧɵɟ ɩɨɤɪɵɬиɹ ɧаɧɨɫɹɬ иɡ ɪаɫɬɜɨ-
ɪɨɜ, ɫɨɫɬɨɹɳиɯ иɡ ɧɟɨɪɝаɧиɱɟɫɤɨɝɨ ɫɜɹɡɭɸɳɟɝɨ, 
ɩɪɟɞɫɬаɜɥɹɸɳɟɝɨ ɫɨɛɨɣ ɨɛɵɱɧɨ ɫɦɟɫɶ ɧɟɨɪɝаɧи-
ɱɟɫɤиɯ ɩɨɥиɦɟɪɨɜ ɧа ɨɫɧɨɜɟ ɮɨɫɮаɬɨɜ, и ɬɜɟɪɞɨ-
ɮаɡɧɨɝɨ ɧаɩɨɥɧиɬɟɥɹ.  

ɇɟɨɪɝаɧиɱɟɫɤɨɟ ɫɜɹɡɭɸɳɟɟ ɞɨɥɠɧɨ ɨɛɥаɞаɬɶ, 
ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɤɥɟɹɳиɦи ɫɜɨɣɫɬɜаɦи, а ɫ ɞɪɭ-
ɝɨɣ ɫɬɨɪɨɧɵ – ɜɨɞɨɫɬɨɣɤɨɫɬɶɸ. ɗɬиɦи ɫɜɨɣɫɬɜа-

ɦи ɨɛɥаɞаɸɬ ɮɨɫɮаɬɵ ɬɪɟɯɜаɥɟɧɬɧɵɯ ɦɟɬаɥɥɨɜ, ɜ 
ɱаɫɬɧɨɫɬи аɥɸɦɨɮɨɫɮаɬɵ и ɯɪɨɦɮɨɫɮаɬɵ, ɤɨɬɨ-
ɪɵɟ ɩɪи ɨɩɪɟɞɟɥɟɧɧɨɣ ɤɨɧɰɟɧɬɪаɰии ɨɛɪаɡɭɸɬ 
ɨɫɨɛɵɟ ɫɬɪɭɤɬɭɪиɪɨɜаɧɧɵɟ ɪаɫɬɜɨɪɵ ɧɟɨɪɝаɧиɱɟ-
ɫɤиɯ ɩɨɥиɦɟɪɧɵɯ ɮɨɫɮаɬɨɜ: 

– ɥɢɧɟɣɧɵɯ ɩɨɥиɮɨɫɮаɬɨɜ Men+2PnO3n+1  
 

 
 
 
 
 
 
– ɤɨɥɶɰɟɜɵɯ ɦɟɬаɮɨɫɮаɬɨɜ MenPnO3n  
 
 
 
 
 
 
 

ɝɞɟ n – ɫɬɟɩɟɧɶ ɩɨɥиɦɟɪиɡаɰии Д10Ж. 
 
ɉɪи иɡɦɟɧɟɧии ɪɇ, ɬɟɦɩɟɪаɬɭɪɵ ɪаɫɬɜɨɪа иɥи 

ɞɨɛаɜɥɟɧии ɜ ɧɟɝɨ ɧаɩɨɥɧиɬɟɥɟɣ-ɨɬɜɟɪɞиɬɟɥɟɣ 
ɩɪɨиɫɯɨɞиɬ ɨɬɜɟɪɠɞɟɧиɟ ɫɜɹɡɭɸɳɟɝɨ. 

Ɋɨɥɶ ɧаɩɨɥɧиɬɟɥɹ ɡаɤɥɸɱаɟɬɫɹ ɜ ɨɬɜɟɪɠɞɟɧии 
аɦɨɪɮɧɨɣ ɮаɡɵ ɫɜɹɡɭɸɳɟɝɨ, ɩɪиɞаɧии ɜɨɞɨɫɬɨɣ-
ɤɨɫɬи ɩɨɤɪɵɬиɸ и ɨɛɟɫɩɟɱɟɧии эɥɟɤɬɪɨɯиɦиɱɟ-
ɫɤɨɣ ɡаɳиɬɵ ɨɬ ɤɨɪɪɨɡии ɨɫɧɨɜɧɨɦɭ ɦɟɬаɥɥɭ.  

Ȼаɡɨɜɨɟ ɩɨɤɪɵɬиɟ ɬаɤɨɝɨ ɬиɩа ɡаɩаɬɟɧɬɨɜаɧɨ ɜ 
ɋɒȺ ɜ 1963 ɝ. Д11Ж. ɉɨɤɪɵɬиɟ и ɫɜɹɡɭɸɳаɹ ɤɨɦ-
ɩɨɡиɰиɹ ɨɬɜɟɪɠɞаɟɬɫɹ ɩɪи ɧаɝɪɟɜаɧии ɩɪи ɬɟɦɩɟ-
ɪаɬɭɪɟ 500–1000°F (ɩɪɟɞɩɨɱɬиɬɟɥɶɧɨ ɩɪи 343°ɋ) 
и ɜɤɥɸɱаɟɬ ɬɜɟɪɞɵɟ ɧɟɨɪɝаɧиɱɟɫɤиɟ ɱаɫɬиɰɵ 
(ɦɟɬаɥɥ, ɬɭɝɨɩɥаɜɤиɣ ɤаɪɛиɞ, ɧиɬɪиɞ, ɫиɥиɰиɞ, 
ɫɭɥɶɮиɞ), иɨɧɵ ɞɜɭɯɜаɥɟɧɬɧɨɝɨ ɦɟɬаɥɥа 
(ɩɪɟɞɩɨɱɬиɬɟɥɶɧɨ Mg2+), ɮɨɫɮɨɪɧɭɸ, ɯɪɨɦɨɜɭɸ, 
ɦɨɥиɛɞɟɧɨɜɭɸ ɤиɫɥɨɬɵ и иɯ ɫɨɥи. Ɏɨɫɮаɬɵ и 
ɯɪɨɦаɬɵ, а ɬаɤɠɟ ɞɪɭɝиɟ ɦɨɞиɮиɰиɪɭɸɳиɟ иɨɧɵ 
ɩɪи ɧаɝɪɟɜаɧии ɜ ɪɟɡɭɥɶɬаɬɟ ɯиɦиɱɟɫɤиɯ ɪɟаɤɰиɣ 
ɨɛɪаɡɭɸɬ аɦɨɪɮɧɭɸ ɨɤɫиɞɧɭɸ ɦаɬɪиɰɭ, ɯиɦиɱɟ-
ɫɤи ɫɜɹɡаɧɧɭɸ ɫ ɦаɬɟɪиаɥɨɦ ɨɫɧɨɜɵ. ɉɪɨɱɧɨɫɬɶ 
ɫɜɹɡи ɩɨɤɪɵɬиɹ, ɧаɩɪиɦɟɪ, ɫɨ ɫɬаɥɶɸ ɩɪɟɜɵɲаɥа 
55 Ɇɉа. ɉɨɤɪɵɬиɹ ɧаɱаɥи ɲиɪɨɤɨ иɫɩɨɥɶɡɨɜаɬɶ-
ɫɹ ɧа ɫɬаɥɶɧɵɯ ɞɟɬаɥɹɯ ɞɜиɝаɬɟɥɹ J-79 ɮиɪɦɵ 
General Electric ɜɡаɦɟɧ Si–Al ɤɪаɫɤи и аɥɸɦиɧи-
ɪɨɜаɧɧɵɯ эɩɨɤɫиɞɧɵɯ ɩɨɤɪɵɬиɣ. Ɋаɧɧиɣ ɭɫɩɟɯ 
ɩɪиɜɟɥ ɤ иɫɩɨɥɶɡɨɜаɧиɸ ɧɟɨɪɝаɧиɱɟɫɤиɯ ɦɟɬаɥ-
ɥɨɧаɩɨɥɧɟɧɧɵɯ ɩɨɤɪɵɬиɣ и ɧа ɞɪɭɝиɯ ɞɜиɝаɬɟɥɹɯ 
ɮиɪɦ General Electric и Pratt & Whitneв ɤаɤ ɞɥɹ 
ɜɨɟɧɧɵɯ, ɬаɤ и ɞɥɹ ɝɪаɠɞаɧɫɤиɯ ɫаɦɨɥɟɬɨɜ. 

ȼ ɨɫɧɨɜɧɨɦ ɩɨɤɪɵɬиɹ ɞаɧɧɨɝɨ ɬиɩа ɪаɡɪаɛа-
ɬɵɜаɥиɫɶ и ɩаɬɟɧɬɨɜаɥиɫɶ ɮиɪɦɨɣ Sermatech In-
ternational Inc. Ɍаɤ, ɜ 1986 ɝ. ɛɵɥ ɩɨɥɭɱɟɧ ɩаɬɟɧɬ 
Д12Ж, ɝɞɟ ɪаɫɫɦаɬɪиɜаɥɫɹ ɞɜɭɯɫɬаɞиɣɧɵɣ ɩɪɨɰɟɫɫ 
ɧаɧɟɫɟɧиɹ ɤɨɪɪɨɡиɨɧɧɨ-, аɛɪаɡиɜɨ- и ɬɟɪɦɨɫɬɨɣ-
ɤɨɝɨ ɩɨɤɪɵɬиɹ ɧа ɫɬаɥɶɧɵɟ (ɫɬаɥи ɦаɪɨɤ 4340, 
410) ɞɟɬаɥи ɪаɡɥиɱɧɨɝɨ ɧаɡɧаɱɟɧиɹ, ɜ ɬɨɦ ɱиɫɥɟ 
аэɪɨɤɨɫɦиɱɟɫɤɨɝɨ – ɫɨɩɥɨ и ɨɛɬɟɤаɬɟɥɶ ɪаɤɟɬɵ, 
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ɞɟɬаɥи ɞɜиɝаɬɟɥɹ, ɩаɧɟɥи, ɤɨɦɩɪɟɫɫɨɪɧɵɟ ɥɨɩаɬ-
ɤи, ɜиɧɬɵ, ɛɨɥɬɵ и ɞɪɭɝиɟ ɤɪɟɩɟɠɧɵɟ эɥɟɦɟɧɬɵ, 
ɧаɤɨɧɟɱɧиɤи иɧɫɬɪɭɦɟɧɬɨɜ и ɞɪ. ɉɟɪɜɵɣ ɫɥɨɣ 
ɩɨɤɪɵɬиɹ ɧаɧɨɫиɥɫɹ иɡ ɤɨɦɩɨɡиɰии, аɧаɥɨɝиɱɧɨɣ 
ɫɨɫɬаɜɭ ɩɨ ɩаɬɟɧɬɭ Д11Ж (ɯɪɨɦаɬ- иɥи ɦɨɥиɛɞаɬ-
ɮɨɫɮаɬɧɨɟ ɫɜɹɡɭɸɳɟɟ ɫ аɥɸɦиɧиɟɜɵɦ ɩɨɪɨɲ-
ɤɨɦ), ɨɤɭɧаɧиɟɦ иɥи ɞɪɭɝиɦ ɫɩɨɫɨɛɨɦ, а ɜɬɨɪɨɣ 
ɨɞɧɨɪɨɞɧɵɣ ɩɨɪиɫɬɵɣ ɫɥɨɣ – ɦɟɬɨɞɨɦ ɝаɡɨɩɥа-
ɦɟɧɧɨɝɨ ɧаɩɵɥɟɧиɹ иɡ эɥɟɤɬɪиɱɟɫɤи ɧɟɣɬɪаɥɶɧɨ-
ɝɨ ɨɤɫиɞа ɦɟɬаɥɥа.  

