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Ȼɥаɝоɞаɪɹ ɫɜоɢɦ ɮɢɡɢɤо-ɯɢɦɢɱеɫɤɢɦ ɫɜоɣɫɬɜаɦ ɤаɪɛɢɞ ɤɪеɦɧɢɹ (SiC) ɪаɫɫɦаɬɪɢɜаеɬɫɹ ɤаɤ ɧаɢɛоɥее ɩеɪɫɩеɤ-
ɬɢɜɧɵɣ ɦаɬеɪɢаɥ ɜ ɹɞеɪɧоɦ ɦаɬеɪɢаɥоɜеɞеɧɢɢ ɩɪɢ ɢɡɝоɬоɜɥеɧɢɢ оɛоɥоɱеɤ ɌȼɗɅоɜ, ɡаɳɢɬɧɵɯ ɩоɤɪɵɬɢɣ ɢ 
ɞɪɭɝɢɯ ɷɥеɦеɧɬоɜ ɤоɧɫɬɪɭɤɰɢɢ ɹɞеɪɧɵɯ ɪеаɤɬоɪоɜ. Ɉɫɧоɜɧɵɦ ɮаɤɬоɪоɦ, ɫɞеɪɠɢɜаɸɳɢɦ ɩɪаɤɬɢɱеɫɤое ɩɪɢɦе-
ɧеɧɢе SiC, ɹɜɥɹеɬɫɹ оɬɫɭɬɫɬɜɢе ɷɮɮеɤɬɢɜɧɵɯ ɬеɯɧоɥоɝɢɣ ɢɡɝоɬоɜɥеɧɢɹ ɞеɬаɥеɣ ɢ оɫаɠɞеɧɢɹ ɩоɤɪɵɬɢɣ ɧа оɫ-
ɧоɜе ɷɬоɝо ɫоеɞɢɧеɧɢɹ. ɍɱɢɬɵɜаɹ, ɱɬо ɜ ɛɥɢɠаɣɲеɣ ɩеɪɫɩеɤɬɢɜе ɫɬаɧеɬ аɤɬɭаɥɶɧɵɦ ɩоɜɵɲеɧɢе ɞоɥɝоɜеɱɧоɫɬɢ 
ɷɤɫɩɥɭаɬаɰɢɢ ɌȼɗɅоɜ ɜ ɫɬаɰɢоɧаɪɧɵɯ ɢ аɜаɪɢɣɧɵɯ ɪеɠɢɦаɯ, ɜ ɪаɛоɬе ɪаɫɫɦоɬɪеɧɵ ɜоɡɦоɠɧоɫɬɢ ɩоɥɭɱеɧɢɹ 
ɩоɤɪɵɬɢɣ ɧа оɫɧоɜе SiC ɧа ɰɢɪɤоɧɢеɜɵɯ оɛоɥоɱɤаɯ ɌȼɗɅоɜ ɦеɬоɞоɦ ɷɥеɤɬɪоɧɧо-ɥɭɱеɜоɝо оɫаɠɞеɧɢɹ. ɉоɤɪɵ-
ɬɢɹ ɧа оɫɧоɜе SiC, ɫ оɞɧоɣ ɫɬоɪоɧɵ, ɧе ɞоɥɠɧɵ оɤаɡɵɜаɬɶ ɫɭɳеɫɬɜеɧɧоɝо ɜɥɢɹɧɢɹ ɧа ɬеɩɥоɜɵе ɪеɠɢɦɵ ɪаɛоɬɵ 
ɌȼɗɅоɜ, а ɫ ɞɪɭɝоɣ, оɛеɫɩеɱɢɜаɬɶ ɡаɳɢɬɭ ɰɢɪɤоɧɢеɜɵɯ оɛоɥоɱеɤ оɬ ɩаɪоɰɢɪɤоɧɢеɜоɣ ɪеаɤɰɢɢ ɩɪɢ ɢɯ ɧаɝɪеɜе 
ɜ ɩаɪаɯ ɜоɞɵ. ɉɪɢɦеɧеɧɢе ɷɥеɤɬɪоɧɧо-ɥɭɱеɜоɝо оɫаɠɞеɧɢɹ ɩоɤɪɵɬɢɣ оɫɧоɜе SiC ɪаɫɲɢɪɢɬɫɹ, еɫɥɢ ɷɬоɬ ɦеɬоɞ 
оɛеɫɩеɱɢɬ ɜɵɫоɤɭɸ ɫɤоɪоɫɬɶ оɫаɠɞеɧɢɹ ɩоɤɪɵɬɢɣ ɫ ɜɵɫоɤɢɦ ɭɪоɜɧеɦ аɞɝеɡɢɢ, а ɫɬɪɭɤɬɭɪа ɩоɤɪɵɬɢɹ ɩоɡɜо-
ɥɢɬ ɡаɳɢɬɢɬɶ ɰɢɪɤоɧɢеɜɭɸ оɛоɥоɱɤɭ оɬ ɤоɪɪоɡɢɢ ɜ ɩеɪеɝɪеɬоɣ ɜоɞе ɢ ɩɪɢ ɤоɧɬаɤɬе ɫ ее ɩаɪаɦɢ ɩɪɢ ɜɵɫоɤɢɯ 
ɬеɦɩеɪаɬɭɪаɯ. ȼ ɪаɛоɬе ɛɵɥа ɞоɫɬɢɝɧɭɬа ɫɤоɪоɫɬɶ оɫаɠɞеɧɢɹ ɞо 5 ɦɤɦ/ɦɢɧ ɩɭɬеɦ оɩɬɢɦɢɡаɰɢɢ ɫɬɪɭɤɬɭɪɵ 
ɤеɪаɦɢɱеɫɤɢɯ ɦɢɲеɧеɣ ɧа оɫɧоɜе SiC ɢ ɭɫɥоɜɢɣ ɢɯ ɷɥеɤɬɪоɧɧо-ɥɭɱеɜоɝо ɢɫɩаɪеɧɢɹ ɜ ɜаɤɭɭɦе. ɉоɤаɡаɧо, ɱɬо 
ɫоɜɦеɳеɧɢе ɩɪоɰеɫɫа ɷɥеɤɬɪоɧɧо-ɥɭɱеɜоɝо ɢɫɩаɪеɧɢɹ ɫ оɛɪаɛоɬɤоɣ ɩоɞɥоɠɤɢ ɢоɧаɦɢ аɪɝоɧа оɛеɫɩеɱɢɜаеɬ 
ɜɵɫоɤɢɣ ɭɪоɜеɧɶ аɞɝеɡɢɢ ɩɪɢ ɬеɦɩеɪаɬɭɪаɯ оɫаɠɞеɧɢɹ ɧɢɠе 600 �ɋ, а ɬаɤɠе ɫɧɢɠеɧɢе ɫɬеɩеɧɢ ɞеɮеɤɬɧоɫɬɢ 
ɩоɤɪɵɬɢɹ. ɇаɝɪеɜ ɰɢɪɤоɧɢеɜɵɯ оɛоɥоɱеɤ ɫ ɩоɤɪɵɬɢɹɦɢ ɧа оɫɧоɜе SiC ɞо 1200 �ɋ ɜ аɬɦоɫɮеɪе ɩаɪа ɩоɞɬɜеɪɞɢɥ 
ɜоɡɦоɠɧоɫɬɶ ɩоɜɵɲеɧɢɹ ɢɯ ɫɬоɣɤоɫɬɢ ɤ оɤɢɫɥеɧɢɸ. Ȼɢɛɥɢоɝɪ. 36, ɬаɛɥ. 1, ɪɢɫ. 13.
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ȼɜɟɞɟɧɢɟ. Аɜаɪɢɣɧаɹ ɫɢɬɭаɰɢɹ ɧа аɬоɦɧоɣ ɫɬаɧ-
ɰɢɢ Ɏɭɤɭɫɢɦа-1 ɩоɤаɡаɥа, ɱɬо ɰɢɪɤоɧɢеɜɵе ɫɩɥа-
ɜɵ, ɢɫɩоɥɶɡɭеɦɵе ɞɥɹ ɢɡɝоɬоɜɥеɧɢɹ оɛоɥоɱеɤ 
ɌȼɗɅоɜ, ɧеɫɭɬ ɭɝɪоɡɭ ɡаɳɢɬе аɬоɦɧɵɯ ɪеаɤɬоɪоɜ 
оɬ ɪаɡɪɭɲеɧɢɹ, еɫɥɢ ɰɢɪɤоɧɢеɜɵе ɫɩɥаɜɵ ɧеɤоɧ-
ɬɪоɥɢɪɭеɦо ɧаɝɪеɜаɸɬɫɹ ɞо ɜɵɫоɤɢɯ ɬеɦɩеɪаɬɭɪ ɜ 
аɬɦоɫɮеɪе ɜоɞɹɧоɝо ɩаɪа, ɱɬо ɫоɡɞаеɬ ɭɫɥоɜɢɹ ɞɥɹ 
ɢɧɢɰɢɢɪоɜаɧɢɹ ɩаɪоɰɢɪɤоɧɢеɜоɣ ɪеаɤɰɢɢ, ɩɪɢɜо-
ɞɹɳеɣ ɤ оɛɪаɡоɜаɧɢɸ ɜоɞоɪоɞа. 

ɋоɝɥаɫɧо оɬɱеɬɭ ɋоɜеɬа ɩо ɡаɳɢɬе ɩɪɢɪоɞɧɵɯ 
ɪеɫɭɪɫоɜ (The Natural Resources Defense Council) 
ɡа 2014 ɝ. >1@ ɞɥɹ ɢɫɤɥɸɱеɧɢɹ оɛɪаɡоɜаɧɢɹ ɜоɞо-
ɪоɞа ɜ ɪеаɤɬоɪе ɧеоɛɯоɞɢɦо ɡаɦеɧɢɬɶ ɰɢɪɤоɧɢ-
еɜɵе ɫɩɥаɜɵ ɧа ɦаɬеɪɢаɥɵ, ɤоɬоɪɵе ɧе ɦоɝɭɬ 
ɜɫɬɭɩаɬɶ ɜ ɪеаɤɰɢɸ ɫ ɩаɪаɦɢ ɜоɞɵ ɩɪɢ ɜɵɫоɤɢɯ 
ɬеɦɩеɪаɬɭɪаɯ, ɬаɤɢе, ɧаɩɪɢɦеɪ, ɤаɤ ɤаɪɛɢɞ ɤɪеɦ-
ɧɢɹ, ɦоɥɢɛɞеɧоɜɵе, ɦоɥɢɛɞеɧоɰɢɪɤоɧɢеɜɵе ɢɥɢ 
ɠеɥеɡоɯɪоɦоаɥɸɦɢɧɢеɜɵе ɫɩɥаɜɵ. ɇаɢɛоɥее ɩеɪ-
ɫɩеɤɬɢɜɧɵɦ ɦаɬеɪɢаɥоɦ ɜ ɷɬоɦ ɩеɪеɱɧе ɫɱɢɬаеɬɫɹ 

ɤаɪɛɢɞ ɤɪеɦɧɢɹ. ȼɦеɫɬе ɫ ɬеɦ, ɩɪеɞɜаɪɢɬеɥɶɧаɹ 
оɰеɧɤа ɜоɡɦоɠɧоɫɬɢ ɪеɲеɧɢɹ ɷɬоɣ ɤоɦɩɥеɤɫɧоɣ 
ɩɪоɛɥеɦɵ ɡа ɫɱеɬ ɪаɡɪаɛоɬɤɢ ɧоɜɵɯ ɦаɬеɪɢаɥоɜ 
ɞɥɹ оɛоɥоɱеɤ ɌȼɗɅоɜ ɩоɤаɡаɥа, ɱɬо ɷɬо ɬɪеɛɭеɬ 
ɡɧаɱɢɬеɥɶɧɵɯ ɡаɬɪаɬ ɢ ɞɥɢɬеɥɶɧɵɯ ɢɫɩɵɬаɧɢɣ. 
ɇаɢɛоɥее ɷɮɮеɤɬɢɜɧɵɦ ɩɭɬеɦ ɪеɲеɧɢɹ ɜ ɛɥɢ-
ɠаɣɲеɣ ɩеɪɫɩеɤɬɢɜе ɫɱɢɬаеɬɫɹ ɢɫɩоɥɶɡоɜаɧɢе 
ɩоɤɪɵɬɢɣ >2@, ɫɩоɫоɛɧɵɯ оɛеɫɩеɱɢɬɶ ɡаɳɢɬɭ 
ɰɢɪɤоɧɢеɜɵɯ оɛоɥоɱеɤ ɌȼɗɅоɜ оɬ ɪеаɤɰɢоɧɧоɝо 
ɜɡаɢɦоɞеɣɫɬɜɢɹ ɫ ɩаɪоɦ ɩɪɢ аɜаɪɢɣɧɵɯ ɪеɠɢɦаɯ 
ɪаɛоɬɵ ɪеаɤɬоɪа. ɉɪоɝɪаɦɦа ɩоɢɫɤоɜɵɯ ɪаɛоɬ 
ATF-2013 (Westinghouse Accident Tolerant Fuel 
Program) >3@ ɩɪеɞɭɫɦаɬɪɢɜаеɬ, ɧаɩɪɢɦеɪ, ɩоɜɵɲе-
ɧɢе ɤоɪɪоɡɢоɧɧоɣ ɫɬоɣɤоɫɬɢ ɰɢɪɤоɧɢеɜɵɯ ɫɩɥа-
ɜоɜ ɩɭɬеɦ ɧаɧеɫеɧɢɹ ɩоɤɪɵɬɢɣ Ti2AlC ɢ NanoSteel 
S+S �172. 