ȼɫɟɝɨ ɡа ɩɟɪиɨɞ ɫ ɫɟɪɟɞиɧɵ 70-ɯ ɞɨ ɧаɱаɥа 
2000-ɯ ɝɨɞɨɜ ɮиɪɦɨɣ Sermatech International Inc. 
ɪаɡɪаɛɨɬаɧɨ и ɡаɩаɬɟɧɬɨɜаɧɨ ɛɨɥɟɟ 30 иɡɨɛɪɟɬɟ-
ɧиɣ ɩɨ иɫɫɥɟɞɭɟɦɨɣ ɩɪɨɛɥɟɦɟ. ɉɨɤɪɵɬиɹɦ ɩɪи-
ɫɜɨиɥи ɬɨɪɝɨɜɭɸ ɦаɪɤɭ SermeTel, а ɛаɡɨɜɨɦɭ ɩɨ-
ɤɪɵɬиɸ ɩɨ ɩаɬɟɧɬɭ Д11Ж – SermeTel W. ɉɨɤɪɵɬиɹ 
ɦаɪɨɤ SermeTel CR962 и SermeTel CR984-LT ɫ 
ɬɟɦɩɟɪаɬɭɪɨɣ ɨɬɜɟɪɠɞɟɧиɹ 265–275 и 190°ɋ ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ ɪɟɤɨɦɟɧɞɭɸɬɫɹ ɞɥɹ ɡаɳиɬɵ ɨɬ ɤɨɪɪɨ-
ɡии ɞɟɬаɥɟɣ иɡ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬаɥɟɣ. ɉɨɤɪɵɬиɹ 
ɧɟ ɜɵɡɵɜаɸɬ ɧаɜɨɞɨɪɨɠиɜаɧиɹ ɫɬаɥɟɣ, ɨɛɥаɞаɸɬ 
ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɪɨɜɨɞиɦɨɫɬɶɸ, ɦɨɝɭɬ ɩɪиɦɟɧɹɬɶ-
ɫɹ ɩɪи ɞɥиɬɟɥɶɧɵɯ ɧаɝɪɟɜаɯ ɩɪи ɬɟɦɩɟɪаɬɭɪɟ  
ɞɨ 538°ɋ. 

ȼ 1989 ɝ. ɛɵɥ ɨɩɭɛɥиɤɨɜаɧ ɩаɬɟɧɬ Д13Ж, ɝɞɟ ɜ 
ɫɨɫɬаɜ ɩɨɤɪɵɬиɹ ɜɯɨɞиɥɨ ɫɜɹɡɭɸɳɟɟ, ɫɨɫɬɨɹɳɟɟ 
иɡ ɮɨɫɮаɬ-, ɯɪɨɦаɬ- и/иɥи ɦɨɥиɛɞɟɧɨɜɨɤиɫɥɵɯ 
иɨɧɨɜ. ȼ ɤаɱɟɫɬɜɟ ɧаɩɨɥɧиɬɟɥɹ ɩɪиɦɟɧɹɥɫɹ ɯɪɨ-
ɦаɬɧɵɣ ɩиɝɦɟɧɬ, ɫɨɫɬɨɹɳиɣ иɡ ɯɪɨɦаɬɨɜ ɫɬɪɨɧ-
ɰиɹ и ɰиɧɤа. ɉɨɥɭɱɟɧɧɵɣ ɫɨɫɬаɜ ɧаɧɨɫиɬɫɹ ɦɟɬɨ-
ɞɨɦ ɩɧɟɜɦаɬиɱɟɫɤɨɝɨ ɧаɩɵɥɟɧиɹ ɧа ɫɬаɥɶɧɭɸ 
ɨɩɟɫɤɨɫɬɪɭɟɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ и ɨɬɜɟɪɠɞаɥɫɹ ɩɪи 
ɬɟɦɩɟɪаɬɭɪɟ 315°ɋ ɜ ɬɟɱɟɧиɟ 40 ɦиɧ. ɉɪиɦɟɧɟɧиɟ 
ɧаɩɨɥɧиɬɟɥɹ ɜ ɜиɞɟ ɯɪɨɦаɬа ɫɬɪɨɧɰиɹ ɫɩɨɫɨɛ-
ɫɬɜɭɟɬ эɮɮɟɤɬиɜɧɨɦɭ иɧɝиɛиɪɨɜаɧиɸ ɩɪɨɰɟɫɫɨɜ 
ɤɨɪɪɨɡии ɩɨɤɪɵɬиɹ.  

ȼɥиɹɧиɟ ɜɜɨɞиɦɵɯ ɜ ɫɜɹɡɭɸɳɟɟ ɦɟɬаɥɥиɱɟ-
ɫɤиɯ ɧаɩɨɥɧиɬɟɥɟɣ ɪаɫɫɦаɬɪиɜаɟɬɫɹ ɜ ɩаɬɟɧɬɟ 
Д14Ж, ɹɜɥɹɸɳɟɦɫɹ ɱаɫɬиɱɧɵɦ ɩɪɨɞɨɥɠɟɧиɟɦ ɩа-
ɬɟɧɬа Д13Ж. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ иɫɩɨɥɶɡɨɜаɧиɟ аɥɸɦи-
ɧиɟɜɨɝɨ ɩɨɪɨɲɤа ɞɥɹ ɨɛɟɫɩɟɱɟɧиɹ аɧɨɞɧɨɝɨ ɯа-
ɪаɤɬɟɪа ɡаɳиɬɵ ɫɬаɥɶɧɵɯ ɞɟɬаɥɟɣ. ɂɡɭɱɟɧɨ ɬаɤɠɟ 
ɜɥиɹɧиɟ ɮɨɪɦɵ и ɪаɡɦɟɪɨɜ ɦɟɬаɥɥиɱɟɫɤиɯ ɱаɫɬиɰ 
ɧаɩɨɥɧиɬɟɥɹ ɧа ɩɨɪиɫɬɨɫɬɶ и ɤɨɪɪɨɡиɨɧɧɭɸ ɫɬɨɣ-
ɤɨɫɬɶ ɩɨɤɪɵɬиɹ Д15Ж. Ɋɟɤɨɦɟɧɞɨɜаɧɨ ɩɪиɦɟɧɟɧиɟ 
ɩɨɪɨɲɤа аɥɸɦиɧиɹ ɜ ɮɨɪɦɟ ɩɥаɫɬиɧɨɤ. ɉɪиɦɟɧɟ-
ɧиɟ ɩɥаɫɬиɧɨɤ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɥɭɱɲɟɧиɸ ɪаɫɩɪɟ-
ɞɟɥɟɧиɹ ɦɟɬаɥɥиɱɟɫɤɨɝɨ ɧаɩɨɥɧиɬɟɥɹ ɩɨ ɩɨɜɟɪɯ-
ɧɨɫɬи ɫɬаɥɶɧɨɣ ɨɫɧɨɜɵ. ȼ ɫɜɹɡи ɫ эɬиɦ ɭɦɟɧɶɲа-
ɟɬɫɹ ɩɨɪиɫɬɨɫɬɶ и ɭɜɟɥиɱиɜаɟɬɫɹ ɤɨɪɪɨɡиɨɧɧаɹ 
ɫɬɨɣɤɨɫɬɶ ɩɨɤɪɵɬиɹ.  

ȼ ɩаɬɟɧɬɟ Д16Ж ɡаɹɜɥɟɧ ɫɨɫɬаɜ, ɫɩɨɫɨɛɧɵɣ ɨɬ-
ɜɟɪɠɞаɬɶɫɹ ɩɪи 343°ɋ ɜ ɬɟɱɟɧиɟ 30 ɦиɧ. Ɂаɳиɬ-
ɧɨɟ ɩɨɤɪɵɬиɟ ɧаɧɨɫиɥи ɧа ɫɬаɥɶɧɭɸ ɞɟɬаɥɶ и иɫ-
ɩɵɬɵɜаɥи ɜ ɤаɦɟɪɟ ɫɨɥɟɜɨɝɨ ɬɭɦаɧа. ɉɨɤɪɵɬиɟ 
ɩɨɤаɡаɥɨ ɯɨɪɨɲɭɸ ɡаɳиɬɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɫɥɟ 
ɛɨɥɟɟ ɱɟɦ 200 ɱ ɭɫɤɨɪɟɧɧɵɯ иɫɩɵɬаɧиɣ. 

ȼɫɟ ɪаɧɟɟ ɪаɡɪаɛɨɬаɧɧɵɟ ɫɨɫɬаɜɵ ɞɥɹ ɩɨɥɭɱɟ-
ɧиɹ ɤɨɦɩɨɡиɰиɨɧɧɵɯ ɡаɳиɬɧɵɯ ɩɨɤɪɵɬиɣ ɫɨɞɟɪ-
ɠаɥи ɧɟɛɟɡɨɩаɫɧɵɟ ɫ ɬɨɱɤи ɡɪɟɧиɹ эɤɨɥɨɝии ɤɨɦ-

ɩɨɧɟɧɬɵ ɧа ɨɫɧɨɜɟ ɦɨɥиɛɞаɬɨɜ и ɯɪɨɦаɬɨɜ. ɋ ɰɟ-
ɥɶɸ ɪɟɲɟɧиɹ ɞаɧɧɨɣ ɩɪɨɛɥɟɦɵ ɜ ɩаɬɟɧɬɟ Д17Ж 
ɩɪɟɞɥɨɠɟɧ ɫɨɫɬаɜ, ɩɪɟɞɫɬаɜɥɹɸɳиɣ ɫɨɛɨɣ ɜɨɞɧɵɣ 
ɪаɫɬɜɨɪ иɨɧɨɜ ɮɨɫɮаɬа и ɧиɬɪаɬа и ɩɨ ɤɪаɣɧɟɣ 
ɦɟɪɟ ɨɞɧɨɣ ɪаɡɧɨɜиɞɧɨɫɬи ɦɟɬаɥɥиɱɟɫɤɨɝɨ иɨɧа, 
иɦɟɸɳɟɝɨ ɜаɥɟɧɬɧɨɫɬɶ ɛɨɥɶɲɟ ɱɟɦ +1. Ɉɞɧаɤɨ 
ɬаɤиɟ ɫиɫɬɟɦɵ ɤɪаɣɧɟ ɧɟɫɬаɛиɥɶɧɵ иɡ-ɡа ɜɨɡɦɨɠ-
ɧɨɣ ɪɟаɤɰии ɦɟɠɞɭ ɫɜɹɡɭɸɳиɦ и ɦɟɬаɥɥиɱɟɫɤиɦ 
ɧаɩɨɥɧиɬɟɥɟɦ, ɡаɬɪɭɞɧɹɸɳɟɣ ɞаɥɶɧɟɣɲɟɟ ɧаɧɟɫɟ-
ɧиɟ ɫɨɫɬаɜа ɧа ɞɟɬаɥɶ. 

ɋɥɟɞɭɸɳиɦ ɲаɝɨɦ ɤ ɡаɦɟɧɟ ɬɨɤɫиɱɧɵɯ ɯɪɨ-
ɦаɬɧɵɯ и ɦɨɥиɛɞаɬɧɵɯ иɨɧɨɜ ɹɜɥɹɟɬɫɹ ɫɨɫɬаɜ, 
ɜɤɥɸɱаɸɳиɣ иɨɧɵ ɮɨɫɮаɬа и ɩɟɪɦаɧɝаɧаɬа Д18Ж. 
ɉɪɟɞɥɨɠɟɧɧɵɣ ɫɨɫɬаɜ ɫɬаɛиɥɟɧ ɜ ɬɟɱɟɧиɟ 8 ɱ, ɩɨ-
ɫɥɟ ɱɟɝɨ ɧаɛɥɸɞаɥɨɫɶ иɡɦɟɧɟɧиɟ ɜɹɡɤɨɫɬи, ɩɥɨɬɧɨ-
ɫɬи и ɩɨɫɥɟɞɭɸɳɟɟ ɝаɡɨɜɵɞɟɥɟɧиɟ – ɩɪиɡɧаɤ ɛɵɫɬ-
ɪɨɝɨ ɪаɫɬɜɨɪɟɧиɹ аɥɸɦиɧиɟɜɨɝɨ ɧаɩɨɥɧиɬɟɥɹ. 