ȼ ɤаɱеɫɬɜе ɡаɳɢɬɧоɝо ɦаɬеɪɢаɥа ɞɥɹ оɫаɠɞе-
ɧɢɹ ɧа оɛоɥоɱɤɢ ɌȼɗɅоɜ ɪаɫɫɦаɬɪɢɜаеɬɫɹ ɬаɤɠе 
ɧɢɬɪɢɞ ɬɢɬаɧа, ɤ ɧеɞоɫɬаɬɤаɦ ɤоɬоɪоɝо ɫɥеɞɭеɬ оɬ-
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ɧеɫɬɢ ɬо, ɱɬо ɩɪɢ ɬеɦɩеɪаɬɭɪаɯ ɜɵɲе 550 �ɋ TiN 
ɫɬаɧоɜɢɬɫɹ ɧеɫɬаɛɢɥɶɧɵɦ ɢ ɧе ɦоɠеɬ ɩɪеɞоɬɜɪа-
ɬɢɬɶ оɤɢɫɥеɧɢе ɰɢɪɤоɧɢɹ. Ȼоɥее ɩеɪɫɩеɤɬɢɜɧɵɦ 
ɹɜɥɹеɬɫɹ ɩоɤɪɵɬɢе (Ti±Al)N, ɜɵɞеɪɠɢɜаɸɳее 
ɬеɦɩеɪаɬɭɪɭ 800 �ɋ >4, 5@, ɢɥɢ ɫɥоɠɧое ɩоɤɪɵɬɢе 
Ni±TiAlN >6@, ɭɫɬоɣɱɢɜое ɢ ɩɪɢ ɛоɥее ɜɵɫоɤɢɯ 
ɬеɦɩеɪаɬɭɪаɯ. ɂɫɫɥеɞоɜаɧɢɹ ɷɬɢɯ ɩоɤɪɵɬɢɣ >7@ 
ɩоɤаɡаɥɢ, ɱɬо ɩоɤɪɵɬɢе Ti0,35Al0,65N, оɫаɠɞеɧɧое 
ɧа ɩоɥɢɪоɜаɧɧɵе оɛɪаɡɰɵ ɜ ɜɢɞе ɬɪɭɛɤɢ ɢɡ ɫɩɥа-
ɜа Zircaloy-4, ɩоɥɧоɫɬɶɸ ɢɫɤɥɸɱɢɥо ɩоɜɪеɠɞеɧɢе 
оɛɪаɡɰоɜ ɜ ɫɜеɪɯɤɪɢɬɢɱеɫɤɢɯ ɭɫɥоɜɢɹɯ ɩɪɢ ɤоɧ-
ɬаɤɬе ɫ ɜоɞоɣ, ɜ ɬо ɜɪеɦɹ ɤаɤ ɤоɧɬɪоɥɶɧɵе оɛɪаɡ-
ɰɵ ɛеɡ ɩоɤɪɵɬɢɹ ɛɵɥɢ ɫɢɥɶɧо оɤɢɫɥеɧɵ, а ɤоɪɪо-
ɡɢɹ ɩɪɢɜеɥа ɤ ɢɯ ɩоɥɧоɣ ɧеɩɪɢɝоɞɧоɫɬɢ. ȼ ɪаɛоɬе 
>8@ TiAlN ɩоɤɪɵɬɢе ɬоɥɳɢɧоɣ 10 ɦɤɦ ɛɵɥо ɩоɥɭ-
ɱеɧо ɦеɬоɞоɦ ɷɥеɤɬɪоɧɧо-ɞɭɝоɜоɝо оɫаɠɞеɧɢɹ ɧа 
ɫɩеɰɢаɥɶɧɵе ɩоɞɥоɠɤɢ ɢɡ ɫɩɥаɜа Zr±Nb±Sn±Fe 
ɞɥɹ ɢɡɭɱеɧɢɹ ɜоɡɦоɠɧоɫɬеɣ ɩоɜɵɲеɧɢɹ ɤоɪɪоɡɢ-
оɧɧоɣ ɫɬоɣɤоɫɬɢ ɩоɤɪɵɬɢɹ ɤаɤ ɜ ɭɫɥоɜɢɹɯ ɧоɪ-
ɦаɥɶɧоɣ ɷɤɫɩɥɭаɬаɰɢɢ ɜ ɜоɞооɯɥаɠɞаеɦоɦ ɪеаɤɬо-
ɪе, ɬаɤ ɢ ɜ ɤɪɢɬɢɱеɫɤɢɯ ɭɫɥоɜɢɹɯ ɩɪɢ оɬɫɭɬɫɬɜɢɢ 
ɜоɞɵ. ɉɪɢ ɷɬоɦ оɰеɧɢɜаɥɢ ɜɥɢɹɧɢе ɦеɯаɧɢɱеɫɤɢɯ 
ɧаɩɪɹɠеɧɢɣ, ɜоɡɧɢɤаɸɳɢɯ ɧа ɝɪаɧɢɰе ɪаɡɞеɥа ɩо-
ɤɪɵɬɢе±ɩоɞɥоɠɤа. Ȼɵɥо оɬɦеɱеɧо, ɱɬо ɩɪɢ оɫаɠ-
ɞеɧɢɢ ɞаɧɧɵɦ ɦеɬоɞоɦ ɢɫɩаɪɹеɦɵɣ ɢɡ ɦɢɲеɧɢ 
ɩоɬоɤ аɬоɦоɜ ɱаɫɬɢɱɧо ɢоɧɢɡɢɪɭеɬɫɹ ɜ оɛɥаɫɬɢ 
ɞɭɝɢ, а ɷɧеɪɝɢɹ ɢоɧоɜ ɦоɠеɬ ɞоɫɬɢɝаɬɶ 50...150 ɷȼ. 
ɇеɫɦоɬɪɹ ɧа ɬо, ɱɬо ɷɬо ɞаеɬ ɜоɡɦоɠɧоɫɬɶ ɩоɥɭ-
ɱаɬɶ ɩɥоɬɧɵе ɩоɤɪɵɬɢɹ, ɢɫɩоɥɶɡɭеɦɵɣ ɦеɬоɞ ɢɦе-
еɬ ɫɭɳеɫɬɜеɧɧɵɣ ɧеɞоɫɬаɬоɤ, а ɢɦеɧɧо: ɜ ɩоɤɪɵ-
ɬɢɢ ɩɪɢɫɭɬɫɬɜɭɸɬ оɬɧоɫɢɬеɥɶɧо ɤɪɭɩɧɵе ɱаɫɬɢɰɵ 
ɦаɬеɪɢаɥа ɦɢɲеɧɢ, а ɬаɤɠе ɦеɥɤɢе ɤаɩɥɢ. Меɬоɞ 
ɷɥеɤɬɪоɧɧо-ɞɭɝоɜоɝо оɫаɠɞеɧɢɹ ɩɪɢɦеɧɹɥɢ ɬаɤɠе 
ɞɥɹ ɩоɥɭɱеɧɢɹ ɦɧоɝоɫɥоɣɧɵɯ ɩоɤɪɵɬɢɣ Cr±Zr/
Cr/Cr±N ɫ ɰеɥɶɸ ɡаɳɢɬɵ ɰɢɪɤоɧɢеɜɵɯ ɫɩɥаɜоɜ оɬ 
ɜɵɫоɤоɬеɦɩеɪаɬɭɪɧоɝо оɤɢɫɥеɧɢɹ ɧа ɜоɡɞɭɯе >�, 
10@. Ɍеɫɬɢɪоɜаɧɢе ɩɪоɜоɞɢɥɢ ɩɪɢ 660...1100 �ɋ ɜ 
ɬеɱеɧɢе 1 ɱ. ȼ ɪеɡɭɥɶɬаɬе оɤɢɫɥеɧɢɹ ɜ ɩоɤɪɵɬɢɢ 
оɛɪаɡɭɸɬɫɹ оɤɫɢɞɵ CrO ɢ Cr2 O 3 ɬоɥɳɢɧоɣ оɤоɥо 
5 ɦɤɦ, ɤоɬоɪɵе ɫɭɳеɫɬɜеɧɧо ɩоɞаɜɥɹɸɬ ɩɪоɧɢɤ-
ɧоɜеɧɢе ɤɢɫɥоɪоɞа ɱеɪеɡ ɩоɤɪɵɬɢе. ɋɥеɞоɜаɬеɥɶ-
ɧо, ɬɜеɪɞɵе ɦɧоɝоɫɥоɣɧɵе ɩоɤɪɵɬɢɹ ɹɜɥɹɸɬɫɹ 
ɷɮɮеɤɬɢɜɧоɣ ɡаɳɢɬоɣ ɰɢɪɤоɧɢɹ оɬ оɤɢɫɥеɧɢɹ.

Ⱦɪɭɝоɣ ɜаɪɢаɧɬ ɦɧоɝоɫɥоɣɧоɝо ɩоɤɪɵɬɢɹ ɧа 
ɩоɜеɪɯɧоɫɬɢ ɰɢɪɤоɧɢɹ, ɩоɥɭɱеɧɧоɝо ɜаɤɭɭɦɧо-ɞɭ-
ɝоɜɵɦ ɦеɬоɞоɦ, ² ɷɬо ɞɜɭɯɫɥоɣɧое ɩоɤɪɵɬɢе 
ZrCr/CrN ɬоɥɳɢɧоɣ ɩɪɢɦеɪɧо 7 ɦɤɦ. Ʉаɤ ɛɵɥо 
оɬɦеɱеɧо ɜ ɪаɛоɬе >11@, ɩоɤɪɵɬɢе ɢɦееɬ ɜɵɫоɤɭɸ 
ɧаɧоɬɜеɪɞоɫɬɶ (27 Ƚɉа) ɢ ɢɡɧоɫоɫɬоɣɤоɫɬɶ. ɉоɫɥе 
ɜɵɫоɤоɬеɦɩеɪаɬɭɪɧоɝо оɬɠɢɝа ɜ ɬеɱеɧɢе 1 ɱ оɤɢɫ-
ɥеɧɢе оɛɪаɡɰа ɛеɡ ɩоɤɪɵɬɢɹ ɜоɡɪаɫɬаɥо ɧаɱɢɧаɹ 
ɫ �00 �ɋ, ɜ ɬо ɜɪеɦɹ ɤаɤ оɛɪаɡɰɵ ɫ ɩоɤɪɵɬɢɹɦɢ 
ɩɪаɤɬɢɱеɫɤɢ ɧе оɤɢɫɥɹɥɢɫɶ ɞаɠе ɩɪɢ ɬеɦɩеɪаɬɭɪе 
1100 �ɋ. ɗɬɢ ɠе аɜɬоɪɵ ɢɫɫɥеɞоɜаɥɢ Cr, Cr±N ɢ 

Cr2O 3 ɩоɤɪɵɬɢɹ ɧа ɜɡаɢɦоɞеɣɫɬɜɢе ɫ ɩɭɱɤоɦ ɞеɣ-
ɬеɪɢɹ ɫ ɷɧеɪɝɢеɣ 15 ɤɷȼ >12@ ɢ ɩɪɢɲɥɢ ɤ ɜɵɜоɞɭ, 
ɱɬо оɧɢ ɫɥɭɠаɬ ɧаɞеɠɧɵɦ ɛаɪɶеɪоɦ ɢ ɡаɳɢɳаɸɬ 
ɰɢɪɤоɧɢɣ оɬ еɝо ɜɡаɢɦоɞеɣɫɬɜɢɹ ɫ ɞеɣɬеɪɢеɦ.

Ɉɫаɠɞеɧɢеɦ ɢɡ ɩɥаɡɦɵ ɞɭɝоɜоɝо ɪаɡɪɹɞа ɩоɥɭ-
ɱаɥɢ ɬаɤɠе ɦɧоɝоɫɥоɣɧɵе Zr/ZrN ɩоɤɪɵɬɢɹ >13@. 
ɇɢɬɪɢɞ ɰɢɪɤоɧɢɹ ² ɯɢɦɢɱеɫɤɢ ɫɬаɛɢɥɶɧɵɣ ɦаɬе-
ɪɢаɥ, оɧ ɢɦееɬ ɜɵɫоɤɭɸ ɬеɦɩеɪаɬɭɪɭ ɩɥаɜɥеɧɢɹ, 
оɛɥаɞаеɬ ɩоɜɵɲеɧɧоɣ ɬɜеɪɞоɫɬɶɸ ɢ ɭɫɬоɣɱɢɜо-
ɫɬɶɸ ɤ ɤоɪɪоɡɢɢ. ȼ ɬо ɠе ɜɪеɦɹ, ɜ ɬоɥɫɬɵɯ ɩоɤɪɵ-
ɬɢɹɯ ɫоɡɞаɸɬɫɹ ɩоɜɵɲеɧɧɵе ɜɧɭɬɪеɧɧɢе ɦеɯа-
ɧɢɱеɫɤɢе ɧаɩɪɹɠеɧɢɹ, ɤоɬоɪɵе оɛɭɫɥоɜɥɢɜаɸɬ 
ɜɵɫоɤɭɸ ɯɪɭɩɤоɫɬɶ ɩоɤɪɵɬɢɣ. Ȼɵɥо ɩоɥɭɱеɧо 
ɦɧоɝоɫɥоɣɧое ɩоɤɪɵɬɢе ɫ ɱеɪеɞоɜаɧɢеɦ ɬоɧɤɢɯ 
ɩɥаɫɬɢɱеɫɤɢɯ ɫɥоеɜ ɱɢɫɬоɝо ɰɢɪɤоɧɢɹ ɢ ɬоɧɤɢɯ 
ɬɜеɪɞɵɯ ɫɥоеɜ ɧɢɬɪɢɞа ɰɢɪɤоɧɢɹ. Ɍаɤое ɩоɤɪɵ-
ɬɢе ɢɦееɬ ɜɵɫоɤɭɸ аɞɝеɡɢɸ ɤаɤ ɤ ɩоɞɥоɠɤе, ɬаɤ 
ɢ ɦеɠɞɭ ɫɥоɹɦɢ, ɱɬо ɫɭɳеɫɬɜеɧɧо ɫɧɢɠаеɬ ɜɧɭ-
ɬɪеɧɧɢе ɦеɯаɧɢɱеɫɤɢе ɧаɩɪɹɠеɧɢɹ, ɫɩоɫоɛɫɬɜɭ-
еɬ ɩоɞаɜɥеɧɢɸ ɬɪеɳɢɧооɛɪаɡоɜаɧɢɹ ɢ, ɤаɤ ɫɥеɞ-
ɫɬɜɢе, ɩоɜɵɲаеɬ еɝо ɬɜеɪɞоɫɬɶ ɢ ɤоɪɪоɡɢоɧɧɭɸ 
ɫɬоɣɤоɫɬɶ.

ȼ ɪаɛоɬе >14@ ɦеɬоɞоɦ ɞɭɝоɜоɣ ɧаɩɥаɜɤɢ ɛɵɥɢ 
ɩоɥɭɱеɧɵ ɩоɤɪɵɬɢɹ ɧа оɫɧоɜе Al3Ti±Al±25Ti±10Cr 
ɢ Al±21Ti±23Cr, ɯаɪаɤɬеɪɢɡɭɸɳɢеɫɹ оɱеɧɶ ɧɢɡ-
ɤɢɦ ɭɪоɜɧеɦ оɤɢɫɥеɧɢɹ ɩɪɢ оɬɠɢɝе ɩɪɢ ɬеɦɩеɪа-
ɬɭɪе 1200 �ɋ ɜ ɬеɱеɧɢе 2 ɱ ɜ ɫɪеɞе ɜоɞɹɧоɝо ɩаɪа. 
ɉɪɢ ɷɬоɦ ɧа ɩоɜеɪɯɧоɫɬɢ оɛоɢɯ ɩоɤɪɵɬɢɣ ɛɵɥо 
ɡаɦеɱеɧо оɛɪаɡоɜаɧɢе оɤɫɢɞа аɥɸɦɢɧɢɹ (Аl2O 3). 
Аɜɬоɪɵ ɩɪɢɲɥɢ ɤ ɡаɤɥɸɱеɧɢɸ, ɱɬо ɫɩɥаɜɵ ɬаɤоɝо 
ɬɢɩа ɦоɝɭɬ ɢɦеɬɶ ɧеɩɥоɯɭɸ ɩеɪɫɩеɤɬɢɜɭ ɜ ɤаɱе-
ɫɬɜе ɡаɳɢɬɵ ɩоɜеɪɯɧоɫɬɢ ɰɢɪɤоɧɢеɜɵɯ ɬɪɭɛоɤ.

ȼ ɫɜоɸ оɱеɪеɞɶ, аɜɬоɪɵ ɪаɛоɬɵ >15@ ɩоɥа-
ɝаɸɬ, ɱɬо Al2 O 3, оɛɪаɡɭɸɳɢɣɫɹ ɩɪɢ ɧаɧеɫеɧɢɢ 
ɫɩɥаɜа Fe±Cr±Al ɧа ɩоɜеɪɯɧоɫɬɶ ɰɢɪɤоɧɢɹ, 
ɬаɤɠе ɹɜɥɹеɬɫɹ ɞɢɮɮɭɡɧɵɦ ɛаɪɶеɪоɦ ɞɥɹ ɩɪо-
ɧɢɤɧоɜеɧɢɹ ɤɢɫɥоɪоɞа ɤ ɰɢɪɤоɧɢɸ. Ɉɛɪаɡɰɵ ɫ 
ɩоɤɪɵɬɢеɦ ɛɵɥɢ ɢɫɩɵɬаɧɵ ɩɪɢ 800...1200 �ɋ ɜ 
ɫɪеɞе ɜоɞɹɧоɝо ɩаɪа ɫ ɜɵɫоɤɢɦ ɞаɜɥеɧɢеɦ ɢ ɩо-
ɤаɡаɥɢ оɱеɧɶ ɧɢɡɤɭɸ ɤɢɧеɬɢɤɭ оɤɢɫɥеɧɢɹ ɰɢɪ-
ɤоɧɢɹ. Аɧаɥоɝɢɱɧɵе ɪеɡɭɥɶɬаɬɵ ɛɵɥɢ ɩоɥɭɱеɧɵ 
ɧа ɩоɤɪɵɬɢɹɯ ɧа оɫɧоɜе SiC.

Ʉаɤ ɭɠе ɛɵɥо оɬɦеɱеɧо, ɧаɢɛоɥее ɩеɪɫɩеɤɬɢɜ-
ɧɵɦɢ ɞɥɹ ɩɪɢɦеɧеɧɢɹ ɜ ɤоɧɫɬɪɭɤɰɢɹɯ ɷɥеɦеɧ-
ɬоɜ ɹɞеɪɧɵɯ ɪеаɤɬоɪоɜ ɫɱɢɬаɸɬɫɹ ɤеɪаɦɢɱеɫɤɢе 
ɦаɬеɪɢаɥɵ ɧа оɫɧоɜе ɤаɪɛɢɞа ɤɪеɦɧɢɹ >16±18@. 
Ʉ ɩɪеɢɦɭɳеɫɬɜаɦ ɢɯ ɢɫɩоɥɶɡоɜаɧɢɹ оɬɧоɫɹɬ, ɜ 
ɩеɪɜɭɸ оɱеɪеɞɶ, ɫɩоɫоɛɧоɫɬɶ ɪаɛоɬаɬɶ ɩɪɢ ɛоɥее 
ɜɵɫоɤɢɯ ɬеɦɩеɪаɬɭɪаɯ, ɱеɦ ɦеɬаɥɥɢɱеɫɤɢе ɫɩɥа-
ɜɵ, ɧеɛоɥɶɲое ɤоɥɢɱеɫɬɜо оɛɪаɡɭɸɳɢɯɫɹ ɜ ɧɢɯ 
ɩɪɢ оɛɥɭɱеɧɢɢ ɞоɥɝоɠɢɜɭɳɢɯ ɢɡоɬоɩоɜ, ɜɵɫоɤɭɸ 
ɭɫɬоɣɱɢɜоɫɬɶ ɤ ɧеɣɬɪоɧɧоɦɭ оɛɥɭɱеɧɢɸ. ȼɦе-
ɫɬе ɫ ɬеɦ, ɩɪɢɦеɧеɧɢе ɩоɤɪɵɬɢɣ ɧа оɫɧоɜе SiC ɜ 
ɡɧаɱɢɬеɥɶɧоɣ ɫɬеɩеɧɢ ɫɞеɪɠɢɜаеɬɫɹ оɬɫɭɬɫɬɜɢеɦ 
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ɦеɬоɞоɜ ɢɯ оɫаɠɞеɧɢɹ, ɫ ɩоɦоɳɶɸ ɤоɬоɪɵɯ ɦоɠ-
ɧо ɛɵɥо ɛɵ ɫоɡɞаɜаɬɶ ɡаɳɢɬɧɵе ɩоɤɪɵɬɢɹ ɧа ɩо-
ɜеɪɯɧоɫɬɢ оɛоɥоɱеɤ ɌȼɗɅоɜ. ɉоɫɤоɥɶɤɭ оɛоɥоɱ-
ɤа ɌȼɗɅа ɢɦееɬ ɡɧаɱɢɬеɥɶɧɭɸ ɩɪоɬɹɠеɧɧоɫɬɶ, а 
ɫɬɪɭɤɬɭɪа ɰɢɪɤоɧɢеɜоɝо ɫɩɥаɜа ɧе ɩоɡɜоɥɹеɬ ɧа-
ɝɪеɜаɬɶ еɝо ɞо ɜɵɫоɤɢɯ ɬеɦɩеɪаɬɭɪ, ɦеɬоɞ оɫаɠ-
ɞеɧɢɹ ɩоɤɪɵɬɢɣ ɞоɥɠеɧ ɢɦеɬɶ ɧе ɬоɥɶɤо ɜɵɫоɤɭɸ 
ɩɪоɢɡɜоɞɢɬеɥɶɧоɫɬɶ, ɧо ɢ оɛеɫɩеɱɢɜаɬɶ ɜоɡɦоɠ-
ɧоɫɬɶ аɞɝеɡɢɢ ɩоɤɪɵɬɢɹ ɧа ɩоɜеɪɯɧоɫɬɢ оɛоɥоɱɤɢ 
ɩɪɢ оɬɧоɫɢɬеɥɶɧо ɧɢɡɤɢɯ ɬеɦɩеɪаɬɭɪаɯ ее ɧаɝɪеɜа 
(ɧɢɠе 600 �ɋ).

Ⱦɥɹ ɫɪаɜɧеɧɢɹ оɫɧоɜɧɵе ɯаɪаɤɬеɪɢɫɬɢɤɢ ɩɪо-
ɰеɫɫоɜ оɫаɠɞеɧɢɹ ɩоɤɪɵɬɢɣ SiC ɫ ɩоɦоɳɶɸ ɫɭɳе-
ɫɬɜɭɸɳɢɯ ɦеɬоɞоɜ ɭɤаɡаɧɵ ɜ ɬаɛɥɢɰе >16, 1�±26@.

ȼɢɞɧо, ɱɬо ɩɪɢ ɩɪɢɦеɧеɧɢɢ ɜɵɫоɤоɬеɦɩеɪа-
ɬɭɪɧɵɯ ɩɪоɰеɫɫоɜ (ɯɢɦɢɱеɫɤоɝо оɫаɠɞеɧɢɹ ɢɡ ɩа-
ɪоɜ ɫ ɢɫɩоɥɶɡоɜаɧɢеɦ ɜɵɫоɤоɱаɫɬоɬɧоɣ ɬеɪɦɢɱе-
ɫɤоɣ ɩɥаɡɦɵ (CVD � RF thermal plasma) >1�@, CVD 
>20@ ɢ ɬеɪɦоɩɥаɡɦеɧɧоɝо оɫаɠɞеɧɢɹ (ɌɊ PVD) 
>24@) ɫɤоɪоɫɬɶ оɫаɠɞеɧɢɹ ɦоɠеɬ ɞоɫɬɢɝаɬɶ � ɦɤɦ/
ɦɢɧ. ȼ ɩоɫɥеɞɧеɦ ɫɥɭɱае ɷɬо ɩоɡɜоɥɹеɬ ɩоɥɭɱɢɬɶ 
ɞоɫɬаɬоɱɧо ɬоɥɫɬɵе ɩоɤɪɵɬɢɹ (ɞо 200 ɦɤɦ), ɧо 
ɧеоɛɯоɞɢɦоɫɬɶ ɧаɝɪеɜа ɩоɞɥоɠɤɢ ɞо ɜɵɫоɤɢɯ ɬеɦ-
ɩеɪаɬɭɪ (1000...1700 �ɋ) ɢɫɤɥɸɱаеɬ ɜоɡɦоɠɧоɫɬɶ 
ɩɪɢɦеɧеɧɢɹ ɷɬоɝо ɫɩоɫоɛа ɞɥɹ ɩоɥɭɱеɧɢɹ ɩоɤɪɵ-
ɬɢɣ SiC ɧа ɩоɜеɪɯɧоɫɬɢ оɛоɥоɱеɤ ɌȼɗɅоɜ.

Ⱦɥɹ ɧɢɡɤоɬеɦɩеɪаɬɭɪɧɵɯ ɩɪоɰеɫɫоɜ (ɪаɫɩɵɥе-
ɧɢɹ ɫ ɢоɧɧɵɦ ɩеɪеɦеɲɢɜаɧɢеɦ (IBSD) >16@, ɜɵɫо-
ɤоɱаɫɬоɬɧоɝо ɦаɝɧеɬɪоɧɧоɝо ɪаɫɩɵɥеɧɢɹ ɩаɪоɜɵɯ 
ɩоɬоɤоɜ (PVD (RF magnetron) >22@, ɪаɫɩɵɥеɧɢɹ 
ɫɞɜоеɧɧɵɦ ɢоɧɧɵɦ ɩɭɱɤоɦ (DIBSD) >23@, оɫаɠ-

ɞеɧɢɹ ɫ ɩɪɢɦеɧеɧɢеɦ ɢɦɩɭɥɶɫɧоɝо ɥаɡеɪа ɦаɥоɣ 
ɦоɳɧоɫɬɢ ɞɥɹ ɢɫɩаɪеɧɢɹ ɦɢɲеɧɢ (LEPLD) >26@) 
ɯаɪаɤɬеɪɧɵ ɦаɤɫɢɦаɥɶɧɵе ɫɤоɪоɫɬɢ оɫаɠɞеɧɢɹ ɞо 
0,1 ɦɤɦ/ɦɢɧ, ɱɬо ɬаɤɠе ɹɜɥɹеɬɫɹ ɧеɩɪɢеɦɥеɦɵɦ 
ɞɥɹ ɩɪаɤɬɢɱеɫɤоɝо ɩɪɢɦеɧеɧɢɹ.

Ʉаɤ ɩоɤаɡɵɜаеɬ ɩɪаɤɬɢɤа, ɜɵɫоɤɭɸ ɫɤоɪоɫɬɶ 
ɩоɥɭɱеɧɢɹ ɩоɤɪɵɬɢɣ ɫ ɞоɫɬаɬоɱɧо ɫоɜеɪɲеɧɧоɣ 
ɦɢɤɪоɫɬɪɭɤɬɭɪоɣ >27@ ɦоɠɧо оɛеɫɩеɱɢɬɶ ɩɪɢ ɩɪɢ-
ɦеɧеɧɢɢ ɦеɬоɞа ɷɥеɤɬɪоɧɧо-ɥɭɱеɜоɝо оɫаɠɞеɧɢɹ, 
оɞɧаɤо ɩɪɢ ɷɬоɦ ɜ ɩɪоɰеɫɫе ɢɫɩаɪеɧɢɹ ɤаɪɛɢɞа 
ɤɪеɦɧɢɹ ɢɡ-ɡа еɝо ɱаɫɬɢɱɧоɣ ɞɢɫɫоɰɢаɰɢɢ ɬɪɭɞɧо 
ɫоɡɞаɬɶ ɭɫɥоɜɢɹ ɞɥɹ ɜɵɫоɤоɫɤоɪоɫɬɧоɝо оɫаɠɞе-
ɧɢɹ ɬаɤɢɯ ɩоɤɪɵɬɢɣ ɫɬеɯɢоɦеɬɪɢɱеɫɤоɝо ɫоɫɬаɜа 
>28, 2�@.

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɞаɧɧоɣ ɪаɛоɬе ɛɵɥа ɩоɫɬаɜɥе-
ɧа ɡаɞаɱа ɢɡɭɱɢɬɶ ɜоɡɦоɠɧоɫɬɶ ɩоɜɵɲеɧɢɹ ɢɧɬеɧ-
ɫɢɜɧоɫɬɢ ɷɥеɤɬɪоɧɧо-ɥɭɱеɜоɝо ɢɫɩаɪеɧɢɹ ɤаɪɛɢɞа 
ɤɪеɦɧɢɹ ɜ ɜаɤɭɭɦе ɫ ɰеɥɶɸ ɪаɡɪаɛоɬɤɢ ɜɵɫоɤоɫɤо-
ɪоɫɬɧоɝо ɫɩоɫоɛа ɩоɥɭɱеɧɢɹ ɩоɤɪɵɬɢɣ ɧа еɝо оɫ-
ɧоɜе ɧа ɰɢɪɤоɧɢеɜɵɯ оɛоɥоɱɤаɯ ɩɪɢ ɬеɦɩеɪаɬɭɪаɯ 
оɫаɠɞеɧɢɹ ɧɢɠе 600 �ɋ ɢ оɰеɧɢɬɶ ɢɯ ɫɩоɫоɛɧоɫɬɶ 
ɤ ɩоɜɵɲеɧɢɸ ɤоɪɪоɡɢоɧɧоɣ ɫɬоɣɤоɫɬɢ ɰɢɪɤоɧɢ-
еɜɵɯ ɫɩɥаɜоɜ ɩɪɢ ɤоɧɬаɤɬе ɫ ɜоɞɹɧɵɦ ɩаɪоɦ ɩɪɢ 
ɜɵɫоɤɢɯ ɬеɦɩеɪаɬɭɪаɯ.

Мɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. ɉоɤɪɵɬɢе SiC ɩоɥɭ-
ɱаɥɢ ɦеɬоɞоɦ ɷɥеɤɬɪоɧɧо-ɥɭɱеɜоɝо ɢɫɩаɪеɧɢɹ 
ɜ ɜаɤɭɭɦе >28@ ɤеɪаɦɢɱеɫɤоɣ ɦɢɲеɧɢ ɧа оɫɧоɜе 
SiC ɫ оɫаɠɞеɧɢеɦ ɩаɪоɜоɝо ɩоɬоɤа ɧа ɰɢɪɤоɧɢе-
ɜɭɸ ɩоɞɥоɠɤɭ, ɪаɫɩоɥоɠеɧɧɭɸ ɜ ɝоɪɢɡоɧɬаɥɶɧоɣ 
ɩɥоɫɤоɫɬɢ ɧаɞ ɢɫɩаɪɢɬеɥеɦ (ɪɢɫ. 1). Ⱦɥɹ оɫаɠɞе-
ɧɢɹ ɩоɤɪɵɬɢɹ ɩо ɜɫеɣ ɩоɜеɪɯɧоɫɬɢ ɩоɞɥоɠɤɢ ее 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɨɫɚɠɞɟɧɢɹ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ 6i&

Мɟɬɨɞ Мɚɬɟɪɢɚɥɵ Ɍɟɦɩɟɪɚɬɭɪɚ 
ɨɫɚɠɞɟɧɢɹ� �ɋ

ɋɤɨɪɨɫɬɶ 
ɨɫɚɠɞɟɧɢɹ� 

ɦɤɦ�ɦɢɧ

Ɍɨɥɳɢɧɚ 
ɩɨɤɪɵɬɢɹ� ɦɤɦ ɉɪɢɦɟɱɚɧɢɟ ɂɫɬɨɱɧɢɤ

CVD � RF 
thermal plasma SiCl4 � ɦеɬаɧ 680«1275 ɇ/Ⱦ 20 >1�@

CVD C2+5SiCl3 1050...1300 0,015 20...30 >20@

TP PVD SiC 1000...1700 � 50...200
Ⱦɥɹ ɢɡɝоɬоɜɥеɧɢɹ ɦɢɲеɧɢ 

ɢɫɩоɥɶɡɭеɬɫɹ ɭɥɶɬɪаɦеɥɤɢɣ 
ɩоɪоɲоɤ SiC

>24@

IBSD SiC 25 ɇ/Ⱦ 200 ɉɪоɰеɫɫ ɫоɩɪоɜоɠɞаеɬɫɹ 
ɢоɧɧɵɦ ɩеɪеɦеɲɢɜаɧɢеɦ >16@

PVD SiC ɇ/Ⱦ 0,13 6 Ɏоɪɦɢɪɭеɬɫɹ аɦоɪɮɧое 
ɩоɤɪɵɬɢе >21@

PVD 
(RF magnetron) Ƚɪаɮɢɬ/ɤɪеɦɧɢɣ 25 0,03...0,06 0,3 >22@

DIBSD SiC 25 0,002 
0,12

0,18...0,25 
0,15...0,25

>23@ 
>25@

LEPLD SiC 25 0,0025 0,17 Ɏоɪɦɢɪɭеɬɫɹ аɦоɪɮɧое 
ɩоɤɪɵɬɢе >26@
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ɜɪаɳаɥɢ ɜоɤɪɭɝ ɝоɪɢɡоɧɬаɥɶɧоɣ оɫɢ. Мɢɲеɧɢ ɞɥɹ 
ɢɫɩаɪеɧɢɹ ɢɡɝоɬаɜɥɢɜаɥɢ ɩɭɬеɦ ɝоɪɹɱеɝо ɩɪеɫ-
ɫоɜаɧɢɹ ɫɦеɫɢ ɩоɪоɲɤоɜ ɧа оɫɧоɜе SiC. ɉоɤɪɵ-
ɬɢе ɮоɪɦɢɪоɜаɥоɫɶ ɩɪɢ ɬеɦɩеɪаɬɭɪе ɩоɞɥоɠɤɢ 
550 �ɋ. Аɞɝеɡɢɸ ɩоɤɪɵɬɢɹ ɫ ɩоɞɥоɠɤоɣ оɛеɫɩеɱɢ-
ɜаɥɢ ɩɪеɞɜаɪɢɬеɥɶɧɵɦ ɬɪаɜɥеɧɢеɦ ее ɩоɜеɪɯɧо-
ɫɬɢ ɩɭɱɤоɦ ɢоɧоɜ аɪɝоɧа ɫ ɷɧеɪɝɢеɣ 2,0...2,5 ɤɷȼ. 
Ⱦɥɹ ɩоɜɵɲеɧɢɹ ɷɮɮеɤɬɢɜɧоɫɬɢ ɢоɧɧоɣ оɱɢɫɬɤɢ 
ɩоɜеɪɯɧоɫɬɢ ɤ ɩоɞɥоɠɤе ɛɵɥо ɩɪɢɥоɠеɧо оɬɪɢɰа-
ɬеɥɶɧое ɫɦеɳеɧɢе 700 ȼ.

ɋɬɪɭɤɬɭɪɭ ɢ ɯɢɦɢɱеɫɤɢɣ ɫоɫɬаɜ ɩоɤɪɵɬɢɣ 
ɢɫɫɥеɞоɜаɥɢ ɫ ɩоɦоɳɶɸ ɪаɫɬɪоɜоɝо ɦɢɤɪоɫɤо-
ɩа CamScan4, оɫɧаɳеɧɧоɝо ɫɢɫɬеɦоɣ ɥоɤаɥɶɧоɝо 
ɯɢɦɢɱеɫɤоɝо аɧаɥɢɡа ENERGY 200. Ɉɛɪаɡɰɵ ɢɡ-
ɝоɬаɜɥɢɜаɥɢ ɩо ɫɬаɧɞаɪɬɧоɣ ɦеɬоɞɢɤе ɲɥɢɮоɜɤɢ 
ɢ ɩоɥɢɪоɜɤɢ ɧа оɛоɪɭɞоɜаɧɢɢ ɮɢɪɦɵ «Struers». 
Ⱦɥɹ оɩɪеɞеɥеɧɢɹ ɦɢɤɪоɬɜеɪɞоɫɬɢ ɩо ȼɢɤɤеɪ-
ɫɭ ɩоɤɪɵɬɢɣ ɩɪɢɦеɧɹɥɢ оɩɬɢɱеɫɤɢɣ ɦɢɤɪоɫɤоɩ 
PolyvarMet, оɫɧаɳеɧɧɵɣ ɩɪɢɫɬаɜɤоɣ ɞɥɹ ɢɡɦеɪе-
ɧɢɹ ɩɪɢ ɧаɝɪɭɡɤе ɧа ɢɧɞеɧɬоɪ 0,1...0,2 ɇ ɜ ɬеɱеɧɢе 
10 ɫ. Ɉɰеɧɤɭ аɞɝеɡɢɢ ɩɪоɜоɞɢɥɢ ɩɭɬеɦ ɢɧɞеɧɬɢ-
ɪоɜаɧɢɹ ɩоɜеɪɯɧоɫɬɢ ɩоɤɪɵɬɢɹ ɩо ɦеɬоɞɭ Ɋоɤɜеɥ-
ɥа ɩɪɢ ɧаɝɪɭɡɤе ɧа ɢɧɞеɧɬоɪ 150 ɤɝ. Ɋеɧɬɝеɧоɞɢɮ-
ɪаɤɰɢоɧɧɵе ɢɡɦеɪеɧɢɹ ɩɪоɜоɞɢɥɢ ɜ ɫɬаɧɞаɪɬɧоɣ 
ɝеоɦеɬɪɢɢ ș±2ș ɧа ɞɢɮɪаɤɬоɦеɬɪе ȾɊɈɇ-4 ɜ ɢɡ-
ɥɭɱеɧɢɢ CuKĮ. Ⱦɥɹ ɢɫɫɥеɞоɜаɧɢɹ ɮаɡоɜɵɯ ɩɪеɜɪа-
ɳеɧɢɣ ɜ ɩоɤɪɵɬɢɹɯ ɧеɩоɫɪеɞɫɬɜеɧɧо ɜ ɩɪоɰеɫɫе 
ɢɯ ɧаɝɪеɜа ɩɪɢɦеɧɹɥɢ ɦеɬоɞ ɜɵɫоɤоɬеɦɩеɪаɬɭɪ-
ɧоɣ in-situ ɞɢɮɪаɤɬоɦеɬɪɢɢ.

Ʉеɪаɦɢɱеɫɤɢе ɦɢɲеɧɢ ɢɡɝоɬаɜɥɢɜаɥɢ ɢɡ ɧаɧо-
ɪаɡɦеɪɧɵɯ ɩоɪоɲɤоɜ SiC (ɪɢɫ. 2) ɫ ɫооɬɧоɲеɧɢеɦ 
Si0,��3C1,007. Ɏоɪɦɢɪоɜаɧɢе ɩɥоɬɧоɣ ɤеɪаɦɢɤɢ ɧа 
оɫɧоɜе ɫɢɧɬеɡɢɪоɜаɧɧоɝо ɧаɧоɪаɡɦеɪɧоɝо ɫɬеɯɢо-
ɦеɬɪɢɱеɫɤоɝо ɩоɪоɲɤа ɞоɫɬɢɝаɥоɫɶ ɩɭɬеɦ ɜɜеɞе-
ɧɢɹ ɞоɛаɜоɤ, аɤɬɢɜɢɪɭɸɳɢɯ ɩɪоɰеɫɫ ɫɩеɤаɧɢɹ ɜ 
ɭɫɥоɜɢɹɯ ɬɪаɞɢɰɢоɧɧоɝо ɝоɪɹɱеɝо ɩɪеɫɫоɜаɧɢɹ. ȼ 
ɤаɱеɫɬɜе аɤɬɢɜɢɪɭɸɳеɣ ɞоɛаɜɤɢ ɜɜоɞɢɥɢ ɧɢɬɪɢɞ 

аɥɸɦɢɧɢɹ (ɞо 30 ɦаɫ. �). Ⱦɥɹ ɩоɥɭɱеɧɢɹ ɡаɞаɧ-
ɧоɣ ɮоɪɦɵ ɦɢɲеɧɢ ɢɫɩоɥɶɡоɜаɥɢ ɝɪаɮɢɬоɜɵе 
ɩɪеɫɫ-ɮоɪɦɵ ɞɢаɦеɬɪоɦ 70 ɦɦ, ɱɬо оɛеɫɩеɱɢɜа-
ɥо ɪаɡɦеɳеɧɢе ɫɩеɱеɧɧоɣ ɤеɪаɦɢɤɢ ɜ ɢɫɩаɪɢɬеɥе 
ɷɥеɤɬɪоɧɧо-ɥɭɱеɜоɣ ɭɫɬаɧоɜɤɢ ɛеɡ ɫɭɳеɫɬɜеɧɧоɣ 
ɦеɯаɧɢɱеɫɤоɣ оɛɪаɛоɬɤɢ. Ɍоɥɳɢɧа ɦɢɲеɧɢ ɧе 
ɩɪеɜɵɲаɥа 30...40 ɦɦ (ɪɢɫ. 3).

ɉоɪоɲɤоɜɵе ɫɦеɫɢ ɝоɬоɜɢɥɢ ɜ ɩɥаɧеɬаɪɧоɣ 
ɦеɥɶɧɢɰе, ɫɬеɧɤɢ ɤоɬоɪоɣ ɛɵɥɢ ɮɭɬеɪоɜаɧɵ WC±
Co ɩɥаɫɬɢɧаɦɢ. ɒаɪɢɤɢ ɞɥɹ ɫɦеɲɢɜаɧɢɹ ɬаɤɠе 
ɢɡɝоɬаɜɥɢɜаɥɢ ɢɡ ɬɜеɪɞоɝо ɫɩɥаɜа. ȼɪеɦɹ ɫɦеɲɢ-
ɜаɧɢɹ (ɧе ɛоɥее 8 ɱ) ɩоɞɛɢɪаɥɢ ɷɤɫɩеɪɢɦеɧɬаɥɶ-
ɧɵɦ ɩɭɬеɦ. Ⱦɥɹ оɛеɫɩеɱеɧɢɹ ɜɵɫоɤоɣ оɞɧоɪоɞ-
ɧоɫɬɢ ɪаɫɩɪеɞеɥеɧɢɹ ɩоɪоɲɤоɜɵɯ ɤоɦɩоɧеɧɬоɜ 
ɫɦеɲɢɜаɧɢе ɩɪоɜоɞɢɥɢ ɜ ɫɪеɞе ɷɬɢɥоɜоɝо ɫɩɢɪɬа. 
ɉоɫɥе ɩɪɢɝоɬоɜɥеɧɢɹ ɜ ɫɦеɫɶ ɞоɛаɜɥɹɥɢ ɜɹɠɭɳее 
ɜеɳеɫɬɜо, ɤоɬоɪое ɩоɡɜоɥɹɥо ɫ ɩоɦоɳɶɸ ɫɬаɥɶ-
ɧɵɯ ɩɪеɫɫ-ɮоɪɦ ɮоɪɦɢɪоɜаɬɶ ɰɢɥɢɧɞɪɢɱеɫɤɢе 

Ɋɢɫ. 1. ɋɯеɦа ɩɪоɰеɫɫа оɫаɠɞеɧɢɹ ɤоɧɞеɧɫаɬоɜ: 1  ² ɷɥеɤ-
ɬɪоɧɧо-ɥɭɱеɜаɹ ɩɭɲɤа ɞɥɹ ɧаɝɪеɜа ɩоɞɥоɠɤɢ; 2  ² ɞеɪɠаɬеɥɶ 
ɩоɞɥоɠɤɢ; 3  ² ɷɥеɤɬɪоɧɧо-ɥɭɱеɜаɹ ɩɭɲɤа ɞɥɹ ɢɫɩаɪеɧɢɹ ɦɢ-
ɲеɧɢ; 4  ² ɢоɧɧɵɣ ɩоɬоɤ � аɪɝоɧ; 5  ² ɦɢɲеɧɶ

Ɋɢɫ. 2. ɋɗМ-ɢɡоɛɪаɠеɧɢе ɱаɫɬɢɰ ɫɢɧɬеɡɢɪоɜаɧɧоɝо ɫɬеɯɢо-
ɦеɬɪɢɱеɫɤоɝо SiC, ɢɫɩоɥɶɡɭеɦɵɯ ɞɥɹ ɢɡɝоɬоɜɥеɧɢɹ ɦɢɲеɧеɣ

Ɋɢɫ. 3. ȼɧеɲɧɢɣ ɜɢɞ ɤеɪаɦɢɱеɫɤоɣ ɦɢɲеɧɢ ɧа оɫɧоɜе SiC, 
ɢɡɝоɬоɜɥеɧɧоɣ ɫɩеɤаɧɢеɦ
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ɛɪɢɤеɬɵ. ɋɩɪеɫɫоɜаɧɧɵе ɬаɤɢɦ оɛɪаɡоɦ ɛɪɢɤеɬɵ 
ɜɵɫɭɲɢɜаɥɢ ɜ ɫɭɲɢɥɶɧоɦ ɲɤаɮɭ ɩɪɢ 250 �ɋ ɜ 
ɬеɱеɧɢе 3...4 ɱ, а ɡаɬеɦ ɩеɪеɧоɫɢɥɢ ɜ ɝɪаɮɢɬоɜɭɸ 
ɩɪеɫɫ-ɮоɪɦɭ.

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ. Влияние параме-
тров проɰесса осаɠдения на структуру покры-
тия. ɂɡɜеɫɬɧо, ɱɬо оɛɪаɡоɜаɧɢе SiC ɢɡ ɩаɪоɜоɣ 
ɮаɡɵ ɩɪоɢɫɯоɞɢɬ ɩɪɢ ɬеɦɩеɪаɬɭɪе !1000 �ɋ, а ɩɪɢ 
�500 �ɋ ɩоɤɪɵɬɢе ɮоɪɦɢɪɭеɬɫɹ ɜ аɦоɪɮɧоɦ ɫо-
ɫɬоɹɧɢɢ >30±32@. ɋ ɞɪɭɝоɣ ɫɬоɪоɧɵ, ɧаɝɪеɜ ɫɩɥа-
ɜа ɗɂ-110 ɧа оɫɧоɜе ɰɢɪɤоɧɢɹ ɞо ɬеɦɩеɪаɬɭɪɵ 
!600 �ɋ ɩɪɢɜоɞɢɬ ɤ ɞеɝɪаɞаɰɢɢ еɝо ɫɬɪɭɤɬɭɪɧɵɯ 
ɯаɪаɤɬеɪɢɫɬɢɤ ɢ ɮɢɡɢɱеɫɤɢɯ ɫɜоɣɫɬɜ. Ɍаɤɢɦ оɛɪа-
ɡоɦ, ɬеɦɩеɪаɬɭɪɧɵɣ ɢɧɬеɪɜаɥ оɫаɠɞеɧɢɹ ɩоɤɪɵ-
ɬɢɹ SiC ɧа ɩоɞɥоɠɤɢ ɢɡ ɫɩɥаɜа ɗɂ-110 оɝɪаɧɢɱеɧ 
ɞɢаɩаɡоɧоɦ 500...600 �ɋ.