ȼ Ɋɨɫɫии ɪаɡɪаɛɨɬɤɨɣ ɤɨɦɩɨɡиɰиɨɧɧɵɯ ɩɨ-
ɤɪɵɬиɣ ɧа ɨɫɧɨɜɟ ɧɟɨɪɝаɧиɱɟɫɤиɯ ɫɜɹɡɭɸɳиɯ и 
ɦɟɬаɥɥиɱɟɫɤиɯ ɧаɩɨɥɧиɬɟɥɟɣ ɡаɧиɦаɥиɫɶ ɜ ȼɨɟɧ-
ɧɨ-ɜɨɡɞɭɲɧɨɣ аɤаɞɟɦии иɦ. ɇ.ȿ. ɀɭɤɨɜɫɤɨɝɨ ɩɨɞ 
ɪɭɤɨɜɨɞɫɬɜɨɦ ɩɪɨɮɟɫɫɨɪа ȿ.Ƚ. ɂɜаɧɨɜа. 

ȼ 1968 ɝ. ɩɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɧаɧɟɫɟɧиɹ ɩɨɤɪɵ-
ɬиɹ Д19Ж, ɜ ɤɨɬɨɪɨɦ ɜ ɤаɱɟɫɬɜɟ ɧаɩɨɥɧиɬɟɥɹ иɫ-
ɩɨɥɶɡɨɜаɥɫɹ аɥɸɦиɧиɟɜɵɣ ɩɨɪɨɲɨɤ. Ɉɬɜɟɪɠɞɟ-
ɧиɟ ɩɨɤɪɵɬиɹ ɩɪɨɜɨɞɹɬ ɩɪи ɬɟɦɩɟɪаɬɭɪɟ 500°ɋ ɜ 
ɬɟɱɟɧиɟ 1 ɱ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɞɨɩɨɥɧиɬɟɥɶɧɨɣ ɨɛɪа-
ɛɨɬɤɨɣ ɪаɫɬɜɨɪɨɦ ɞиɝиɞɪɨɮɨɫɮаɬа ɧаɬɪиɹ, ɩɨɫɥɟ 
ɱɟɝɨ ɩɨɤɪɵɬиɟ ɨɬɠиɝаɸɬ ɩɪи 250°ɋ и ɜɵɲɟ ɜ ɬɟ-
ɱɟɧиɟ 1 ɱ. Ⱦɨɩɨɥɧиɬɟɥɶɧаɹ ɨɛɪаɛɨɬɤа ɩɨɜɵɲаɟɬ 
ɦиɤɪɨɬɜɟɪɞɨɫɬɶ ɩɨɤɪɵɬиɹ ɞɨ 3200 Ɇɉа,  
ɜ ɧɟɫɤɨɥɶɤɨ ɪаɡ ɩɨɜɵɲаɟɬ ɠаɪɨ- и ɤɨɪɪɨɡиɨɧɧɭɸ 
ɫɬɨɣɤɨɫɬɶ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɩɨɜɵɲɟɧиɟɦ  
ɦиɤɪɨɬɜɟɪɞɨɫɬи ɩɨɤɪɵɬиɹ. 

ȼ 1988 ɝ. ɫɨɝɥаɫɧɨ ɩаɬɟɧɬɭ Д20Ж ɩɪɟɞɥɨɠɟɧɨ 
ɧаɧɨɫиɬɶ ɡаɳиɬɧɨɟ ɩɨɤɪɵɬиɟ ɧа ɠаɪɨɩɪɨɱɧɵɟ 
ɧиɤɟɥɟɜɵɟ ɫɩɥаɜɵ иɡ ɫɭɫɩɟɧɡии, ɫɨɫɬɨɹɳɟɣ иɡ 
ɦаɝɧиɣɯɪɨɦɮɨɫɮаɬɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ, аэɪɨɫиɥа и 
аɥɸɦиɧиɟɜɨɝɨ ɩɨɪɨɲɤа. ɇаɧɟɫɟɧɧɭɸ ɫɭɫɩɟɧɡиɸ 
ɫɭɲаɬ ɩɪи ɬɟɦɩɟɪаɬɭɪɟ 80°ɋ, а ɡаɬɟɦ ɩɨɞɜɟɪɝаɸɬ 
ɨɬɠиɝɭ ɜ ɩɟɱи ɩɪи 650°ɋ. ɉɨɤɪɵɬиɟ, ɧаɧɟɫɟɧɧɨɟ 
ɩɨ ɞаɧɧɨɦɭ ɫɩɨɫɨɛɭ, ɩɨɜɵɲаɟɬ ɩɪɟɞɟɥ ɦаɥɨɰиɤ-
ɥɨɜɨɣ ɭɫɬаɥɨɫɬи. 

ȼ 1995 ɝ. ɜ ɩаɬɟɧɬɟ ɧа иɡɨɛɪɟɬɟɧиɟ Д21Ж ɩɪɟɞ-
ɥɨɠɟɧ ɫɨɫɬаɜ ɞɥɹ ɡаɳиɬɵ ɨɬ ɤɨɪɪɨɡии ɫɬаɥɶɧɵɯ 
ɞɟɬаɥɟɣ ɧа ɨɫɧɨɜɟ аɥɸɦɨɯɪɨɦɮɨɫɮаɬɧɨɝɨ ɫɜɹɡɭɸ-
ɳɟɝɨ и аɥɸɦиɧиɟɜɨɝɨ ɧаɩɨɥɧиɬɟɥɹ. ɋɩɨɫɨɛ ɩɨɡ-
ɜɨɥɹɟɬ ɭɩɪɨɫɬиɬɶ ɬɟɯɧɨɥɨɝиɸ ɩɪиɝɨɬɨɜɥɟɧиɹ ɫɜɹ-
ɡɭɸɳɟɝɨ, ɩɨɜɵɫиɬɶ эɤɨɥɨɝиɱɧɨɫɬɶ и ɫɧиɡиɬɶ ɬɟɦ-
ɩɟɪаɬɭɪɭ ɨɬɠиɝа ɩɨɤɪɵɬиɹ ɞɨ 250°ɋ. 

ȼ ȼɂȺɆ ɬаɤɠɟ ɜɟɞɟɬɫɹ ɪаɡɪаɛɨɬɤа ɤɨɦɩɨɡи-
ɰиɣ ɧа ɨɫɧɨɜɟ ɦɟɬаɥɥиɱɟɫɤɨɝɨ ɧаɩɨɥɧиɬɟɥɹ и ɧɟ-
ɨɪɝаɧиɱɟɫɤиɯ ɫɜɹɡɭɸɳиɯ.  

ȼ 2009 ɝ. ɨɩɭɛɥиɤɨɜаɧ ɩаɬɟɧɬ Д22Ж, ɩɨ ɤɨɬɨɪɨɦɭ ɫ 
ɰɟɥɶɸ ɡаɳиɬɵ ɞɟɬаɥɟɣ ɨɬ ɫɨɥɟɜɨɣ и ɮɪɟɬɬиɧɝ-
ɤɨɪɪɨɡии ɧа ɦɟɬаɥɥиɱɟɫɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɧаɧɨɫɹɬ 
ɫɭɫɩɟɧɡиɸ, ɫɨɞɟɪɠаɳɭɸ аɥɸɦɨɯɪɨɦɮɨɫɮаɬɧɨɟ 
ɫɜɹɡɭɸɳɟɟ, ɯɪɨɦɨɜɵɣ аɧɝиɞɪиɞ и ɞиɫиɥиɰиɞ ɦɨ-
ɥиɛɞɟɧа. ɇаɧɟɫɟɧɧɭɸ ɫɭɫɩɟɧɡиɸ ɫɬɭɩɟɧɱаɬɨ ɬɟɪɦɨ-
ɨɬɜɟɪɠɞаɸɬ ɩɪи ɬɟɦɩɟɪаɬɭɪɟ ɨɬ 150 ɞɨ 500°ɋ.  
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ȼ 2013 ɝ. ɡаɩаɬɟɧɬɨɜаɧ ɫɨɫɬаɜ Д23Ж ɧа ɨɫɧɨɜɟ 
аɥɸɦɨɯɪɨɦɮɨɫɮаɬɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ и аɥɸɦиɧиɟ-
ɜɨɝɨ ɧаɩɨɥɧиɬɟɥɹ ɞɥɹ ɡаɳиɬɵ ɨɬ ɤɨɪɪɨɡии ɫɬаɥɶ-
ɧɵɯ ɞɟɬаɥɟɣ. ȼ ɫɨɫɬаɜɟ иɫɩɨɥɶɡɭɸɬ ɩɨɪɨɲɨɤ аɥɸ-
ɦиɧиɹ ɫ ɮɪаɤɰиɟɣ ɞɨ 10 ɦɤɦ. ɂɡɨɛɪɟɬɟɧиɟ ɦɨɠɟɬ 
ɛɵɬɶ иɫɩɨɥɶɡɨɜаɧɨ ɩɪи иɡɝɨɬɨɜɥɟɧии ɜаɥɨɜ  
ɝаɡɨɬɭɪɛиɧɧɵɯ ɞɜиɝаɬɟɥɟɣ, ɲаɫɫи ɜɟɪɬɨɥɟɬɨɜ  
и ɞɪɭɝиɯ ɞɟɬаɥɟɣ ɞɥɹ ɡаɳиɬɵ ɨɬ ɤɨɪɪɨɡии ɩɪи 
эɤɫɩɥɭаɬаɰии ɜ ɪаɡɥиɱɧɵɯ ɤɥиɦаɬиɱɟɫɤиɯ ɭɫɥɨ-
ɜиɹɯ, ɜ ɬɨɦ ɱиɫɥɟ ɩɪи ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪаɬɭɪаɯ 
ɞɨ 450°C. 

ȼ ɤɨɧɰɟ 2013 ɝ. ɡаɩаɬɟɧɬɨɜаɧ Д24Ж ɫɩɨɫɨɛ ɩɨɥɭ-
ɱɟɧиɹ ɩɨɤɪɵɬиɹ ɧа ɭɝɥɟɪɨɞиɫɬɵɯ ɫɬаɥɹɯ. ɋɩɨɫɨɛ 
ɜɤɥɸɱаɟɬ ɞɜɭɯɫɥɨɣɧɨɟ ɧаɧɟɫɟɧиɟ ɧа ɫɬаɥɶɧɵɟ 
ɞɟɬаɥи ɫɭɫɩɟɧɡиɨɧɧɨɝɨ ɩɨɤɪɵɬиɹ, ɟɝɨ ɬɟɩɥɨɜɭɸ и 
ɦɟɯаɧиɱɟɫɤɭɸ ɨɛɪаɛɨɬɤɭ. ɋɭɫɩɟɧɡиɹ ɫɨɫɬɨиɬ иɡ 
аɥɸɦɨɯɪɨɦɮɨɫɮаɬɧɨɝɨ ɪаɫɬɜɨɪа и аɥɸɦиɧиɟɜɨɝɨ 
ɩɨɪɨɲɤа. ɂɡɨɛɪɟɬɟɧиɟ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫиɬɶ ɡа-
ɳиɬɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɥɭɱаɟɦɨɝɨ ɩɨɤɪɵɬиɹ ɩɪи 
ɭɩɪɨɳɟɧии ɬɟɯɧɨɥɨɝии ɟɝɨ ɧаɧɟɫɟɧиɹ и ɭɥɭɱɲɟ-
ɧии ɫаɧиɬаɪɧɨ-ɝиɝиɟɧиɱɟɫɤиɯ ɭɫɥɨɜиɣ ɬɪɭɞа ɩɪи 
ɩɪиɝɨɬɨɜɥɟɧии иɫɩɨɥɶɡɭɟɦɨɝɨ аɥɸɦɨɯɪɨɦɮɨɫ-
ɮаɬɧɨɝɨ ɪаɫɬɜɨɪа.  

ɐɟɥɶɸ ɞаɧɧɨɣ ɪаɛɨɬɵ ɹɜɥɹɥɨɫɶ иɫɫɥɟɞɨɜаɧиɟ 
ɫɜɨɣɫɬɜ ɮɨɫɮаɬɧɨɝɨ ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵɬиɹ 
Д23, 24Ж ɞɥɹ ɡаɳиɬɵ ɨɬ ɤɨɪɪɨɡии ɞɟɬаɥɟɣ иɡ ɭɝɥɟ-
ɪɨɞиɫɬɵɯ, ɜ ɬɨɦ ɱиɫɥɟ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬаɥɟɣ, 
эɤɫɩɥɭаɬиɪɭɸɳиɯɫɹ ɩɪи ɬɟɦɩɟɪаɬɭɪɟ ɞɨ 460°ɋ.  