Ⱦɥɹ оɬɪаɛоɬɤɢ ɬеɯɧоɥоɝɢɢ ɷɥеɤɬɪоɧɧо-ɥɭɱеɜо-
ɝо оɫаɠɞеɧɢɹ ɩоɤɪɵɬɢɣ ɧа оɫɧоɜе SiC ɫɩоɫоɛоɦ, 
оɩɢɫаɧɧɵɦ ɜɵɲе, ɢɫɩаɪеɧɢе ɝоɪɹɱеɩɪеɫɫоɜаɧɧɵɯ 
ɦɢɲеɧеɣ ɫ ɩоɫɥеɞɭɸɳɢɦ оɫаɠɞеɧɢеɦ ɩаɪоɜоɣ 
ɮаɡɵ ɧа ɩоɞɥоɠɤɭ ɩɪоɜоɞɢɥɢ ɩɪɢ 800 ɢ 600 �ɋ. 
ɉɪɢ ɬеɦɩеɪаɬɭɪе ɩоɞɥоɠɤɢ 800 �ɋ ɛɵɥɢ ɩоɥɭɱе-
ɧɵ ɩоɤɪɵɬɢɹ ɫɬеɯɢоɦеɬɪɢɱеɫɤоɝо ɫоɫɬаɜа. ɋɭɞɹ 
ɩо ɪеɡɭɥɶɬаɬаɦ ɞɢɮɪаɤɰɢоɧɧоɫɬɪɭɤɬɭɪɧоɝо аɧа-
ɥɢɡа, ɮоɪɦɢɪоɜаɧɢе ɩоɤɪɵɬɢɹ оɛеɫɩеɱɢɜаеɬɫɹ 
ɩɪɢ ɬеɦɩеɪаɬɭɪе оɫаɠɞеɧɢɹ 800 �ɋ, оɞɧаɤо аɧаɥɢɡ 
ɞɢɮɪаɤɰɢоɧɧɵɯ ɩɢɤоɜ ɩоɤаɡаɥ ɧаɥɢɱɢе ɧеɫɤоɥɶ-
ɤɢɯ ɩоɥɢɬɢɩоɜ (ɪɢɫ. 4).

ɋɬɪɭɤɬɭɪа ɩоɤɪɵɬɢɹ SiC, оɫаɠɞеɧɧоɝо ɢɡ ɩа-
ɪоɜоɣ ɮаɡɵ ɩɪɢ ɬеɦɩеɪаɬɭɪе ɩоɞɥоɠɤɢ 600 �ɋ, 
ɯаɪаɤɬеɪɢɡɭеɬɫɹ ɧаɥɢɱɢеɦ оɞɧоɝо ɲɢɪоɤоɝо ɩɢɤа 
ɧа ɞɢɮɪаɤɰɢоɧɧоɣ ɤаɪɬɢɧе (ɪɢɫ. 5, а). ɗɬо ɦоɝɥо 

ɫɜɢɞеɬеɥɶɫɬɜоɜаɬɶ о ɬоɦ, ɱɬо ɤоɧɞеɧɫаɬ ɧаɯоɞɢɬɫɹ 
ɜ аɦоɪɮɧоɦ ɢɥɢ ɧаɧоɫɬɪɭɤɬɭɪɢɪоɜаɧɧоɦ ɫоɫɬоɹ-
ɧɢɢ. ɋɥеɞоɜаɬеɥɶɧо, ɦоɠɧо ɛɵɥо ɩɪеɞɩоɥоɠɢɬɶ, 
ɱɬо ɜо ɜɪеɦɹ ɧаɝɪеɜа ɬаɤɢɯ ɤоɧɞеɧɫаɬоɜ ɜ ɧɢɯ 
ɞоɥɠɧɵ ɩɪоɢɫɯоɞɢɬɶ ɫɬɪɭɤɬɭɪɧɵе ɩɪеоɛɪаɡоɜа-
ɧɢɹ, ɫɜɹɡаɧɧɵе ɫ ɩеɪеɯоɞоɦ SiC ɢɡ аɦоɪɮɧоɝо ɫо-
ɫɬоɹɧɢɹ ɜ ɤɪɢɫɬаɥɥɢɱеɫɤое ɢɥɢ ɫ ɪеɤɪɢɫɬаɥɥɢɡа-
ɰɢоɧɧɵɦɢ ɩɪоɰеɫɫаɦɢ ɜ ɧаɧоɫɬɪɭɤɬɭɪɢɪоɜаɧɧоɦ 
ɫоɫɬоɹɧɢɹ. Ⱦɥɹ ɜɵɹɫɧеɧɢɹ ɬеɦɩеɪаɬɭɪɧɵɯ ɢɧɬеɪ-
ɜаɥоɜ ɩɪоɬеɤаɧɢɹ ɷɬɢɯ ɩɪоɰеɫɫоɜ ɛɵɥɢ ɩɪоɜеɞеɧɵ 
ɪеɧɬɝеɧоɫɬɪɭɤɬɭɪɧɵе ɢɫɫɥеɞоɜаɧɢɹ in-situ ɦеɬо-
ɞоɦ ɜɵɫоɤоɬеɦɩеɪаɬɭɪɧоɣ ɪеɧɬɝеɧоɝɪаɮɢɢ.

ȼ ɪеɡɭɥɶɬаɬе ɛɵɥо ɭɫɬаɧоɜɥеɧо, ɱɬо ɩɪɢ ɧе-
ɩɪеɪɵɜɧоɦ ɧаɝɪеɜе ɩоɤɪɵɬɢɣ ɜ ɢɧɬеɪɜаɥе 25... 
...1100 �ɋ ɩɪоɮɢɥɶ ɞɢɮɪаɤɰɢоɧɧоɝо ɩɢɤа ɧаɱɢ-
ɧаеɬ ɦеɧɹɬɶɫɹ ɬоɥɶɤо ɩɪɢ ɬеɦɩеɪаɬɭɪаɯ ɜɵɲе 
1000 �ɋ: ɭɝɥоɜое ɪаɫɩɪеɞеɥеɧɢе ɢɧɬеɧɫɢɜɧоɫɬɢ 
ɪаɫɫеɹɧɧоɝо ɢɡɥɭɱеɧɢɹ ɫɭɠаеɬɫɹ ɢ ɩоɹɜɥɹɸɬɫɹ 
ɞоɩоɥɧɢɬеɥɶɧɵе ɞɢɮɪаɤɰɢоɧɧɵе ɩɢɤɢ, ɫооɬɜеɬ-
ɫɬɜɭɸɳɢе ɫɬɪɭɤɬɭɪе SiC (ɪɢɫ. 5, б). Ɍаɤɢе ɢɡɦе-
ɧеɧɢɹ ɞɢɮɪаɤɰɢоɧɧоɣ ɤаɪɬɢɧɵ ɫɜɢɞеɬеɥɶɫɬɜɭɸɬ 
о ɮоɪɦɢɪоɜаɧɢɢ ɤɪɭɩɧоɡеɪɧɢɫɬоɣ ɫɬɪɭɤɬɭɪɵ SiC. 
Меɬаɥɥоɝɪаɮɢɱеɫɤɢɣ аɧаɥɢɡ ɩоɤɪɵɬɢɣ ɧа оɫɧоɜе 
SiC, оɫаɠɞеɧɧɵɯ ɢɡ ɩаɪоɜоɣ ɮаɡɵ ɧа ɩоɞɥоɠɤɭ 
ɢɡ ɫɩɥаɜа ɗɂ-110 ɩɪɢ ɬеɦɩеɪаɬɭɪе оɤоɥо 800 �ɋ, 
ɩоɤаɡаɥ, ɱɬо ɩɪеɞɥоɠеɧɧɵɣ ɫɩоɫоɛ оɛеɫɩеɱɢɜаеɬ 
ɮоɪɦɢɪоɜаɧɢе ɩоɤɪɵɬɢɹ ɫ ɜɵɫоɤоɣ ɩɥоɬɧоɫɬɶɸ. 
ɗɬо ɩоɞɬɜеɪɠɞаеɬɫɹ ɜɵɫоɤɢɦ ɭɪоɜɧеɦ ɦɢɤɪоɬɜеɪ-
ɞоɫɬɢ ɤоɧɞеɧɫаɬоɜ ² ɇȝ   28,6 Ƚɉа.

ɋɥеɞɭеɬ оɬɦеɬɢɬɶ, ɱɬо ɧɢɡɤаɹ ɬеɦɩеɪаɬɭɪа 
оɫаɠɞеɧɢɹ (�600 �ɋ) ɫɩоɫоɛɫɬɜɭеɬ ɮоɪɦɢɪоɜаɧɢɸ 
ɜ ɩоɤɪɵɬɢɢ ɫɬоɥɛɱаɬоɣ ɫɬɪɭɤɬɭɪɵ ɤоɧɭɫооɛɪаɡ-
ɧоɝо ɬɢɩа (ɪɢɫ. 6, а), ɱɬо ɩɪɢɫɭɳе ɤоɧɞеɧɫаɬаɦ, 

Ɋɢɫ. 4. Мɢɤɪоɫɬɪɭɤɬɭɪа ɩоɤɪɵɬɢɹ ɧа оɫɧоɜе SiC, оɫаɠɞеɧɧоɝо 
ɧа ɰɢɪɤоɧɢеɜɭɸ ɩоɞɥоɠɤɭ ɩɪɢ ɬеɦɩеɪаɬɭɪе 800 �ɋ (а), ɪаɫɩɪе-
ɞеɥеɧɢе ɜ ɧеɦ ɤоɦɩоɧеɧɬоɜ ɩо ɬоɥɳɢɧе (б) ɢ ɞɢɮɪаɤɰɢоɧɧаɹ 
ɤаɪɬɢɧа ɩоɥɭɱеɧɧоɝо ɩоɤɪɵɬɢɹ (в)
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оɫаɠɞеɧɧɵɦ ɩɪɢ ɬеɦɩеɪаɬɭɪе ɩоɞɥоɠɤɢ �0,3Ɍɩɥ. 
Ɉɞɧоɣ ɢɡ ɩɪоɛɥеɦ ɩоɥɭɱеɧɢɹ ɜɵɫоɤоɣ аɞɝеɡɢɢ 
ɩоɤɪɵɬɢɹ SiC ɧа ɰɢɪɤоɧɢеɜоɣ ɩоɞɥоɠɤе ɹɜɥɹеɬ-
ɫɹ ɧаɥɢɱɢе ɧа ее ɩоɜеɪɯɧоɫɬɢ оɤɫɢɞɧоɣ ɩɥеɧɤɢ 
ZrO2 (ɪɢɫ. 6, б). ȼ ɧаɲеɦ ɫɥɭɱае ɞɥɹ оɛеɫɩеɱеɧɢɹ 
аɞɝеɡɢɢ ɩоɜеɪɯɧоɫɬɶ ɩоɞɥоɠɤɢ ɢɡ ɫɩɥаɜа ɗɂ-110 
ɩɪеɞɜаɪɢɬеɥɶɧо оɛɪаɛаɬɵɜаɥɢ ɢоɧɧɵɦ ɩɭɱɤоɦ аɪ-
ɝоɧа, ɡаɬеɦ оɰеɧɢɜаɥɢ ее ɩо оɬɩеɱаɬɤɭ ɧа ɩоɤɪɵ-
ɬɢɢ ɩоɫɥе еɝо ɢɧɞеɧɬɢɪоɜаɧɢɹ ɩо ɦеɬоɞɭ Ɋоɤɜеɥɥа 
ɩɪɢ ɧаɝɪɭɡɤе 150 ɤɝ. ɇа ɪɢɫ. 6, в ɜɢɞɧо, ɱɬо ɜоɤɪɭɝ 

оɬɩеɱаɬɤа оɬɫɭɬɫɬɜɭɸɬ оɬɫɥоеɧɢɹ ɢ ɬɪеɳɢɧɵ, ɱɬо 
ɹɜɥɹеɬɫɹ ɩɪɢɡɧаɤоɦ ɞоɫɬаɬоɱɧоɣ аɞɝеɡɢɢ. Ɍаɤɢɦ 
оɛɪаɡоɦ, ɛɵɥо ɭɫɬаɧоɜɥеɧо, ɱɬо ɩɭɬеɦ оɛɪаɛоɬɤɢ 
ɩоɜеɪɯɧоɫɬɢ ɰɢɪɤоɧɢеɜоɝо ɫɩɥаɜа ɢоɧаɦɢ аɪɝо-
ɧа ɩеɪеɞ оɫаɠɞеɧɢеɦ ɩаɪоɜоɝо ɩоɬоɤа SiC ɦоɠɧо 
оɛеɫɩеɱɢɬɶ ɜɵɫоɤɢɣ ɭɪоɜеɧɶ аɞɝеɡɢɢ ɩоɤɪɵɬɢɹ 
ɤ ɩоɞɥоɠɤе ɩɪɢ ɬеɦɩеɪаɬɭɪаɯ оɫаɠɞеɧɢɹ ɧɢɠе 
600 �ɋ.

Ʉаɤ ɭɠе оɬɦеɱаɥоɫɶ ɜɵɲе, ɧеоɛɯоɞɢɦɵɦ ɭɫɥо-
ɜɢеɦ ɩɪаɤɬɢɱеɫɤоɝо ɩɪɢɦеɧеɧɢɹ ɦеɬоɞа ɷɥеɤɬɪоɧ-

Ɋɢɫ. 5. Ⱦɢɮɪаɤɰɢоɧɧаɹ ɤаɪɬɢɧа (а) ɢ ɞɢɮɪаɤɬоɝɪаɦɦɵ оɬ оɛɪаɡ-
ɰа ɤоɧɞеɧɫаɬа SiC ɩɪɢ ɬеɦɩеɪаɬɭɪе оɫаɠɞеɧɢɹ 600 �ɋ, ɫɧɹɬɵе ɜ 
ɩɪоɰеɫɫе ɧеɩɪеɪɵɜɧоɝо ɧаɝɪеɜа (б)

Ɋɢɫ. 6. ɋɗМ-ɢɡоɛɪаɠеɧɢɹ ɩоɩеɪеɱɧоɝо 
ɫеɱеɧɢɹ ɩоɤɪɵɬɢɹ SiC, оɫаɠɞеɧɧоɝо ɩɪɢ 
ɬеɦɩеɪаɬɭɪе ɩоɞɥоɠɤɢ 550 �ɋ (а), ɝɪаɧɢ-
ɰɵ ɪаɡɞеɥа ɩоɤɪɵɬɢе/ɩоɞɥоɠɤа ɢɡ ɫɩɥаɜа 
ɗɂ-110 (б) ɢ ɩоɜеɪɯɧоɫɬɢ ɩоɤɪɵɬɢɹ ɩоɫɥе 
ɢɧɞеɧɬɢɪоɜаɧɢɹ (в)
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ɧо-ɥɭɱеɜоɝо оɫаɠɞеɧɢɹ ɩоɤɪɵɬɢɣ ɧа оɫɧоɜе SiC, 
ɤɪоɦе оɛеɫɩеɱеɧɢɹ ɧеоɛɯоɞɢɦоɝо ɭɪоɜɧɹ аɞɝеɡɢɢ, 
ɹɜɥɹеɬɫɹ ɜɵɫоɤаɹ ɫɤоɪоɫɬɶ ɢɯ ɩоɥɭɱеɧɢɹ. ɂɡɜеɫɬ-
ɧо, ɱɬо ɫɤоɪоɫɬɶ оɫаɠɞеɧɢɹ ɡаɞаɧɧоɝо ɜеɳеɫɬɜа 
ɦоɠɧо ɩоɜɵɫɢɬɶ ɩɭɬеɦ ɭɜеɥɢɱеɧɢɹ ɬоɤа (ɦоɳ-
ɧоɫɬɢ) ɷɥеɤɬɪоɧɧоɝо ɥɭɱа, ɫɮоɤɭɫɢɪоɜаɧɧоɝо ɧа 
ɦɢɲеɧɢ. Ɉɞɧаɤо ɧа ɩɪаɤɬɢɤе ɩоɜɵɲеɧɢе ɢɧɬеɧ-
ɫɢɜɧоɫɬɢ ɢɫɩаɪеɧɢɹ ɡа ɫɱеɬ ɭɜеɥɢɱеɧɢɹ ɫɢɥɵ ɬоɤа 
ɢɦееɬ оɝɪаɧɢɱеɧɢɹ. ɗɬо ɫɜɹɡаɧо ɫ ɬеɦ, ɱɬо ɩо ɦеɪе 
ɢɫɩаɪеɧɢɹ ɢɡ ɦɢɲеɧɢ ɜɵɞеɥɹɸɬɫɹ ɪаɫɬɜоɪеɧɧɵе 
ɜ ɧеɣ ɝаɡɵ, ɱɬо ɩɪɢɜоɞɢɬ ɤ ɭɯɭɞɲеɧɢɸ ɜаɤɭɭɦа ɢ, 
ɤаɤ ɫɥеɞɫɬɜɢе, ɤ ɧеɫɬаɛɢɥɶɧоɣ ɪаɛоɬе ɷɥеɤɬɪоɧ-
ɧо-ɥɭɱеɜɵɯ ɩɭɲеɤ. Ɉɤаɡаɥоɫɶ ɬаɤɠе, ɱɬо ɩɪɢ ɩо-
ɜɵɲеɧɢɢ ɢɧɬеɧɫɢɜɧоɫɬɢ ɢɫɩаɪеɧɢɹ ɜ ɪеɡɭɥɶɬаɬе 
ɫоɜɦеɫɬɧоɝо ɞеɣɫɬɜɢɹ ɧеɫɤоɥɶɤɢɯ ɮаɤɬоɪоɜ ɧа ɩо-
ɜеɪɯɧоɫɬɶ оɫаɠɞеɧɢɹ, ɤɪоɦе ɩаɪоɜоɣ ɮаɡɵ, ɦоɝɭɬ 
ɩоɩаɞаɬɶ ɠɢɞɤɢе ɤаɩɥɢ. Ɍаɤɢе ɤаɩɥɢ ɧа ɩоɜеɪɯɧо-
ɫɬɢ оɫаɠɞеɧɢɹ ɢɧɢɰɢɢɪɭɸɬ ɩоɹɜɥеɧɢе ɜ ɫɬɪɭɤɬɭ-
ɪе ɩоɤɪɵɬɢɹ ɞеɮеɤɬоɜ ɤоɧɭɫооɛɪаɡɧоɝо ɬɢɩа, ɱɬо 
ɡɧаɱɢɬеɥɶɧо ɫɧɢɠаеɬ еɝо ɩɥоɬɧоɫɬɶ ɢ ɭɜеɥɢɱɢɜаеɬ 
ɲеɪоɯоɜаɬоɫɬɶ ɩоɜеɪɯɧоɫɬɢ. ɉоɷɬоɦɭ ɞɥɹ оɛеɫɩе-
ɱеɧɢɹ ɜɵɫоɤоɣ ɫɤоɪоɫɬɢ оɫаɠɞеɧɢɹ ɩоɤɪɵɬɢɣ ɧа 
оɫɧоɜе SiC ɢ ɭɦеɧɶɲеɧɢɹ ɢɯ ɞеɮеɤɬɧоɫɬɢ ɛɵɥо 
ɢɫɫɥеɞоɜаɧо ɜɥɢɹɧɢе ɩɥоɬɧоɫɬɢ ɦɢɲеɧеɣ ɧа ɷɬɢ 
ɯаɪаɤɬеɪɢɫɬɢɤɢ ɩоɤɪɵɬɢɹ.

ɉɥоɬɧоɫɬɶ ɦɢɲеɧеɣ оɩɪеɞеɥɹеɬɫɹ ɞɜɭɦɹ ɮаɤ-
ɬоɪаɦɢ, а ɢɦеɧɧо: ɫоɞеɪɠаɧɢеɦ ɞоɛаɜоɤ, оɛеɫɩе-
ɱɢɜаɸɳɢɯ ɭɩɥоɬɧеɧɢе ɩоɪоɲɤа, ɢ ɩаɪаɦеɬɪаɦɢ 

еɝо ɫɩеɤаɧɢɹ. ɉɭɬеɦ оɩɬɢɦɢɡаɰɢɢ оɛɴеɦɧоɣ ɞоɥɢ 
ɧɢɬɪɢɞа аɥɸɦɢɧɢɹ ɢ ɬеɯɧоɥоɝɢɱеɫɤɢɯ ɩаɪаɦе-
ɬɪоɜ ɫɩеɤаɧɢɹ ɩоɪоɲɤоɜ ɤɪеɦɧɢɹ ɛɵɥɢ ɢɡɝоɬоɜ-
ɥеɧɵ ɦɢɲеɧɢ, ɤоɬоɪɵе ɜ ɩɪоɰеɫɫе ɢɯ ɢɫɩаɪеɧɢɹ 
ɧе ɭɯɭɞɲаɸɬ ɜаɤɭɭɦ, ɱеɦ оɛеɫɩеɱɢɜаеɬɫɹ ɫɬаɛɢɥɶ-
ɧаɹ ɪаɛоɬа ɷɥеɤɬɪоɧɧо-ɥɭɱеɜɵɯ ɩɭɲеɤ. ɗɬо ɞаɥо 
ɜоɡɦоɠɧоɫɬɶ ɩоɜɵɫɢɬɶ ɜеɥɢɱɢɧɭ ɬоɤа ɷɥеɤɬɪоɧ-
ɧо-ɥɭɱеɜоɣ ɩɭɲɤɢ ɢ, ɫооɬɜеɬɫɬɜеɧɧо, ɫɤоɪоɫɬɶ 
ɢɫɩаɪеɧɢɹ.

ɇа ɪɢɫ. 7 ɩɪɢɜеɞеɧа ɤоɪɪеɥɹɰɢоɧɧаɹ ɡаɜɢɫɢ-
ɦоɫɬɶ ɦеɠɞɭ ɬоɤоɦ ɷɥеɤɬɪоɧɧо-ɥɭɱеɜоɣ ɩɭɲɤɢ ɢ 
ɫɤоɪоɫɬɶɸ оɫаɠɞеɧɢɹ ɩоɤɪɵɬɢɹ. ȼɢɞɧо, ɱɬо ɢɫɩа-
ɪеɧɢе ɦɢɲеɧеɣ оɩɬɢɦɢɡɢɪоɜаɧɧоɝо ɫоɫɬаɜа ɩо-
ɡɜоɥɹеɬ ɩоɜɵɫɢɬɶ ɫɤоɪоɫɬɶ ɞо 5 ɦɤɦ/ɦɢɧ. Ʉ ɬоɦɭ 
ɠе ɜɵɫоɤаɹ ɩɥоɬɧоɫɬɶ ɦɢɲеɧɢ ɢ ɧɢɡɤое ɫоɞеɪɠа-
ɧɢе ɜ ɧеɣ ɝаɡоɜɵɯ ɢ оɤɫɢɞɧɵɯ ɮаɡ оɛеɫɩеɱɢɜаеɬ 
оɫаɠɞеɧɢе ɩоɤɪɵɬɢɹ ɬоɥɳɢɧоɣ ɞо 60 ɦɤɦ ɫ ɜɵɫо-
ɤоɣ ɩɥоɬɧоɫɬɶɸ (ɪɢɫ. 8).

Ɇодиɮикаɰия структуры покрытия. ɉɪеɞɵ-
ɞɭɳɢе ɢɫɫɥеɞоɜаɧɢɹ ɩоɤаɡаɥɢ, ɱɬо ɩоɤɪɵɬɢɹ ɧа 
оɫɧоɜе SiC, оɫаɠɞеɧɧɵе ɩɪɢ ɬеɦɩеɪаɬɭɪе оɤоɥо 
500 �ɋ, ɯаɪаɤɬеɪɢɡɭɸɬɫɹ ɧаɥɢɱɢеɦ ɬаɤɢɯ ɫɬɪɭɤ-
ɬɭɪɧɵɯ ɞеɮеɤɬоɜ, ɤаɤ ɤоɧɭɫооɛɪаɡɧɵе ɤɪɢɫɬаɥɥɢ-
ɬɵ ɢ ɩоɪɢɫɬоɫɬɶ ɩо ɝɪаɧɢɰаɦ ɫɬоɥɛɱаɬɵɯ ɤɪɢɫɬаɥ-
ɥɢɬоɜ. ɉоɫɤоɥɶɤɭ ɬаɤɢе ɞеɮеɤɬɵ ɛɭɞɭɬ ɭɯɭɞɲаɬɶ 
ɮɢɡɢɤо-ɦеɯаɧɢɱеɫɤɢе ɢ ɷɤɫɩɥɭаɬаɰɢоɧɧɵе ɫɜоɣ-
ɫɬɜа ɩоɤɪɵɬɢɹ ɩɪɢ ɜɵɫоɤɢɯ ɬеɦɩеɪаɬɭɪаɯ, ɜ ɪаɛо-
ɬе ɛɵɥɢ ɢɫɫɥеɞоɜаɧɵ ɮаɤɬоɪɵ, ɫɩоɫоɛɫɬɜɭɸɳɢе 
ɫɧɢɠеɧɢɸ ɫɬеɩеɧɢ еɝо ɞеɮеɤɬɧоɫɬɢ.

ɂɡɜеɫɬɧо, ɱɬо оɞɧɢɦ ɢɡ ɩɭɬеɣ ɦоɞɢɮɢɤаɰɢɢ 
ɫɬɪɭɤɬɭɪɵ ɩоɤɪɵɬɢɹ ɹɜɥɹеɬɫɹ ɜɜеɞеɧɢе ɜ ɩаɪоɜоɣ 
ɩоɬоɤ ɩɪɢɦеɫеɣ ɞɪɭɝɢɯ ɤоɦɩоɧеɧɬоɜ ɢɥɢ ɫоеɞɢ-
ɧеɧɢɣ. ɂɡɜеɫɬɧо ɬаɤɠе, ɱɬо ɧеɤоɬоɪɵе ɩɪɢɦеɫɢ 
оɛеɫɩеɱɢɜаɸɬ ɭɩɥоɬɧеɧɢе SiC ɩɪɢ ɢɡɝоɬоɜɥеɧɢɢ 
ɤеɪаɦɢɱеɫɤɢɯ ɢɡɞеɥɢɣ ɝоɪɹɱɢɦ ɩɪеɫɫоɜаɧɢеɦ. 
Ɍаɤ, ɜɜеɞеɧɢе 10 ɦаɫ. � Al4SiC4 ɞаеɬ ɩоɡɦоɠɧоɫɬɶ 
ɩоɥɭɱɢɬɶ ɩɥоɬɧɭɸ ɤеɪаɦɢɤɭ SiC ɩɪɢ ɧɢɡɤɢɯ ɬеɦ-
ɩеɪаɬɭɪаɯ ɩɪеɫɫоɜаɧɢɹ >33@. ɉоɜɵɲеɧɢе ɩɥоɬ-
ɧоɫɬɢ ɤеɪаɦɢɤɢ ɧа оɫɧоɜе SiC ɩɪоɢɫɯоɞɢɬ ɬаɤɠе 
ɩɪɢ ɮоɪɦɢɪоɜаɧɢɢ ɤоɦɩоɡɢɬоɜ ɷɜɬеɤɬɢɱеɫɤоɝо 
ɫоɫɬаɜа ɜ ɬаɤɢɯ ɫɢɫɬеɦаɯ, ɤаɤ SiC±TiB2, SiC±B4C 
>34@. Ɂɧаɱɢɬеɥɶɧоɝо ɭɩɥоɬɧеɧɢɹ SiC ɞоɫɬɢɝаɥɢ ɢ 

Ɋɢɫ. 8. Мɢɤɪоɫɬɪɭɤɬɭɪа ɩоɤɪɵɬɢɹ SiC, ɩоɥɭɱеɧɧоɝо ɩɪɢ ɢɫɩаɪеɧɢɢ ɦɢɲеɧɢ ɫ ɧɢɡɤоɣ (а) ɢ ɜɵɫоɤоɣ (б) ɩɥоɬɧоɫɬɶɸ

Ɋɢɫ. 7. Ɂаɜɢɫɢɦоɫɬɶ ɫɤоɪоɫɬɢ ɢɫɩаɪеɧɢɹ ɦɢɲеɧɢ оɬ ɬоɤа 
ɷɥеɤɬɪоɧɧо-ɥɭɱеɜоɣ ɩɭɲɤɢ (Uɭɫɤ   20 ɤȼ)
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ɩɪɢ ɜɜеɞеɧɢɢ ɜ ɤеɪаɦɢɤɭ 10...40 ɦаɫ. � TiC >35@ ɢ 
ɩɪɢɦеɫеɣ аɥɸɦɢɧɢɹ, ɛоɪа ɢ ɭɝɥеɪоɞа >36@. Ɉɬɫɸ-
ɞа ɦоɠɧо ɛɵɥо ɩɪеɞɩоɥоɠɢɬɶ, ɱɬо ɜɜеɞеɧɢе ɬаɤɢɯ 
ɩɪɢɦеɫеɣ ɜ ɩаɪоɜоɣ ɩоɬоɤ ɛɭɞеɬ ɫɥɭɠɢɬɶ ɦоɞɢɮɢ-
ɰɢɪɭɸɳɢɦ ɮаɤɬоɪоɦ ɩɪɢ ɮоɪɦɢɪоɜаɧɢɢ ɫɬɪɭɤɬɭ-
ɪɵ ɩоɤɪɵɬɢɹ SiC.