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ⱦɥɹ ɪаɡɪаɛɨɬɤи ɬɟɯɧɨɥɨɝии ɧаɧɟɫɟɧиɹ ɩɨɤɪɵ-
ɬиɹ и иɫɫɥɟɞɨɜаɧиɣ ɟɝɨ ɫɜɨɣɫɬɜ иɫɩɨɥɶɡɨɜаɥи 
ɩɥɨɫɤиɟ ɨɛɪаɡɰɵ ɪаɡɦɟɪɨɦ 100×50×2 ɦɦ иɡ ɫɬаɥи 
ȼɄɋ-170-ɂȾ – ɞɥɹ ɤɨɪɪɨɡиɨɧɧɵɯ иɫɩɵɬаɧиɣ, ɨɛ-
ɪаɡɰɵ ɪаɡɦɟɪɨɦ 20×40×2 ɦɦ иɡ ɫɬаɥи 30ɏȽɋȺ – ɞɥɹ 
ɨɩɪɟɞɟɥɟɧиɹ ɜɨɞɨɫɬɨɣɤɨɫɬи ɩɨɤɪɵɬиɹ и иɡ ɫɬаɥи 
30ɏȽɋɇ2ɆȺ – ɞɥɹ эɥɟɤɬɪɨɯиɦиɱɟɫɤиɯ иɡɦɟɪɟ-
ɧиɣ, а ɬаɤɠɟ ɫɬаɧɞаɪɬɧɵɟ ɨɛɪаɡɰɵ ɲиɮɪа  
ɇ03-021 ɩɨ ȽɈɋɌ 9657–84 иɡ ɫɬаɥи ȼɄɋ-170-ɂȾ –  
ɞɥɹ ɦɟɯаɧиɱɟɫɤиɯ иɫɩɵɬаɧиɣ (ɩɨ 3–5 ɨɛɪаɡɰɨɜ ɧа 
ɤаɠɞɭɸ ɬɨɱɤɭ иɫɩɵɬаɧиɣ).  

Ⱦɥɹ ɧаɧɟɫɟɧиɹ ɩɨɤɪɵɬиɹ иɫɩɨɥɶɡɨɜаɥи ɫɭɫɩɟɧ-
ɡиɸ аɥɸɦиɧиɟɜɨɝɨ ɩɨɪɨɲɤа ɜ аɥɸɦɨɯɪɨɦɮɨɫɮаɬ-
ɧɨɦ ɫɜɹɡɭɸɳɟɦ. ȼаɪɶиɪɨɜаɥи ɫɨɨɬɧɨɲɟɧиɟ  
Al2O3/Cr2O3/P2O5/Al – ɨɬ 30/3/7/60 ɞɨ 43/18/15/24. 
Ʉɨɦɩɨɡиɰиɨɧɧɨɟ ɩɨɤɪɵɬиɟ ɧаɧɨɫиɥи ɧа ɫɬаɥɶɧɵɟ 
ɨɛɪаɡɰɵ ɩɨ ɬɟɯɧɨɥɨɝии, ɨɩиɫаɧɧɨɣ ɜ ɩаɬɟɧɬɟ Д24Ж. 
Ɍɟɪɦɨɨɛɪаɛɨɬɤɭ ɨɛɪаɡɰɨɜ ɫ ɩɨɤɪɵɬиɟɦ ɩɪɨɜɨɞи-
ɥи ɜ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɟ ɜ ɫɭɲиɥɶɧɨɦ ɲɤаɮɭ FD 115 
Binder и ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱи Nabertherm  
L9/11/SKM ɩɪи ɬɟɦɩɟɪаɬɭɪаɯ ɞɨ 300 и  
500°ɋ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɍɨɥɳиɧɭ ɩɨɤɪɵɬиɹ  
ɤɨɧɬɪɨɥиɪɨɜаɥи ɦаɝɧиɬɧɵɦ ɬɨɥɳиɧɨɦɟɪɨɦ ɬиɩа  
PosiTector 6000.  

Ɂаɳиɬɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨ-
ɤɪɵɬиɹ ɨɩɪɟɞɟɥɹɥи ɦɟɬɨɞɨɦ ɭɫɤɨɪɟɧɧɵɯ ɤɨɪɪɨɡи-
ɨɧɧɵɯ иɫɩɵɬаɧиɣ ɜ ɤаɦɟɪɟ ɫɨɥɟɜɨɝɨ ɬɭɦаɧа ɩɨ 
ȽɈɋɌ 9.308–85 ɩɪи ɬɟɦɩɟɪаɬɭɪɟ 33–37°ɋ и ɨɬɧɨ-
ɫиɬɟɥɶɧɨɣ ɜɥаɠɧɨɫɬи 70% ɩɪи ɧɟɩɪɟɪɵɜɧɨɦ ɪаɫ-
ɩɵɥɟɧии ɧɟɣɬɪаɥɶɧɨɝɨ 5%-ɧɨɝɨ ɜɨɞɧɨɝɨ ɪаɫɬɜɨɪа 

ɯɥɨɪиɫɬɨɝɨ ɧаɬɪиɹ, а ɬаɤɠɟ ɦɟɬɨɞɨɦ ɧаɬɭɪɧɵɯ 
иɫɩɵɬаɧиɣ ɧа ɤɥиɦаɬиɱɟɫɤиɯ иɫɩɵɬаɬɟɥɶɧɵɯ 
ɫɬаɧɰиɹɯ ɩɨ ȽɈɋɌ 9.909–86 ɜ ɭɫɥɨɜиɹɯ ɩɪиɦɨɪ-
ɫɤɨɣ ɡɨɧɵ ɭɦɟɪɟɧɧɨɝɨ ɬɟɩɥɨɝɨ ɤɥиɦаɬа ɜ ɰɟɧɬɪɟ 
ɤɨɪɪɨɡиɨɧɧɵɯ иɫɩɵɬаɧиɣ ɜ ɝ. Ƚɟɥɟɧɞɠиɤɟ 
(ȽɐɄɂ) Д25, 26Ж. ȼɨɞɨɫɬɨɣɤɨɫɬɶ ɩɨɤɪɵɬиɹ ɨɩɪɟɞɟ-
ɥɹɥи ɩɨ ɭɛɵɥи ɦаɫɫɵ ɨɛɪаɡɰɨɜ ɫ ɩɨɤɪɵɬиɟɦ ɩɪи 
ɤиɩɹɱɟɧии ɜ ɞиɫɬиɥɥиɪɨɜаɧɧɨɣ ɜɨɞɟ.  

ɉɪɨɱɧɨɫɬɶ ɫɰɟɩɥɟɧиɹ ɩɨɤɪɵɬиɣ ɩɪɨɜɟɪɹɥи ɦɟɬɨ-
ɞɨɦ ɧаɧɟɫɟɧиɹ ɫɟɬɤи ɰаɪаɩиɧ ɩɨ ȽɈɋɌ 9.302–88. 
Ⱥɞɝɟɡиɸ ɨɰɟɧиɜаɥи ɩɨ ɬɪɟɯɛаɥɥɶɧɨɣ ɲɤаɥɟ.  

ɂɫɩɵɬаɧиɹ ɧа ɦɧɨɝɨɰиɤɥɨɜɭɸ ɭɫɬаɥɨɫɬɶ ɩɪɨ-
ɜɟɞɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜии ɫ ɬɪɟɛɨɜаɧиɹɦи  
ȽɈɋɌ 25.502 ɧа ɦаɲиɧаɯ Ɇȼɂ611Ɇ ɜ ɭɫɥɨɜиɹɯ 
ɱиɫɬɨɝɨ иɡɝиɛа ɫ ɜɪаɳɟɧиɟɦ ɫ ɱаɫɬɨɬɨɣ 50 Ƚɰ ɩɪи 
ɤɨэɮɮиɰиɟɧɬɟ аɫиɦɦɟɬɪии ɰиɤɥа R=-1 ɩɪи ɬɟɦɩɟ-
ɪаɬɭɪɟ 460°ɋ. ɂɫɩɵɬаɧиɹ ɧа ɞɥиɬɟɥɶɧɭɸ ɩɪɨɱ-
ɧɨɫɬɶ ɩɪɨɜɟɞɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜии ɫ ɬɪɟɛɨɜаɧиɹɦи 
ȽɈɋɌ 10145 ɧа ɦаɲиɧаɯ ZST 2/3 ȼɂɗɌ.  

Ⱦɨɩɭɫɬиɦɨɫɬɶ ɪаɛɨɬɵ ɩɨɤɪɵɬиɹ ɜ ɤɨɧɬаɤɬɟ ɫ 
ɦаɫɥаɦи ɨɩɪɟɞɟɥɹɥи ɩɨ иɡɦɟɧɟɧиɸ ɦаɫɫɵ ɨɛɪаɡ-
ɰɨɜ ɫ ɩɨɤɪɵɬиɹɦи ɩɨɫɥɟ ɜɵɞɟɪɠɤи иɯ ɜ ɦаɫɥɟ и 
ɩɪɨɦɵɜɤи ɜ ɛɟɧɡиɧɨ-аɰɟɬɨɧɨɜɨɣ ɫɦɟɫи.  

Ɇɟɬаɥɥɨɝɪаɮиɱɟɫɤиɣ аɧаɥиɡ ɧɟɬɪаɜɥɟɧɵɯ 
ɲɥиɮɨɜ ɩɪɨɜɨɞиɥи ɧа ɨɩɬиɱɟɫɤɨɦ ɦиɤɪɨɫɤɨɩɟ 
Leica DMIRM ɩɪи ɭɜɟɥиɱɟɧии ×1000, ɩɥаɧаɪɧɭɸ 
ɫɴɟɦɤɭ ɩɨɜɟɪɯɧɨɫɬи ɩɨɤɪɵɬиɹ и ɲɥиɮɨɜ – ɧа 
ɤɨɧɮɨɤаɥɶɧɨɦ ɥаɡɟɪɧɨɦ ɫɤаɧиɪɭɸɳɟɦ ɦиɤɪɨɫɤɨ-
ɩɟ (ɅɋɆ) ɦаɪɤи Olвmpus Lextol S3100. ɋɴɟɦɤɭ 
иɡɨɛɪаɠɟɧиɣ ɩɪɨɜɨɞиɥи ɜ ɪɟɠиɦɟ ɤɨɧɮɨɤаɥɶɧɨɝɨ 
ɥаɡɟɪɧɨɝɨ ɫɤаɧиɪɨɜаɧиɹ ɫ ɩɟɪɟɦɟɧɧɵɦ ɮɨɤɭɫɨɦ, 
ɜ ɪɟɡɭɥɶɬаɬɟ ɤɨɬɨɪɨɝɨ ɜ ɩаɦɹɬи ɤɨɦɩɶɸɬɟɪа ɫɨ-
ɯɪаɧɹɟɬɫɹ ɬаɤ ɧаɡɵɜаɟɦаɹ «ɦаɫɤа» иɥи «ɫɥɟɩɨɤ» 
ɩɨɜɟɪɯɧɨɫɬи ɨɛɪаɡɰа, ɤɨɬɨɪɵɣ ɦɨɠɧɨ иɫɫɥɟɞɨ-
ɜаɬɶ ɜ 2D- и 3D-ɪɟɠиɦаɯ, иɡɦɟɪɹɬɶ ɜɵɫɨɬɭ и ɲɟ-
ɪɨɯɨɜаɬɨɫɬɶ ɪɟɥɶɟɮа, ɨɛɴɟɤɬɵ ɧа ɩɨɜɟɪɯɧɨɫɬи ɜ 
ɧаɩɪаɜɥɟɧиɹɯ X, Y, Z. 

ɗɥɟɤɬɪɨɯиɦиɱɟɫɤиɟ иɫɫɥɟɞɨɜаɧиɹ ɩɪɨɜɨɞиɥи ɫ 
ɩɨɦɨɳɶɸ ɤɨɦɩɥɟɤɫа ɨɛɨɪɭɞɨɜаɧиɹ, ɫɨɫɬɨɹɳɟɝɨ 
иɡ ɝаɥɶɜаɧɨɫɬаɬа-ɩɨɬɟɧɰиɨɫɬаɬа Solartron SI 1287 
и иɦɩɟɞаɧɫɦɟɬɪа Solartron SI 1260. ɂɡɦɟɪɟɧиɹ 
ɨɫɭɳɟɫɬɜɥɹɥи ɬɪɟɯэɥɟɤɬɪɨɞɧɵɦ ɦɟɬɨɞɨɦ ɜ эɥɟɤ-
ɬɪɨɯиɦиɱɟɫɤɨɣ ɹɱɟɣɤɟ ɫ 3%-ɧɵɦ ɪаɫɬɜɨɪɨɦ NaCl. 
ȼ ɤаɱɟɫɬɜɟ ɪаɛɨɱɟɝɨ эɥɟɤɬɪɨɞа иɫɩɨɥɶɡɨɜаɥи иɫ-
ɫɥɟɞɭɟɦɵɣ ɨɛɪаɡɟɰ, ɩɪɨɬиɜɨэɥɟɤɬɪɨɞɨɦ ɫɥɭɠиɥа 
ɩɥаɬиɧɨɜаɹ ɫɟɬɤа; ɯɥɨɪɫɟɪɟɛɪɹɧɵɣ эɥɟɤɬɪɨɞ ɹɜ-
ɥɹɥɫɹ эɥɟɤɬɪɨɞɨɦ ɫɪаɜɧɟɧиɹ.  

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɉɟɪɟɞ ɧаɧɟɫɟɧиɟɦ ɡаɳиɬɧɨɝɨ ɩɨɤɪɵɬиɹ ɫɬаɥɶ-
ɧɵɟ ɨɛɪаɡɰɵ ɩɨɞɜɟɪɝаɥи ɩɟɫɤɨɫɬɪɭɣɧɨɣ ɨɛɪаɛɨɬ-
ɤɟ эɥɟɤɬɪɨɤɨɪɭɧɞɨɜɵɦ ɲɥиɮɩɨɪɨɲɤɨɦ ɩɪи ɞаɜ-
ɥɟɧии ɜɨɡɞɭɯа ɨɬ 4 ɞɨ 5 аɬ (ɨɬ 0,4 ɞɨ 0,5 Ɇɉа). 
Ⱦɪɭɝиɟ ɜиɞɵ ɨɛɪаɛɨɬɤи ɩɨɜɟɪɯɧɨɫɬи ɭɝɥɟɪɨɞи-
ɫɬɵɯ ɤɨɧɫɬɪɭɤɰиɨɧɧɵɯ ɫɬаɥɟɣ ɧɟ ɩɨɡɜɨɥɹɸɬ ɩɨ-
ɥɭɱаɬɶ ɧɟ ɬɨɥɶɤɨ ɭɞɨɜɥɟɬɜɨɪиɬɟɥɶɧɭɸ аɞɝɟɡиɸ, 
ɧɨ и ɫɩɥɨɲɧɨɫɬɶ ɩɨɤɪɵɬиɹ. ȼ ɬаɛɥ. 1 ɩɨɤаɡаɧ 
ɜɧɟɲɧиɣ ɜиɞ ɫɬаɥɶɧɵɯ ɨɛɪаɡɰɨɜ ɫ ɤɨɦɩɨɡиɰиɨɧ-
ɧɵɦ ɩɨɤɪɵɬиɟɦ ɩɨɫɥɟ ɪаɡɥиɱɧɵɯ ɦɟɬɨɞɨɜ ɩɨɞɝɨ-
ɬɨɜɤи ɫɬаɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬи, а ɬаɤɠɟ ɜɧɟɲɧиɣ 
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Ɍɚɛɥɢɰɚ 1 

 

ȼɧɟɲɧɢɣ ɜɢɞ ɫɬɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɫ ɤɨɦɩɨɡɢɰɢɨɧɧɵɦ ɩɨɤɪɵɬɢɟɦ  
ɩɨɫɥɟ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɩɨɞɝɨɬɨɜɤɢ ɫɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

Ɇɟɬɨɞ 

ɩɨɞɝɨɬɨɜɤи 

ɒɟɪɨɯɨɜаɬɨɫɬɶ 

Ra, ɦɤɦ 
ȼɧɟɲɧиɣ ɜиɞ (×56) Ⱥɞɝɟɡиɹ, 

ɛаɥɥ 

Ɉɛɪаɛɨɬɤа 
ɧаɠɞаɱɧɨɣ 

ɛɭɦаɝɨɣ 

Ɋ120 0,2 

 

Ɉɬɫɭɬɫɬɜɭɟɬ 

ɫɦаɱиɜаɟɦɨɫɬɶ 

Ɋ600 0,1 

 

Ɉɬɫɭɬɫɬɜɭɟɬ 

ɫɦаɱиɜаɟɦɨɫɬɶ 

ɉɟɫɤɨɫɬɪɭɣɧаɹ 

ɨɛɪаɛɨɬɤа 

ɤɨɪɭɧɞɨɦ F120 

1,1 

 

ɇɟ ɜɵɲɟ 2 (ɛаɥɥ аɞɝɟɡии 
ɫɧиɠɟɧ ɫ 1 ɞɨ 2 иɡ-ɡа 

ɧаɥиɱиɹ ɦɟɥɤиɯ ɫɤɨɥɨɜ  
ɩɨɤɪɵɬиɹ, ɧаɛɥɸɞаɟɦɵɯ  

ɩɨ ɤɪаɹɦ ɰаɪаɩиɧ) 

ɒɥиɮɨɜаɧиɟ 0,1 

 

Ɉɬɫɭɬɫɬɜɭɟɬ 

ɫɦаɱиɜаɟɦɨɫɬɶ 
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ɜиɞ ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵɬиɹ ɩɨɫɥɟ иɫɩɵɬаɧиɹ 
ɧа аɞɝɟɡиɸ ɦɟɬɨɞɨɦ ɧаɧɟɫɟɧиɹ ɫɟɬɤи ɰаɪаɩиɧ.  

Ⱦаɧɧɵɟ ɩɨɤаɡɵɜаɸɬ, ɱɬɨ ɟɞиɧɫɬɜɟɧɧɵɦ ɭɞɨ-
ɜɥɟɬɜɨɪиɬɟɥɶɧɵɦ ɦɟɬɨɞɨɦ ɩɨɞɝɨɬɨɜɤи ɩɨɜɟɪɯɧɨ-
ɫɬи ɩɟɪɟɞ ɧаɧɟɫɟɧиɟɦ ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵ-
ɬиɹ ɹɜɥɹɟɬɫɹ ɩɟɫɤɨɫɬɪɭɣɧаɹ ɨɛɪаɛɨɬɤа.  

ɉɨɤɪɵɬиɟ ɧаɧɨɫɹɬ ɦɟɬɨɞɨɦ ɩɭɥɶɜɟɪиɡаɰиɨɧ-
ɧɨɝɨ ɪаɫɩɵɥɟɧиɹ. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɧаɧɨɫиɬɶ ɩɨɤɪɵ-
ɬиɟ ɜ ɞɜа ɫɥɨɹ ɫ ɬɟɪɦɨɨɛɪаɛɨɬɤɨɣ ɤаɠɞɨɝɨ ɫɥɨɹ. 
Ɍɟɩɥɨɜɭɸ ɨɛɪаɛɨɬɤɭ ɩɪɨɜɨɞɹɬ ɫɬɭɩɟɧɱаɬɨ: ɫɧаɱа-
ɥа ɫɭɲаɬ ɧа ɜɨɡɞɭɯɟ, а ɡаɬɟɦ ɩɪɨɤаɥиɜаɸɬ ɜ ɜɨɡ-
ɞɭɲɧɨɣ ɩɟɱи. ɋɬɭɩɟɧɱаɬɵɣ ɪɟɠиɦ ɬɟɩɥɨɜɨɣ ɨɛ-
ɪаɛɨɬɤи ɩɨɡɜɨɥɹɟɬ ɪаɜɧɨɦɟɪɧɨ ɩɨ ɜɫɟɣ ɩɨɜɟɪɯɧɨ-
ɫɬи и ɛɟɡ ɨɛɪаɡɨɜаɧиɹ ɩɭɡɵɪɟɣ ɜɵɫɭɲиɬɶ и ɨɬɜɟɪ-
ɞиɬɶ ɩɨɤɪɵɬиɟ. ɉɪи ɫɭɲɤɟ ɩɨɤɪɵɬиɹ ɜɡаиɦɨɞɟɣ-
ɫɬɜиɟ ɤиɫɥɵɯ ɮɨɫɮаɬɨɜ ɫ ɧаɩɨɥɧиɬɟɥɟɦ ɩɪиɜɨɞиɬ 
ɤ ɨɛɪаɡɨɜаɧиɸ ɫɪɟɞɧиɯ ɮɨɫɮаɬɨɜ, ɧɟɪаɫɬɜɨɪи-
ɦɵɯ ɜ ɜɨɞɟ, ɬ. ɟ. ɤ ɨɬɜɟɪɠɞɟɧиɸ ɩɨɤɪɵɬиɹ. Ɉɞɧɨ-
ɜɪɟɦɟɧɧɨ ɫ эɬиɦ ɮɨɫɮɨɪɧаɹ ɤиɫɥɨɬа и ɤиɫɥɵɟ 
ɮɨɫɮаɬɵ, ɜɡаиɦɨɞɟɣɫɬɜɭɹ ɫɨ ɫɬаɥɶɧɨɣ ɨɫɧɨɜɨɣ, 
ɨɛɟɫɩɟɱиɜаɸɬ аɞɝɟɡиɸ ɤ ɦɟɬаɥɥɭ. ɂɧɬɟɧɫиɜɧɨɫɬɶ 
ɜɡаиɦɨɞɟɣɫɬɜиɹ ɫɨ ɫɬаɥɶɸ ɪɟɝɭɥиɪɨɜаɥи ɫɨɨɬɧɨ-
ɲɟɧиɟɦ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɜɹɡɭɸɳɟɝɨ и 
ɧаɩɨɥɧиɬɟɥɹ.  

Ɉɛɳаɹ ɬɨɥɳиɧа ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵɬиɹ 
ɫɨɫɬаɜɥɹɟɬ 45–60 ɦɤɦ. Ɇаɤɫиɦаɥɶɧɵɣ ɪаɫɯɨɞ ɞɥɹ 
ɧаɧɟɫɟɧиɹ ɞɜɭɯɫɥɨɣɧɨɝɨ ɩɨɤɪɵɬиɹ ɫɨɫɬаɜɥɹɟɬ  
280–320 ɝ ɧа 1 ɦ2 ɩɨɜɟɪɯɧɨɫɬи. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧиɹ ɡаɳиɬɧɨɣ ɫɩɨɫɨɛɧɨɫɬи ɤɨɦ-
ɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵɬиɹ ɧа ɨɫɧɨɜɟ ɮɨɫɮаɬɨɜ ɩɪɨ-
ɜɟɞɟɧɵ ɫɪаɜɧиɬɟɥɶɧɵɟ ɭɫɤɨɪɟɧɧɵɟ ɤɨɪɪɨɡиɨɧɧɵɟ 
иɫɩɵɬаɧиɹ ɜ ɤаɦɟɪɟ ɫɨɥɟɜɨɝɨ ɬɭɦаɧа (ɄɋɌ-35) и 
ɧаɬɭɪɧɵɟ иɫɩɵɬаɧиɹ ɜ ɭɫɥɨɜиɹɯ ɩɪиɦɨɪɫɤɨɣ ɡɨɧɵ 

ɭɦɟɪɟɧɧɨɝɨ ɬɟɩɥɨɝɨ ɤɥиɦаɬа (ȽɐɄɂ) ɨɛɪаɡɰɨɜ ɫ 
ɪаɡɥиɱɧɵɦи ɜиɞаɦи ɩɨɤɪɵɬиɣ. ɂɫɫɥɟɞɨɜаɥи ɡа-
ɳиɬɧɵɟ ɫɜɨɣɫɬɜа ɫɟɦи ɜиɞɨɜ ɩɨɤɪɵɬиɣ: ɞɜɭɯ ɜи-
ɞɨɜ ɥаɤɨɤɪаɫɨɱɧɵɯ ɩɨɤɪɵɬиɣ (ɯɨɥɨɞɧɨɣ и ɝɨɪɹ-
ɱɟɣ ɫɭɲɤи), ɞɜɭɯ ɜиɞɨɜ ɝаɥɶɜаɧиɱɟɫɤиɯ ɩɨɤɪɵɬиɣ 
(ɧиɤɟɥɶ+ɰиɧɤ ɯɪɨɦаɬиɪɨɜаɧɧɵɣ и ɧи-
ɤɟɥɶ+ɤаɞɦиɣ ɯɪɨɦаɬиɪɨɜаɧɧɵɣ) и ɬɪɟɯ ɜиɞɨɜ 
ɩɨɤɪɵɬиɣ ɧа ɨɫɧɨɜɟ аɥɸɦиɧиɹ, ɧаɧɟɫɟɧɧɵɯ ɦɟɬɨ-
ɞɨɦ ɯɨɥɨɞɧɨɝɨ ɝаɡɨɞиɧаɦиɱɟɫɤɨɝɨ ɧаɩɵɥɟɧиɹ 
(Alɯɝɧ) и ɩиɪɨɥиɡɨɦ аɥɸɦɨɫɨɞɟɪɠаɳɟɝɨ ɨɪɝаɧиɱɟ-
ɫɤɨɝɨ ɫɨɟɞиɧɟɧиɹ (Ⱥlɩиɪ), а ɬаɤɠɟ ɤɨɦɩɨɡиɰиɨɧɧɨ-
ɝɨ ɮɨɫɮаɬɧɨɝɨ ɩɨɤɪɵɬиɹ. 