Ⱦɥɹ оɬɪаɛоɬɤɢ ɫɩоɫоɛа оɫаɠɞеɧɢɹ ɤеɪаɦɢɱе-
ɫɤɢɯ ɩоɤɪɵɬɢɣ ɪаɡɥɢɱɧоɝо ɯɢɦɢɱеɫɤоɝо ɫоɫɬаɜа 
ɩɪоɜоɞɢɥɢ ɷɥеɤɬɪоɧɧо-ɥɭɱеɜое ɢɫɩаɪеɧɢе ɫооɬ-
ɜеɬɫɬɜɭɸɳɢɯ ɦɢɲеɧеɣ ɫ ɩоɫɥеɞɭɸɳɢɦ оɫаɠɞе-
ɧɢеɦ ɩаɪоɜоɝо ɩоɬоɤа ɧа ɩɥоɫɤɢɯ ɧеɩоɞɜɢɠɧɵɯ 
ɩоɞɥоɠɤаɯ ɢɡ ɰɢɪɤоɧɢеɜоɝо ɫɩɥаɜа ɗɂ-110 ɩɪɢ 
ɬеɦɩеɪаɬɭɪе ɩоɞɥоɠɤɢ 450...500 �ɋ. Ɍаɤɢɦ оɛɪа-
ɡоɦ ɛɵɥɢ ɩоɥɭɱеɧɵ ɞɜа ɬɢɩа ɩоɤɪɵɬɢɣ ɧа оɫɧоɜе 
SiC ɫ ɞоɛаɜɤаɦɢ Al4SiC4 ɢ TiC � 30 � Al2 O 3. Мɢ-
ɤɪоɫɬɪɭɤɬɭɪа ɩоɤɪɵɬɢɣ ɪаɡɥɢɱɧоɝо ɯɢɦɢɱеɫɤоɝо 
ɫоɫɬаɜа ɧа ɰɢɪɤоɧɢеɜɵɯ ɩоɞɥоɠɤаɯ ɩоɤаɡаɧа ɧа 
ɪɢɫ. �.

ɋɬɪɭɤɬɭɪа ɩоɤɪɵɬɢɣ, оɫаɠɞеɧɧɵɯ ɜ оɞɢɧаɤо-
ɜɵɯ ɭɫɥоɜɢɹɯ, ɜ ɡɧаɱɢɬеɥɶɧоɣ ɦеɪе оɩɪеɞеɥɹеɬɫɹ 
ɢɯ ɯɢɦɢɱеɫɤɢɦ ɫоɫɬаɜоɦ. Ɍаɤ, ɮоɪɦɢɪоɜаɧɢе ɤоɧ-
ɞеɧɫаɬа ɧа оɫɧоɜе ɤоɦɩɥеɤɫɧоɝо ɤаɪɛɢɞа Al4SiC4 
ɫоɩɪоɜоɠɞаеɬɫɹ ɩоɹɜɥеɧɢеɦ ɛоɥɶɲоɝо ɤоɥɢɱеɫɬɜа 
ɤоɧɭɫооɛɪаɡɧɵɯ ɤɪɢɫɬаɥɥɢɬоɜ (ɪɢɫ. �, а). Моɠɧо 
ɩɪеɞɩоɥоɠɢɬɶ, ɱɬо ɩɪɢɱɢɧоɣ ɬаɤоɝо ɫɬɪɭɤɬɭɪооɛ-
ɪаɡоɜаɧɢɹ ɹɜɥɹеɬɫɹ ɮоɪɦɢɪоɜаɧɢе ɧа ɩоɜеɪɯɧоɫɬɢ 
ɤоɧɞеɧɫаɰɢɢ ɱаɫɬɢɰ Al2 O 3 ɡа ɫɱеɬ аɥɸɦɢɧɢɹ, оɫɜо-
ɛоɠɞеɧɧоɝо ɩɪɢ ɱаɫɬɢɱɧоɣ ɞɢɫɫоɰɢаɰɢɢ Al4SiC4 
ɢ оɫɬаɬоɱɧоɝо ɤɢɫɥоɪоɞа. Ʉоɧɞеɧɫаɰɢɹ ɩаɪоɜоɝо 
ɩоɬоɤа ɩɪɢ ɢɫɩаɪеɧɢɢ ɦɢɲеɧɢ 70 � TiC � 30 � 

Al2O 3 ɬаɤɠе ɫоɩɪоɜоɠɞаеɬɫɹ оɛɪаɡоɜаɧɢеɦ ɜ ɩо-
ɤɪɵɬɢɢ ɛоɥɶɲоɝо ɤоɥɢɱеɫɬɜа ɫɬоɥɛɱаɬɵɯ ɤɪɢɫɬаɥ-
ɥɢɬоɜ (ɪɢɫ. �, б), ɧеɫɦоɬɪɹ ɧа ɧеɡɧаɱɢɬеɥɶɧɭɸ 
оɛɴеɦɧɭɸ ɞоɥɸ аɥɸɦɢɧɢɹ ɜ ɩаɪе ɩɪɢ ɞɢɫɫоɰɢ-
аɰɢɢ Al2O 3. Ȼɵɥо оɱеɜɢɞɧо, ɱɬо ɩɪɢ ɜɜеɞеɧɢɢ 
ɩɪɢɦеɫɢ ɜ ɩаɪоɜоɣ ɩоɬоɤ SiC ɧɭɠɧо ɭɱɢɬɵɜаɬɶ 
ее ɬеɪɦɢɱеɫɤɭɸ ɫɬаɛɢɥɶɧоɫɬɶ ɢ ɯаɪаɤɬеɪ ɢɫɩаɪе-
ɧɢɹ, а ɬаɤɠе ɧаɥɢɱɢе ɜ ɩаɪоɜоɣ ɮаɡе ɤоɦɩоɧеɧɬоɜ 
ɫ ɜɵɫоɤɢɦ ɫɪоɞɫɬɜоɦ ɤ ɤɢɫɥоɪоɞɭ. Ɍаɤ, ɩɪɢ ɢɫɩа-
ɪеɧɢɢ ɦɢɲеɧɢ 70 � AlB12� 30 � SiC ɜ ɩоɤɪɵɬɢɢ 
ɩɪɢɫɭɬɫɬɜɭɸɬ ɤоɧɭɫооɛɪаɡɧɵе ɤɪɢɫɬаɥɥɢɬɵ, ɧо ɜ 
ɦеɧɶɲеɦ ɤоɥɢɱеɫɬɜе (ɪɢɫ. �, в), оɱеɜɢɞɧо, ɛɥаɝо-
ɞаɪɹ ɛоɥɶɲеɣ ɬеɪɦоɞɢɧаɦɢɱеɫɤоɣ ɫɬаɛɢɥɶɧоɫɬɢ 
ɢ ɫɤɥоɧɧоɫɬɢ ɤ ɫɭɛɥɢɦаɰɢɢ AlB12. Ʉɪоɦе ɬоɝо, ɧа 
ɞеɮеɤɬɧɭɸ ɫɬɪɭɤɬɭɪɭ ɩоɤɪɵɬɢɹ ɦоɠɧо ɜɥɢɹɬɶ ɩɭ-
ɬеɦ ɜаɪɶɢɪоɜаɧɢɹ ɯɢɦɢɱеɫɤоɝо ɫоɫɬаɜа ɦɢɲеɧеɣ. 
ɇаɩɪɢɦеɪ, ɫɬɪɭɤɬɭɪе ɩоɤɪɵɬɢɹ, ɩоɥɭɱеɧɧоɝо ɩɪɢ 
ɢɫɩаɪеɧɢɢ ɦɢɲеɧɢ 60 � SiC � 40 � (70 � TiC � 
30 � Al2 O 3) (ɪɢɫ. �, г), ɩɥоɬɧоɫɬɶ ɤоɧɭɫооɛɪаɡɧɵɯ 
ɤɪɢɫɬаɥɥɢɬоɜ ɛɵɥа ɦеɧɶɲе, ɱеɦ ɩɪɢ ɢɫɩаɪеɧɢɢ 
ɦɢɲеɧɢ 70 � AlB12 � 30 � SiC, а ɦɢɤɪоɬɜеɪɞоɫɬɶ 
ɩоɤɪɵɬɢɹ ɞоɫɬɢɝаɥа 17 Ƚɉа, ɱɬо ɫɜɢɞеɬеɥɶɫɬɜɭеɬ 
о еɝо ɡɧаɱɢɬеɥɶɧоɣ ɩɥоɬɧоɫɬɢ.

Влияние ионной обработки на структуру по-
крытия. Ⱦɥɹ оɛɪаɛоɬɤɢ ɢоɧаɦɢ аɪɝоɧа ɩоɜеɪɯɧо-
ɫɬɢ ɤоɧɞеɧɫаɰɢɢ ɢɫɩоɥɶɡоɜаɥɢ ɬеɯɧоɥоɝɢɱеɫɤɭɸ 
ɫɯеɦɭ, оɩɢɫаɧɧɭɸ ɜɵɲе (ɫɦ. ɪɢɫ. 1). ɂоɧɧɭɸ оɛ-
ɪаɛоɬɤɭ ɩɪоɜоɞɢɥɢ ɧеɩɪеɪɵɜɧо ɜ ɬеɱеɧɢе ɜɫеɝо 
ɩɪоɰеɫɫа оɫаɠɞеɧɢɹ (ɩеɪɜɵɣ ɫɩоɫоɛ) ɢɥɢ ɰɢɤɥɢ-
ɱеɫɤɢ (ɜɬоɪоɣ ɫɩоɫоɛ). Мɢɤɪоɫɬɪɭɤɬɭɪа ɩоɤɪɵ-

Ɋɢɫ. �. Мɢɤɪоɫɬɪɭɤɬɭɪа ɩоɤɪɵɬɢɣ ɪаɡɥɢɱɧоɝо ɯɢɦɢɱеɫɤоɝо ɫоɫɬаɜа ɧа ɰɢɪɤоɧɢеɜɵɯ ɩоɞɥоɠɤаɯ: а ² Al4SiC4; б ² 70 � TiC � 
30 � Al2O 3; в ² 70 � AlB12 � 30 � SiC; г ² 60 � SiC � 40 � (70 � TiC � 30 � Al2O 3)
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ɬɢɹ, оɫаɠɞеɧɧоɝо ɷɬɢɦɢ ɞɜɭɦɹ ɫɩоɫоɛаɦɢ, ɩоɤа-
ɡаɧа ɧа ɪɢɫ. 10.

ȼɢɞɧо, ɱɬо ɧеɩɪеɪɵɜɧаɹ ɢоɧɧаɹ оɛɪаɛоɬɤа 
ɜɥɢɹеɬ ɧа ɮоɪɦɢɪоɜаɧɢе ɫɬɪɭɤɬɭɪɵ ɩоɤɪɵɬɢɹ ² 
ɧаɛɥɸɞаеɬɫɹ ɧеɤоɬоɪое ɭɦеɧɶɲеɧɢе ɞеɮеɤɬɧо-
ɫɬɢ, ɫɜɹɡаɧɧоɣ ɫ ɧаɥɢɱɢеɦ ɝɪаɧɢɰ ɤɪɢɫɬаɥɥɢɬоɜ, 
ɧо ɝɪаɧɢɰɵ ɦеɠɞɭ ɫɬоɥɛɱаɬɵɦɢ ɤɪɢɫɬаɥɥɢɬаɦɢ 
ɩɪоɪаɫɬаɸɬ ɜɞоɥɶ ɜɫеɣ ɬоɥɳɢɧɵ ɩоɤɪɵɬɢɹ. Ȼоɥее 
ɩеɪɫɩеɤɬɢɜɧоɣ оɤаɡаɥаɫɶ ɰɢɤɥɢɱеɫɤаɹ оɛɪаɛоɬɤа, 
ɩоɞ ɜоɡɞеɣɫɬɜɢеɦ ɤоɬоɪоɣ ɝɪаɧɢɰɵ ɤɪɢɫɬаɥɥɢɬоɜ 
ɩɪеɪɵɜаɸɬɫɹ.

ɍстойɱивость покрытий, осаɠденныɯ на 
оболоɱки ɌВɗɅов, при нагреве в параɯ воды. Ⱦɥɹ 
оɰеɧɤɢ ɭɫɬоɣɱɢɜоɫɬɢ ɰɢɪɤоɧɢеɜɵɯ оɛоɥоɱеɤ ɩɪɢ 
ɧаɝɪеɜе ɜ аɬɦоɫɮеɪе ɩаɪа ɧа ɢɯ ɩоɜеɪɯɧоɫɬɶ ɷɥеɤ-
ɬɪоɧɧо-ɥɭɱеɜɵɦ ɦеɬоɞоɦ оɫаɠɞаɥɢ ɩоɤɪɵɬɢɹ ɧа 
оɫɧоɜе SiC ɜ ɭɫɥоɜɢɹɯ, оɛеɫɩеɱɢɜаɸɳɢɯ ɢɯ ɛеɡ-
ɞеɮеɤɬɧɭɸ ɫɬɪɭɤɬɭɪɭ ɢ ɬеɪɦɢɱеɫɤɭɸ ɫɬоɣɤоɫɬɶ. 
ȼɧеɲɧɢɣ ɜɢɞ оɛоɥоɱеɤ ɌȼɗɅоɜ ɛеɡ ɩоɤɪɵɬɢɹ ɢ ɫ 
ɩоɤɪɵɬɢеɦ ɩɪеɞɫɬаɜɥеɧ ɧа ɪɢɫ. 11.

ɂɫɩɵɬаɧɢɹ ɧа ɭɫɬоɣɱɢɜоɫɬɶ ɰɢɪɤоɧɢеɜɵɯ 
оɛоɥоɱеɤ ɤ ɧаɝɪеɜɭ ɜ аɬɦоɫɮеɪе ɩаɪа ɩɪоɜоɞɢɥɢ 
ɜ ɭɫɬаɧоɜɤе, ɫɯеɦа ɤоɬоɪоɣ ɩɪɢɜеɞеɧа ɧа ɪɢɫ. 12. 
Ɉɛоɥоɱɤа ɩɪɢ ɧаɝɪеɜе ɩоɫɬоɹɧɧо ɧаɯоɞɢɥаɫɶ ɜ 
ɩаɪоɜоɦ ɩоɬоɤе, ɱɬо оɛеɫɩеɱɢɜаɥо ɢɦɢɬаɰɢɸ ɭɫ-
ɥоɜɢɣ, ɤоɬоɪɵе ɦоɝɭɬ ɜоɡɧɢɤаɬɶ ɩɪɢ аɜаɪɢɣɧɵɯ 
ɪеɠɢɦаɯ ɪаɛоɬɵ ɪеаɤɬоɪа (ɧаɩɪɢɦеɪ, ɩɪɢ оɬɤɥɸ-
ɱеɧɢɢ ɫɢɫɬеɦɵ ɰɢɪɤɭɥɹɰɢɢ оɯɥаɠɞаɸɳеɣ ɜоɞɵ 
ɜ аɤɬɢɜɧоɣ ɡоɧе, ɬ. е. ɩɪɢ ɩоɫɬоɹɧɧоɦ ɤоɧɬаɤɬе 
ɩоɜеɪɯɧоɫɬɢ оɛоɥоɱɤɢ ɫ ɩаɪоɦ). ɂɫɩɵɬаɧɢɹ ɩɪо-
ɜоɞɢɥɢ ɩɪɢ ɧеɩɪеɪɵɜɧоɦ ɧаɝɪеɜе оɛоɥоɱеɤ ɞо 
1200 �ɋ, ɜɵɞеɪɠɤе ɩɪɢ ɷɬоɣ ɬеɦɩеɪаɬɭɪе ɜ ɬеɱе-
ɧɢе 30 ɦɢɧ ɢ ɩоɫɬеɩеɧɧоɦ оɯɥаɠɞеɧɢɢ ɞо ɤоɦɧаɬ-
ɧоɣ ɬеɦɩеɪаɬɭɪɵ ɜɦеɫɬе ɫ ɩеɱɶɸ.