ɉɪи иɫɩɵɬаɧиɹɯ ɜ ɄɋɌ-35 ɩɨɤаɡаɧɨ, ɱɬɨ ɥɭɱ-
ɲиɦи ɡаɳиɬɧɵɦи ɫɜɨɣɫɬɜаɦи ɨɛɥаɞаɟɬ ɤɨɦɩɨɡи-
ɰиɨɧɧɨɟ ɩɨɤɪɵɬиɟ – ɩɪɨɞɭɤɬɵ ɤɨɪɪɨɡии ɧа ɨɛɪаɡ-
ɰаɯ иɡ ɫɬаɥи ɧɟ ɨɛɧаɪɭɠɟɧɵ ɜ ɬɟɱɟɧиɟ 5000 ɱ иɫ-
ɩɵɬаɧиɣ. Ɇɟɫɬɧɨɟ ɩɨɜɪɟɠɞɟɧиɟ (ɤɪɟɫɬɨɨɛɪаɡɧɵɣ 
ɪаɡɪɟɡ) ɩɨɤɪɵɬиɹ ɞɨ ɫɬаɥɶɧɨɣ ɨɫɧɨɜɵ ɧɟ ɩɪиɜɨ-
ɞиɬ ɤ ɤɨɪɪɨɡии ɫɬаɥи (ɪиɫ. 1). Ɍɟɦɧɵɟ и ɫɜɟɬɥɵɟ 
ɭɱаɫɬɤи ɧа ɤɨɦɩɨɡиɰиɨɧɧɨɦ ɩɨɤɪɵɬии ɯаɪаɤɬɟɪи-
ɡɭɸɬ ɤɨɪɪɨɡиɨɧɧɭɸ ɞɟɝɪаɞаɰиɸ ɧаɪɭɠɧɨɝɨ ɲɥи-
ɮɨɜаɧɧɨɝɨ аɥɸɦиɧиɟɜɨɝɨ ɫɥɨɹ. 

ɇаɬɭɪɧɵɟ иɫɩɵɬаɧиɹ ɜ ɝ. Ƚɟɥɟɧɞɠиɤɟ ɨɛɪаɡ-
ɰɨɜ ɫ ɩɨɤɪɵɬиɹɦи ɬаɤɠɟ ɩɨɞɬɜɟɪɞиɥи ɜɵɫɨɤиɟ 
ɡаɳиɬɧɵɟ ɫɜɨɣɫɬɜа ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵɬиɹ – 
ɨɛɪаɡɰɵ ɧɟ иɦɟɸɬ ɤɨɪɪɨɡиɨɧɧɵɯ ɩɨɜɪɟɠɞɟɧиɣ ɧа 
ɨɛɪаɡɰаɯ иɡ ɫɬаɥи ɜ ɬɟɱɟɧиɟ 3 ɥɟɬ эɤɫɩɨɡиɰии.  

Ⱦɥиɬɟɥɶɧɵɣ ɩɪɨɝɪɟɜ ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵ-
ɬиɹ ɩɪи ɬɟɦɩɟɪаɬɭɪɟ 460°ɋ ɜ ɬɟɱɟɧиɟ 500 ɱ ɧɟ 
ɭɯɭɞɲаɟɬ ɟɝɨ ɡаɳиɬɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ (ɪиɫ. 2). 

ȼɵɫɨɤаɹ ɡаɳиɬɧаɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɨɦɩɨɡиɰиɨɧ-
ɧɨɝɨ ɩɨɤɪɵɬиɹ ɨɛɴɹɫɧɹɟɬɫɹ ɟɝɨ ɩɪɨɬɟɤɬɨɪɧɵɦи 
ɫɜɨɣɫɬɜаɦи ɩɨ ɨɬɧɨɲɟɧиɸ ɤ ɭɝɥɟɪɨɞиɫɬɨɣ ɫɬаɥи, 

Ɋиɫ. 1. ȼɧɟɲɧиɣ ɜиɞ ɨɛɪаɡɰɨɜ ɫ ɤɨɦɩɨɡиɰиɨɧɧɵɦ ɩɨɤɪɵɬиɟɦ ɩɟɪɟɞ ɤɨɪɪɨɡиɨɧɧɵɦи иɫɩɵɬаɧиɹɦи (ɚ), ɩɨɫɥɟ 
ɤɨɪɪɨɡиɨɧɧɵɯ иɫɩɵɬаɧиɣ ɜ ɄɋɌ ɜ ɬɟɱɟɧиɟ 5000 ɱ ɛɟɡ ɧаɪɭɲɟɧиɹ ɩɨɤɪɵɬиɹ (ɛ) и ɫ ɧаɪɭɲɟɧиɟɦ ɩɨɤɪɵɬиɹ ɞɨ 
ɫɬаɥɶɧɨɣ ɨɫɧɨɜɵ (ɜ) 
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Ɋиɫ. 2. ȼɧɟɲɧиɣ ɜиɞ ɩɨɤɪɵɬиɣ ɧа ɨɛɪаɡɰаɯ иɡ ɫɬаɥи ȼɄɋ-170-ɂȾ, ɩɪɨɝɪɟɬɵɯ ɩɪи 460°ɋ ɜ ɬɟɱɟɧиɟ 500 ɱ, ɩɨ-
ɫɥɟ иɫɩɵɬаɧиɣ ɜ ɄɋɌ-35 ɜ ɬɟɱɟɧиɟ 650 ɱ: 

ɚ – ɛɟɡ ɩɨɤɪɵɬиɹ; ɛ – ɫ ɩɨɤɪɵɬиɟɦ Ni+Zn; ɜ – ɫ ɩɨɤɪɵɬиɟɦ Ⱥlɩиɪ ɫ ɞɨɩɨɥɧиɬɟɥɶɧɨɣ ɨɛɪаɛɨɬɤɨɣ; ɝ – ɫ ɩɨɤɪɵɬи-
ɟɦ Ni+Cd; ɞ – ɫ ɩɨɤɪɵɬиɟɦ Alɯɝɧ; ɟ – ɫ ɅɄɉ ɝɨɪɹɱɟɣ ɫɭɲɤи; ɠ – ɫ ɤɨɦɩɨɡиɰиɨɧɧɵɦ ɩɨɤɪɵɬиɟɦ; ɡ – ɫ ɅɄɉ ɯɨɥɨɞ-
ɧɨɣ ɫɭɲɤи 
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ɤɨɬɨɪɵɟ ɪɟаɥиɡɭɸɬɫɹ ɩɨɫɥɟ ɲɥиɮɨɜаɧиɹ ɩɨɜɟɪɯ-
ɧɨɫɬи ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵɬиɹ ɫɨɝɥаɫɧɨ ɪаɛɨ-
ɬɟ Д22Ж. ɉɨɫɥɟ ɬɟɩɥɨɜɨɣ ɨɛɪаɛɨɬɤи ɜɟɪɯɧиɣ ɫɥɨɣ 
ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵɬиɹ ɩɪɟɞɫɬаɜɥɹɟɬ ɫɨɛɨɣ 
ɩɥɨɬɧɨ ɫɤɥɟɟɧɧɵɟ ɱаɫɬиɰɵ аɥɸɦиɧиɟɜɨɝɨ ɩɨɪɨɲ-
ɤа, ɩɨɤɪɵɬɵɟ ɫɥɨɟɦ аɥɸɦɨɯɪɨɦɮɨɫɮаɬɧɨɝɨ ɫɜɹɡɭ-
ɸɳɟɝɨ, ɤаɤ ɫɯɟɦаɬиɱɧɨ ɩɨɤаɡаɧɨ ɧа ɪиɫ. 3. 

Ɇɟɬаɥɥиɱɟɫɤиɣ аɥɸɦиɧиɣ ɡаɳиɳɟɧ эɬиɦ ɫɥɨ-
ɟɦ ɨɬ ɤɨɪɪɨɡиɨɧɧɨ-аɝɪɟɫɫиɜɧɨɣ ɫɪɟɞɵ. ȼ ɬɨ ɠɟ 
ɜɪɟɦɹ ɱɟɪɟɡ ɩɨɪɵ ɜ ɩɨɤɪɵɬии (ɧа ɪиɫ. 4 – ɬɟɦɧɵɟ 
ɩɭɫɬɨɬɵ и ɳɟɥи), ɪаɫɩɨɥɨɠɟɧɧɵɟ ɦɟɠɞɭ ɱаɫɬиɰа-
ɦи ɩɨɪɨɲɤа, ɤ ɫɬаɥɶɧɨɣ ɨɫɧɨɜɟ ɩɨɫɬɭɩаɸɬ ɤɨɪɪɨ-
ɡиɨɧɧɨ-аɤɬиɜɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɪаɫɬɜɨɪа, ɩɪиɜɨɞɹ 
ɤ ɤɨɪɪɨɡии ɭɝɥɟɪɨɞиɫɬɨɣ ɫɬаɥи ɧа ɞɧɟ ɩɨɪɵ. ɇа 
ɪиɫ. 3 ɩɨɤаɡаɧ ɜɧɟɲɧиɣ ɜиɞ ɫɬаɥɶɧɵɯ ɨɛɪаɡɰɨɜ ɫ 
ɧɟɲɥиɮɨɜаɧɧɵɦ ɤɨɦɩɨɡиɰиɨɧɧɵɦ ɩɨɤɪɵɬиɟɦ ɞɨ 
и ɩɨɫɥɟ ɩɪɨɜɟɞɟɧиɹ ɭɫɤɨɪɟɧɧɵɯ иɫɩɵɬаɧиɣ ɜ 
ɄɋɌ-35. ɇа ɩɨɜɟɪɯɧɨɫɬи ɬаɤиɯ ɨɛɪаɡɰɨɜ ɜиɞɧɵ 
ɩɨɞɬɟɤи ɩɪɨɞɭɤɬɨɜ ɤɨɪɪɨɡии ɫɬаɥи, ɩɨɹɜɥɟɧиɟ 
ɤɨɬɨɪɵɯ ɛɵɥɨ ɡаɦɟɱɟɧɨ ɭɠɟ ɧа ɜɬɨɪɵɟ ɫɭɬɤи  
иɫɩɵɬаɧиɣ.  

ɉɪи ɲɥиɮɨɜаɧии ɜɟɪɯɧиɣ ɫɥɨɣ ɩɨɤɪɵɬиɹ ɭɞа-
ɥɹɟɬɫɹ, ɜɦɟɫɬɟ ɫ ɧиɦ ɭɞаɥɹɟɬɫɹ ɫɥɨɣ ɫɜɹɡɭɸɳɟɝɨ, 
ɡаɤɪɵɜаɸɳиɣ ɧаɪɭɠɧɵɟ ɱаɫɬиɰɵ аɥɸɦиɧиɟɜɨɝɨ 
ɩɨɪɨɲɤа. ɉɪи эɬɨɦ ɩɨ ɩɨɜɟɪɯɧɨɫɬи ɩɨɤɪɵɬиɹ 
ɩɪɨиɫɯɨɞиɬ ɧаɜɨɥаɤиɜаɧиɟ аɥɸɦиɧиɹ. ɗɬɨɬ ɩɨ-
ɜɟɪɯɧɨɫɬɧɵɣ аɥɸɦиɧиɣ, эɥɟɤɬɪиɱɟɫɤи ɫɨɟɞиɧɟɧ-
ɧɵɣ ɫɨ ɫɬаɥɶɧɨɣ ɨɫɧɨɜɨɣ, иɝɪаɟɬ ɪɨɥɶ ɩɪɨɬɟɤɬɨɪа. 

ɇа ɪиɫ. 5 ɩɨɤаɡаɧɵ ɫɯɟɦаɬиɱɧɨɟ иɡɨɛɪаɠɟɧиɟ 
ɲɥиɮɨɜаɧɧɨɝɨ ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵɬиɹ и 
ɜɧɟɲɧиɣ ɜиɞ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬи, ɩɨɥɭɱɟɧɧɵɣ ɧа 
ɅɋɆ ɜ ɪɟɠиɦɟ ɥаɡɟɪɧɨɝɨ ɫɤаɧиɪɨɜаɧиɹ. 

ɂɫɫɥɟɞɨɜаɧиɟ ɡаɜиɫиɦɨɫɬи ɩɨɬɟɧɰиаɥа ɨɬ ɜɪɟ-
ɦɟɧи, ɫɧɹɬɨɣ ɜ ɪɟɠиɦɟ ɪаɡɨɦɤɧɭɬɨɣ ɰɟɩи (ɪиɫ. 6), 
ɞɥɹ ɨɛɪаɡɰɨɜ ɫɨ ɲɥиɮɨɜаɧɧɵɦ и ɧɟɲɥиɮɨɜаɧɧɵɦ 
ɜɟɪɯɧиɦ ɫɥɨɟɦ ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵɬиɹ ɜ  
3%-ɧɨɦ ɪаɫɬɜɨɪɟ NaCl ɩɨɞɬɜɟɪɞиɥи ɬɨɬ ɮаɤɬ, ɱɬɨ 
ɧɟɲɥиɮɨɜаɧɧɨɟ ɩɨɤɪɵɬиɟ ɧɟ ɨɛɥаɞаɟɬ ɩɪɨɬɟɤɬɨɪ-
ɧɵɦи ɫɜɨɣɫɬɜаɦи ɩɨ ɨɬɧɨɲɟɧиɸ ɤ ɫɬаɥи и ɜ ɫиɥɭ 
ɫɜɨɟɣ ɩɨɪиɫɬɨɫɬи ɧɟ ɨɛɟɫɩɟɱиɜаɟɬ ɡаɳиɬɭ ɫɬаɥɶ-
ɧɨɣ ɨɫɧɨɜɵ ɨɬ ɤɨɪɪɨɡии.  

ɇа ɪиɫ. 6 ɤɪиɜаɹ, ɯаɪаɤɬɟɪиɡɭɸɳаɹ ɡаɜиɫи-
ɦɨɫɬɶ ɩɨɬɟɧɰиаɥа ɪаɡɨɦɤɧɭɬɨɣ ɰɟɩи ɨɬ ɜɪɟɦɟɧи 
ɞɥɹ ɨɛɪаɡɰа ɫ ɧɟɲɥиɮɨɜаɧɧɵɦ ɜɟɪɯɧиɦ ɫɥɨɟɦ 
ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵɬиɹ, ɪаɫɩɨɥɨɠɟɧа ɜ ɦɟɧɟɟ 
ɨɬɪиɰаɬɟɥɶɧɨɣ ɨɛɥаɫɬи ɩɨɬɟɧɰиаɥɨɜ ɩɨ ɨɬɧɨɲɟ-
ɧиɸ ɤ аɧаɥɨɝиɱɧɨɣ ɡаɜиɫиɦɨɫɬи ɞɥɹ ɱиɫɬɨɣ 
ɫɬаɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬи. ȼɟɥиɱиɧа ɬаɤɨɝɨ ɫɦɟɳɟ-
ɧиɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ эɥɟɤɬɪиɱɟɫɤɨɦɭ ɫɨɩɪɨɬиɜɥɟ-
ɧиɸ ɪаɫɬɜɨɪа NaCl ɜ ɩɨɪаɯ ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨ-
ɤɪɵɬиɹ, ɱаɫɬиɱɧɨ ɡаɛɥɨɤиɪɨɜаɧɧɵɯ ɩɪɨɞɭɤɬаɦи 
ɤɨɪɪɨɡии ɫɬаɥɶɧɨɣ ɨɫɧɨɜɵ. 

Ʉɪиɜаɹ, ɯаɪаɤɬɟɪиɡɭɸɳаɹ ɡаɜиɫиɦɨɫɬɶ ɩɨɬɟɧ-
ɰиаɥа ɪаɡɨɦɤɧɭɬɨɣ ɰɟɩи ɨɬ ɜɪɟɦɟɧи ɞɥɹ ɨɛɪаɡɰа 
ɫɨ ɲɥиɮɨɜаɧɧɵɦ ɜɟɪɯɧиɦ ɫɥɨɟɦ ɤɨɦɩɨɡиɰиɨɧɧɨ-
ɝɨ ɩɨɤɪɵɬиɹ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ эɥɟɤɬɪɨɯиɦиɱɟɫɤɨɦɭ 
ɩɨɜɟɞɟɧиɸ ɱиɫɬɨɝɨ аɥɸɦиɧиɹ ɜ 3%-ɧɨɦ ɪаɫɬɜɨɪɟ 
NaCl. ȼ ɧаɱаɥɶɧɵɣ ɩɟɪиɨɞ иɫɩɵɬаɧиɣ (ɧɟɫɤɨɥɶɤɨ 
ɫɭɬɨɤ) ɱиɫɬаɹ ɩɨɜɟɪɯɧɨɫɬɶ аɥɸɦиɧиɹ ɩɨɤɪɵɜаɟɬ-
ɫɹ ɩɪɨɞɭɤɬаɦи ɤɨɪɪɨɡии, ɤɨɬɨɪɵɟ ɩɪиɜɨɞɹɬ ɤ ɱа-

ɫɬиɱɧɨɣ ɛɥɨɤиɪɨɜɤɟ аɥɸɦиɧиɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬи и 
ɫɞɜиɝɭ ɩɨɬɟɧɰиаɥа ɜ ɦɟɧɟɟ ɨɬɪиɰаɬɟɥɶɧɭɸ ɫɬɨɪɨ-
ɧɭ. ɉɨɬɟɧɰиаɥ ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵɬиɹ ɩɪи-
ɛɥиɠаɟɬɫɹ ɤ ɫɬаɰиɨɧаɪɧɨɦɭ ɩɨɬɟɧɰиаɥɭ аɥɸɦи-
ɧиɹ ɜ ɦɨɪɫɤɨɣ ɜɨɞɟ (-0,53 ȼ). ȼɪɟɦɹ ɨɬ ɜɪɟɦɟɧи 
ɩɥɟɧɤа ɩɪɨɞɭɤɬɨɜ ɤɨɪɪɨɡии аɥɸɦиɧиɹ ɦɟɫɬаɦи 
ɪаɡɪɭɲаɟɬɫɹ, ɱɬɨ ɩɪиɜɨɞиɬ ɤ ɩиɤɨɨɛɪаɡɧɨɦɭ ɩа-
ɞɟɧиɸ ɩɨɬɟɧɰиаɥа ɜ ɨɬɪиɰаɬɟɥɶɧɭɸ ɫɬɨɪɨɧɭ. 

ȼ ɪɟаɥɶɧɵɯ ɩɨɝɨɞɧɵɯ ɭɫɥɨɜиɹɯ ɨɛɪаɡɰɵ ɫ ɩɨ-
ɤɪɵɬиɟɦ ɛɭɞɭɬ ɤаɤ ɧаɝɪɟɜаɬɶɫɹ ɨɬ ɫɨɥɧɟɱɧɨɝɨ 
ɫɜɟɬа, ɬаɤ и ɨɛɦɵɜаɬɶɫɹ ɞɨɠɞɹɦи. ɉɨэɬɨɦɭ ɛɵɥа 
ɨɩɪɟɞɟɥɟɧа ɜɨɞɨɫɬɨɣɤɨɫɬɶ ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨ-
ɤɪɵɬиɹ. ɉɪи ɤиɩɹɱɟɧии ɨɛɪаɡɰɨɜ ɫ ɩɨɤɪɵɬиɟɦ ɜ 
ɞиɫɬиɥɥиɪɨɜаɧɧɨɣ ɜɨɞɟ ɜ ɩɟɪɜɵɣ ɱаɫ ɩɪɨиɫɯɨɞиɬ 
ɫɧиɠɟɧиɟ ɦаɫɫɵ ɨɛɪаɡɰɨɜ ɧа 0,15–0,50 ɝ/ɦ2 ɩɨ-
ɤɪɵɬиɹ ɡа ɫɱɟɬ ɪаɫɬɜɨɪɟɧиɹ ɧɟɨɬɜɟɪɠɞɟɧɧɵɯ ɤɨɦ-
ɩɨɧɟɧɬɨɜ ɫɭɫɩɟɧɡии. Ⱦаɥɶɧɟɣɲɟɟ ɤиɩɹɱɟɧиɟ ɨɛ-
ɪаɡɰɨɜ ɫ ɩɨɤɪɵɬиɟɦ ɜ ɬɟɱɟɧиɟ 5 ɱ ɧɟ ɩɪиɜɨɞиɬ ɤ 
иɡɦɟɧɟɧиɸ иɯ ɦаɫɫɵ.  

ɉɨɤɪɵɬиɟ ɨɛɥаɞаɟɬ ɭɞɨɜɥɟɬɜɨɪиɬɟɥɶɧɨɣ аɞɝɟ-
ɡиɟɣ ɤ ɫɬаɥи (ɧɟ ɧиɠɟ 2 ɛаɥɥа), ɱɬɨ ɩɨɞɬɜɟɪɠɞɟɧɨ 
иɫɩɵɬаɧиɹɦи ɤаɤ ɦɟɬɨɞɨɦ ɧаɧɟɫɟɧиɹ ɩаɪаɥɥɟɥɶ-
ɧɵɯ ɧаɞɪɟɡɨɜ, ɬаɤ и ɛɨɥɟɟ ɠɟɫɬɤиɦ ɦɟɬɨɞɨɦ ɧаɧɟ-
ɫɟɧиɹ ɫɟɬɤи ɰаɪаɩиɧ, ɤɨɬɨɪɵɣ ɩɪиɦɟɧиɦ ɞɥɹ ɩɨ-
ɤɪɵɬиɣ ɬɨɥɳиɧɨɣ ɞɨ 20 ɦɤɦ. Ɉɬɫɥаиɜаɧиɹ ɩɨɤɪɵ-
ɬиɹ и ɫɤɨɥɨɜ, ɜ ɬɨɦ ɱиɫɥɟ ɜ ɦɟɫɬаɯ ɩɟɪɟɤɪɟɫɬиɣ, 
ɧɟ ɧаɛɥɸɞаɟɬɫɹ. ɇа ɪиɫ. 7 ɩɨɤаɡаɧ ɜɧɟɲɧиɣ ɜиɞ 
ɩɨɤɪɵɬиɹ ɩɨɫɥɟ иɫɩɵɬаɧиɹ ɧа аɞɝɟɡиɸ ɦɟɬɨɞɨɦ 
ɧаɧɟɫɟɧиɹ ɫɟɬɤи ɰаɪаɩиɧ. 

Ɇиɤɪɨɬɜɟɪɞɨɫɬɶ ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵɬиɹ 
ɩɪи ɧаɝɪɭɡɤɟ 0,25 ɇ/ɦɦ2 ɤɨɥɟɛɥɟɬɫɹ ɜ ɩɪɟɞɟɥаɯ 
316–343 Ɇɉа и ɦаɥɨ ɡаɜиɫиɬ ɨɬ ɪɟɠиɦа ɨɬɜɟɪ-
ɠɞɟɧиɹ. 

ȼ ɩɪɨɰɟɫɫɟ ɧаɧɟɫɟɧиɹ ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨ-
ɤɪɵɬиɹ ɩɪаɤɬиɱɟɫɤи ɧɟ ɩɪɨиɫɯɨɞиɬ ɧаɜɨɞɨɪɨɠи-
ɜаɧиɹ ɫɬаɥɶɧɨɣ ɨɫɧɨɜɵ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪиɦɟɧɹɬɶ 
ɞаɧɧɨɟ ɩɨɤɪɵɬиɟ ɧа ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬаɥɹɯ ɛɟɡ 
иɡɦɟɧɟɧиɹ иɯ ɦɟɯаɧиɱɟɫɤиɯ ɫɜɨɣɫɬɜ. Ɉɛɪаɡɰɵ иɡ 
ɫɬаɥи ȼɄɋ-170-ɂȾ ɫ ɤɨɦɩɨɡиɰиɨɧɧɵɦ ɩɨɤɪɵɬи-
ɟɦ, иɫɩɵɬаɧɧɵɟ ɧа ɦɧɨɝɨɰиɤɥɨɜɭɸ ɭɫɬаɥɨɫɬɶ 
(Ɇɧɐɍ) ɩɪи ɧаɩɪɹɠɟɧии ı-1=ηη0 Ɇɉа и ɬɟɦɩɟɪа-
ɬɭɪɟ 460°ɋ и ɧа ɞɥиɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪи 
ɧаɩɪɹɠɟɧии ı=8β4 Ɇɉа и ɬɟɦɩɟɪаɬɭɪɟ 460°ɋ, 
ɩɪɨɫɬɨɹɥи ɛɟɡ ɪаɡɪɭɲɟɧиɹ ɛɨɥɟɟ ɭɫɬаɧɨɜɥɟɧɧɨɣ 
ɛаɡɵ иɫɩɵɬаɧиɣ: 20 ɦɥɧ ɰиɤɥɨɜ – ɞɥɹ Ɇɧɐɍ и 
100 ɱ – ɞɥɹ иɫɩɵɬаɧиɣ ɧа ɞɥиɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ. 
Ɋɟɡɭɥɶɬаɬɵ ɦɟɯаɧиɱɟɫɤиɯ иɫɩɵɬаɧиɣ ɩɪɟɞɫɬаɜɥɟ-
ɧɵ ɜ ɬаɛɥ. 2. 

ȼиɞɧɨ, ɱɬɨ ɩɪи ɭɞаɥɟɧии ɩɨɤɪɵɬиɹ и ɩɨɜɬɨɪ-
ɧɨɦ ɟɝɨ ɧаɧɟɫɟɧии ɦɟɯаɧиɱɟɫɤиɟ ɫɜɨɣɫɬɜа ɜɵɫɨ-
ɤɨɩɪɨɱɧɨɣ ɫɬаɥи ɨɫɬаɸɬɫɹ ɩɪаɤɬиɱɟɫɤи ɧа ɭɪɨɜɧɟ 
иɫɯɨɞɧɵɯ ɡɧаɱɟɧиɣ, ɱɬɨ ɫɜиɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɪɟɦɨɧ-
ɬɨɩɪиɝɨɞɧɨɫɬи ɞаɧɧɨɝɨ ɩɨɤɪɵɬиɹ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɨɜɟɞɟɧɧɵɟ иɫɩɵɬаɧиɹ ɨɛɪаɡɰɨɜ 
ɫ ɩɨɤɪɵɬиɹɦи ɜ ɪаɡɥиɱɧɵɯ ɦаɫɥаɯ ɩɨɤаɡаɥи ɨɬ-
ɫɭɬɫɬɜиɟ иɡɦɟɧɟɧиɹ ɦаɫɫɵ ɩɨɤɪɵɬиɹ ɫɜɟɪɯ ɭɫɬа-
ɧɨɜɥɟɧɧɵɯ ɧɨɪɦ, ɱɬɨ ɫɜиɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɞɨɩɭɫɬи-
ɦɨɫɬи иɫɩɨɥɶɡɨɜаɧиɹ ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵɬиɹ 
ɜ ɤɨɧɬаɤɬɟ ɫ ɦаɫɥаɦи ɦаɪɨɤ ȼɇɂɂ ɇɉ 50-1-4ɭ, 
Mobil Turbo 319A и Mobil Jet Oil II. 
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Ɋиɫ. 3. ȼɧɟɲɧиɣ ɜиɞ ɨɛɪаɡɰɨɜ ɫ ɤɨɦɩɨɡиɰиɨɧɧɵɦ ɩɨɤɪɵɬиɟɦ (ȺɏɎɋ – аɥɸɦɨɯɪɨɦɮɨɫɮаɬɧɨɟ ɫɜɹɡɭɸɳɟɟ) 
ɛɟɡ ɲɥиɮɨɜɤи: 

ɚ – иɡɨɛɪаɠɟɧиɟ ɩɨɜɟɪɯɧɨɫɬи ɧɟɲɥиɮɨɜаɧɧɨɝɨ ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵɬиɹ, ɩɨɥɭɱɟɧɧɨɟ ɧа ɅɋɆ ɜ ɪɟɠиɦɟ 
ɥаɡɟɪɧɨɝɨ ɫɤаɧиɪɨɜаɧиɹ (×1000); ɛ – ɫɯɟɦаɬиɱɧɨɟ иɡɨɛɪаɠɟɧиɟ ɫɬɪɨɟɧиɹ ɧɟɲɥиɮɨɜаɧɧɨɝɨ ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ 
ɩɨɤɪɵɬиɹ; ɜ – иɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧиɟ ɞɨ иɫɩɵɬаɧиɣ ɜ ɄɋɌ; ɝ – ɤɨɪɪɨɡиɹ ɫɬаɥɶɧɨɣ ɨɫɧɨɜɵ ɩɨɫɥɟ 2450 ɱ иɫɩɵɬаɧиɣ ɜ ɄɋɌ 

Ɋиɫ. 4. Ɇиɤɪɨɫɬɪɭɤɬɭɪа (×1000) ɲɥиɮа ɤɨɦɩɨɡиɰи-
ɨɧɧɨɝɨ ɩɨɤɪɵɬиɹ, ɩɨɥɭɱɟɧɧаɹ ɧа ɅɋɆ ɜ ɪɟɠиɦɟ ɥаɡɟɪ-
ɧɨɝɨ ɫɤаɧиɪɨɜаɧиɹ 
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Ɋиɫ. 5. ȼɧɟɲɧиɣ ɜиɞ ɨɛɪаɡɰɨɜ ɫɨ ɲɥиɮɨɜаɧɧɵɦ ɤɨɦɩɨɡиɰиɨɧɧɵɦ ɩɨɤɪɵɬиɟɦ (ȺɏɎɋ – аɥɸɦɨɯɪɨɦɮɨɫɮаɬ-
ɧɨɟ ɫɜɹɡɭɸɳɟɟ): 

ɚ – иɡɨɛɪаɠɟɧиɟ ɩɨɜɟɪɯɧɨɫɬи ɲɥиɮɨɜаɧɧɨɝɨ ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵɬиɹ, ɩɨɥɭɱɟɧɧɨɟ ɧа ɅɋɆ ɜ ɪɟɠиɦɟ ɥа-
ɡɟɪɧɨɝɨ ɫɤаɧиɪɨɜаɧиɹ (×1000); ɛ – ɫɯɟɦаɬиɱɧɨɟ иɡɨɛɪаɠɟɧиɟ ɫɬɪɨɟɧиɹ ɲɥиɮɨɜаɧɧɨɝɨ ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵ-
ɬиɹ; ɜ – иɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧиɟ ɞɨ иɫɩɵɬаɧиɣ ɜ ɄɋɌ; ɝ – ɤɨɪɪɨɡиɨɧɧɵɟ иɡɦɟɧɟɧиɹ ɩɨɜɟɪɯɧɨɫɬи ɲɥиɮɨɜаɧɧɨɝɨ ɤɨɦ-
ɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵɬиɹ ɩɨɫɥɟ 2450 ɱ иɫɩɵɬаɧиɣ ɜ ɄɋɌ 

Ɋиɫ. 6. ɂɡɦɟɧɟɧиɟ ɜɨ ɜɪɟɦɟɧи ɩɨɬɟɧɰиаɥа ɜ 
ɪɟɠиɦɟ ɪаɡɨɦɤɧɭɬɨɣ ɰɟɩи ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ 
ɩɨɤɪɵɬиɹ ɧа ɫɬаɥи 30ɏȽɋɇ2ɆȺ (- - -) ɩɪи 
ɜɵɞɟɪɠиɜаɧии ɜ 3%-ɧɨɦ ɪаɫɬɜɨɪɟ NaCl ɫ ɧɟ-
ɲɥиɮɨɜаɧɧɵɦ (○) и ɫɨ ɲɥиɮɨɜаɧɧɵɦ (●) 
ɜɟɪɯɧиɦ ɫɥɨɟɦ ɩɨɤɪɵɬиɹ 
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Ɂɚɤɥɸɱɟɧɢɟ 

Ɋаɡɪаɛɨɬаɧɧɨɟ ɤɨɦɩɨɡиɰиɨɧɧɨɟ ɩɨɤɪɵɬиɟ ɧа 
ɨɫɧɨɜɟ ɮɨɫɮаɬɨɜ и аɥɸɦиɧиɟɜɨɝɨ ɩɨɪɨɲɤа ɦɨɠɟɬ 
ɛɵɬɶ ɩɪиɦɟɧɟɧɨ ɞɥɹ ɡаɳиɬɵ ɨɬ ɤɨɪɪɨɡии ɞɟɬаɥɟɣ иɡ 
ɭɝɥɟɪɨɞиɫɬɵɯ ɫɬаɥɟɣ, ɜ ɬɨɦ ɱиɫɥɟ ɜɵɫɨɤɨɩɪɨɱɧɵɯ, 
эɤɫɩɥɭаɬиɪɭɸɳиɯɫɹ ɜɨ ɜɫɟɤɥиɦаɬиɱɟɫɤиɯ ɭɫɥɨɜиɹɯ 
и ɩɪи ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪаɬɭɪаɯ ɞɨ 460°ɋ. 

ȼ ɧаɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɜɨɞɹɬɫɹ ɞаɥɶɧɟɣɲиɟ 
иɫɫɥɟɞɨɜаɧиɹ ɜ ɰɟɥɹɯ ɫɧиɠɟɧиɹ ɬɟɦɩɟɪаɬɭɪɵ ɨɬ-
ɜɟɪɠɞɟɧиɹ ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵɬиɹ ɧа ɭɝɥɟɪɨ-
ɞиɫɬɵɯ ɫɬаɥɹɯ и ɧаɧɟɫɟɧиɹ ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨ-
ɤɪɵɬиɹ ɧа аɥɸɦиɧиɟɜɵɟ ɫɩɥаɜɵ. 
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ɒɥиɮɨɜаɧиɟ+ɩɟɫɤɨɫɬɪɭɣɧаɹ ɨɛɪаɛɨɬɤа+ 

+ɤɨɦɩɨɡиɰиɨɧɧɨɟ ɩɨɤɪɵɬиɟ ɬɨɥɳиɧɨɣ 

45–60 ɦɤɦ 

550 >3,25·107
 824 113–115 

ɋɧɹɬиɟ ɩɨɤɪɵɬиɹ+ɩɨɜɬɨɪɧɨɟ ɧаɧɟɫɟɧиɟ 
ɤɨɦɩɨɡиɰиɨɧɧɨɝɨ ɩɨɤɪɵɬиɹ 

550 2,16·107÷γ,0·107
 824 95–112 
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