ɋɭɞɹ ɩо ɜɧеɲɧеɦɭ ɜɢɞɭ оɛоɥоɱеɤ ɫ ɩоɤɪɵɬɢ-
ɹɦɢ ɧа оɫɧоɜе SiC ɜ ɢɫɯоɞɧоɦ ɫоɫɬоɹɧɢɢ ɢ ɩоɫɥе 
ɢɫɩɵɬаɧɢɣ (ɪɢɫ. 13), ɦоɠɧо ɡаɤɥɸɱɢɬɶ, ɱɬо ɜ ɩɪо-
ɰеɫɫе ɢɫɩɵɬаɧɢɹ ɩоɤɪɵɬɢе оɫɬаеɬɫɹ ɧа ɩоɜеɪɯ-
ɧоɫɬɢ оɛоɥоɱɤɢ, ɯоɬɹ ɧа оɬɞеɥɶɧɵɯ еɝо ɭɱаɫɬɤаɯ 
ɧаɛɥɸɞаеɬɫɹ оɛɪаɡоɜаɧɢе ɤоɥɶɰеɜɵɯ ɬɪеɳɢɧ. ɉɪɢ 

Ɋɢɫ. 10. Мɢɤɪоɫɬɪɭɤɬɭɪа ɩоɤɪɵɬɢɹ 60 � SiC � 40 � (70 � TiC � 30 � Al2O 3), оɫаɠɞеɧɧоɝо ɩɪɢ ɧеɩɪеɪɵɜɧоɣ (а) ɢ ɰɢɤɥɢɱеɫɤоɣ 
( б) оɛɪаɛоɬɤе ɢоɧаɦɢ аɪɝоɧа ɩоɜеɪɯɧоɫɬɢ ɤоɧɞеɧɫаɰɢɢ

Ɋɢɫ. 11. ɐɢɪɤоɧɢеɜɵе оɛоɥоɱɤɢ ɌȼɗɅоɜ ɛеɡ ɩоɤɪɵɬɢɹ (а) ɢ ɫ 
ɩоɤɪɵɬɢеɦ ɧа оɫɧоɜе SiC (б)

Ɋɢɫ. 12. ɋɯеɦа ɭɫɬаɧоɜɤɢ ɞɥɹ ɢɫɩɵɬаɧɢɣ ɧа ɭɫɬоɣɱɢɜоɫɬɶ 
оɛоɥоɱеɤ ɌȼɗɅоɜ ɩɪɢ ɧаɝɪеɜе ɜ аɬɦоɫɮеɪе ɩаɪа: 1  ² ɩеɱɶ 
ɫоɩɪоɬɢɜɥеɧɢɹ; 2  ² ɤеɪаɦɢɱеɫɤаɹ ɬɪɭɛа; 3  ² ɧаɝɪеɜаɬеɥɶ ɢɡ 
SiC; 4  ² ɢɫɫɥеɞɭеɦɵе оɛɪаɡɰɵ; 5  ² ɩоɞаɱа ɜоɞɹɧоɝо ɩаɪа

Ɋɢɫ. 13. ȼɧеɲɧɢɣ ɜɢɞ ɰɢɪɤоɧɢеɜɵɯ оɛоɥоɱеɤ ɫ ɩоɤɪɵɬɢɹɦɢ ɧа оɫɧоɜе SiC ɜ ɢɫɯоɞɧоɦ ɫоɫɬоɹɧɢɢ (а) ɢ ɩоɫɥе ɢɫɩɵɬаɧɢɣ (б)
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ɷɬоɦ ɭɱаɫɬɤɢ ɩоɤɪɵɬɢɹ ɦеɠɞɭ ɬɪеɳɢɧаɦɢ ɧе оɬ-
ɞеɥɹɸɬɫɹ оɬ ɩоɜеɪɯɧоɫɬɢ ɰɢɪɤоɧɢеɜоɣ оɛоɥоɱɤɢ. 
ɗɬо ɡɧаɱɢɬ, ɱɬо ɬɪеɳɢɧɵ ɦоɝɥɢ ɡаɪоɞɢɬɶɫɹ ɤаɤ 
ɜɫɥеɞɫɬɜɢе ɞеɣɫɬɜɢɹ ɩɪоɞоɥɶɧɵɯ ɧаɩɪɹɠеɧɢɣ, 
оɛɭɫɥоɜɥеɧɧɵɯ аɧɢɡоɬɪоɩɢеɣ ɤоɷɮɮɢɰɢеɧɬа ɬеɪ-
ɦɢɱеɫɤоɝо ɪаɫɲɢɪеɧɢɹ ɰɢɪɤоɧɢɹ, ɬаɤ ɢ ɢɡɦеɧе-
ɧɢɹ еɝо ɬеɤɫɬɭɪɵ ɩɪɢ ɧаɝɪеɜе. Ɉɞɧаɤо ɬаɤое ɬɪе-
ɳɢɧооɛɪаɡоɜаɧɢе ɧе ɫоɩɪоɜоɠɞаеɬɫɹ оɬɞеɥеɧɢеɦ 
ɩоɤɪɵɬɢɹ оɬ ɩоɜеɪɯɧоɫɬɢ ɫɩɥаɜа ɜ ɬеɱеɧɢе ɜɫеɝо 
ɢɫɩɵɬаɧɢɹ, ɫɥеɞоɜаɬеɥɶɧо, ɷɬо ɛɭɞеɬ ɫɩоɫоɛɫɬɜо-
ɜаɬɶ ɩоɞаɜɥеɧɢɸ ɷɤɡоɬеɪɦɢɱеɫɤоɣ ɪеаɤɰɢɢ ɦеɠɞɭ 
ɰɢɪɤоɧɢеɦ ɢ ɩаɪоɦ.

ȼɵɜɨɞɵ

1. Ɋеɡɭɥɶɬаɬɵ ɩɪоɜеɞеɧɧɵɯ ɢɫɫɥеɞоɜаɧɢɣ ɩоɤаɡа-
ɥɢ, ɱɬо ɩɭɬеɦ оɩɬɢɦɢɡаɰɢɢ ɫɬɪɭɤɬɭɪɵ ɦɢɲеɧɢ, ее 
ɩɥоɬɧоɫɬɢ ɢ ɪеɠɢɦоɜ ɷɥеɤɬɪоɧɧо-ɥɭɱеɜоɝо ɢɫɩа-
ɪеɧɢɹ ɜоɡɦоɠɧо ɞоɫɬɢɱɶ ɜɵɫоɤɢɯ ɫɤоɪоɫɬеɣ оɫаɠ-
ɞеɧɢɹ ɩоɤɪɵɬɢɣ ɧа оɫɧоɜе ɤаɪɛɢɞа ɤɪеɦɧɢɹ ɢ, ɬеɦ 
ɫаɦɵɦ, ɪаɫɲɢɪɢɬɶ ɜоɡɦоɠɧоɫɬɢ ɩɪɢɦеɧеɧɢɹ ɷɬо-
ɝо ɦеɬоɞа ɞɥɹ ɩоɥɭɱеɧɢɹ ɞɥɢɧɧоɦеɪɧɵɯ оɛоɥоɱеɤ 
ɌȼɗɅоɜ ɫ ɬаɤɢɦɢ ɩоɤɪɵɬɢɹɦɢ.

2. ɇа ɫɬɪɭɤɬɭɪɭ ɩоɤɪɵɬɢɣ ɧа оɫɧоɜе SiC, оɫаɠ-
ɞеɧɧɵɯ ɧа ɰɢɪɤоɧɢеɜɵе ɩоɞɥоɠɤɢ ɩɪɢ ɬеɦɩеɪаɬɭ-
ɪе ɧɢɠе 600 �ɋ, ɫɭɳеɫɬɜеɧɧое ɜɥɢɹɧɢе оɤаɡɵɜаɸɬ 
ɩɪɢɦеɫɢ. ɉоɤаɡаɧо, ɱɬо оɩɬɢɦɢɡаɰɢɹ ɯɢɦɢɱеɫɤоɝо 
ɫоɫɬаɜа ɩɪɢɦеɫеɣ оɛеɫɩеɱɢɜаеɬ ɮоɪɦɢɪоɜаɧɢе ɩо-
ɤɪɵɬɢɣ ɫ ɦаɥоɣ ɩɥоɬɧоɫɬɶɸ ɞеɮеɤɬоɜ ɩɪɢ ɧɢɡɤɢɯ 
(ɧе ɜɵɲе 600 �ɋ) ɬеɦɩеɪаɬɭɪаɯ оɫаɠɞеɧɢɹ.

3. ɍɫɬаɧоɜɥеɧо, ɱɬо ɩɪеɞɜаɪɢɬеɥɶɧаɹ оɛɪаɛоɬɤа 
ɩоɜеɪɯɧоɫɬɢ ɰɢɪɤоɧɢеɜоɝо ɫɩɥаɜа ɢоɧаɦɢ аɪɝоɧа 
ɡɧаɱɢɬеɥɶɧо ɩоɜɵɲаеɬ ɭɪоɜеɧɶ аɞɝеɡɢɢ ɩоɤɪɵɬɢɣ 
ɧа оɫɧоɜе SiC, а ɫоɱеɬаɧɢе ɩɪоɰеɫɫа ɷɥеɤɬɪоɧ-
ɧо-ɥɭɱеɜоɝо оɫаɠɞеɧɢɹ ɢ ɢоɧɧоɣ оɛɪаɛоɬɤɢ ɩо-
ɜеɪɯɧоɫɬɢ ɤоɧɞеɧɫаɰɢɢ ɜ ɩɪоɰеɫɫе оɫаɠɞеɧɢɹ ɫɩо-
ɫоɛɫɬɜɭеɬ ɭɦеɧɶɲеɧɢɸ ɩɥоɬɧоɫɬɢ ɞеɮеɤɬоɜ ɪоɫɬа.

4. ɉоɤаɡаɧо, ɱɬо ɩоɤɪɵɬɢɹ ɧа оɫɧоɜе SiC ɧа ɩо-
ɜеɪɯɧоɫɬɢ оɛоɥоɱеɤ ɌȼɗɅоɜ ɫоɯɪаɧɹɸɬ ɫɜоɸ ɰе-
ɥоɫɬɧоɫɬɶ ɩɪɢ ɧаɝɪеɜе ɜ аɬɦоɫɮеɪе ɜоɞɹɧоɝо ɩаɪа 
ɢ ɫɩоɫоɛɧɵ ɤ ɩɪоɬɢɜоɞеɣɫɬɜɢɸ ɩаɪоɰɢɪɤоɧɢеɜоɣ 
ɪеаɤɰɢɢ.

Ɋабота выполнена в рамкаɯ проекта ʋ �-�� 
программы «Ɋесурс». Ⱥвторы выраɠаɸт благо-
дарность ɱл.-кор. ɇȺɇ ɍкраины В. ɇ. Воеводину 
и д.ɮ.-м.н. В. Ⱥ. Ȼелоусу за полезное обсуɠдение 
результатов работы.

1. PreYenting hydrogen explosions in severe nuclear accidents: 
Unresolved safety issues involving hydrogen generation and 
mitigation: NRDC Report 2014.

2. $dYanced LWR fuels research in the United States. ² 
Shannon Bragg-Sitton: Idaho National Laboratory, 2013.

3. :estinghouse $ccident 7olerant )uel Program. ² 
Westinghouse Electric Company LLC, 2013.

4. Singh .. Wear studies of (Ti±Al)N coatings deposited by 
reactive magnetron sputtering / K. Singh, P. K. Limaye, 
N. L. Soni >et al.@ // Wear. ² 2005. ² 258 . ² P. 1813±1824.

5. .orabloY S. +ydrothermal corrosion of TiAlN and CrN PVD 
films on stainless steel / S. Korablov, M. A. M. Ibrahim, 
M. Yoshimura // Corrosion Science. ² 2005. ² ��. ² 
P. 183�±1854.

6. %udi (smar. Electrodeposition of Ni±TiAlN nanocomposite 
coating for wear and corrosion protection: A Review / Esmar 
Budi, +adi Nasbey, Agus Setyo Budi // Seminar Nasional 
Fisika Proc. ² -akarta: Universitas Negeri, 2013.

7. )au]ia Khatkhatay. Superior corrosion resistance properties 
of TiN-based coatings on Zircaloy tubes in supercritical 
water / Fauzia Khatkhatay, Liang -iao, -ie -ian >et al.@ // 
-ournal of Nuclear Materials. ² 2014. ² ���. ² P. 346±351.

8. /iu <. Evaluation of the interfacial shear strength and residual 
stress of TiAlN coating on ZIRLO� fuel cladding using 
a modified shear-lag model approach / Y. Liu, I. Bhamji, 
P. -. Withers >et al.@ // Ibid. ² 2015. ² ���. ² P. 718±727.

�. .uprin Ⱥ. S. Vacuum-arc chromium-based coatings for 
protection of zirconium alloys from the high-temperature 
oxidation in air / А. S. Kuprin, V. А. Belous, V. N. Voyevodin 
>et al.@ // Ibid. ² 2015. ² ���. ² P. 400±406.

10. Ʉуприн Ⱥ. ɋ. ȼаɤɭɭɦɧо-ɞɭɝоɜɵе ɯɪоɦоɜɵе ɩоɤɪɵɬɢɹ ɞɥɹ 
ɡаɳɢɬɵ ɫɩɥаɜа Zr±1Nb оɬ ɜɵɫоɤоɬеɦɩеɪаɬɭɪɧоɝо оɤɢɫɥе-
ɧɢɹ ɧа ɜоɡɞɭɯе / А. ɋ. Ʉɭɩɪɢɧ, ȼ. А. Ȼеɥоɭɫ // ȼАɇɌ. ² 
2015. ² Ɍ. �6, ʋ 2. ² ɋ. 111±118.

11. Ʉуприн Ⱥ. ɋ. ȼɵɫоɤоɬеɦɩеɪаɬɭɪɧое оɤɢɫɥеɧɢе ɧа ɜоɡɞɭ-
ɯе оɛоɥоɱеɤ ɢɡ ɰɢɪɤоɧɢеɜɵɯ ɫɩɥаɜоɜ ɗ-110 ɢ Zr±1Nb ɫ 
ɩоɤɪɵɬɢɹɦɢ / А. ɋ. Ʉɭɩɪɢɧ, ȼ. А. Ȼеɥоɭɫ, ȼ. ȼ. Ȼɪɵɤ >ɢ 
ɞɪ.@ // ȼАɇɌ. ² 2014. ² Ɍ. 8�, ʋ 1. ² ɋ. 126±132.

12. .opanet] I. (. The effect of Cr, Cr±N and Cr±O x  coatings on 
deuterium retention and penetration in zirconium alloy Zr±
1Nb / I. E. Kopanetz, G. D. Tolstolutskaya, A. V. Nikitin >et 
al.@ // PAST. ² 2015. ² V. ��, No. 5. ² P. 81.

13. Ȼелоус В. Ⱥ. Моɞɢɮɢɤаɰɢɹ ɩоɜеɪɯɧоɫɬɢ ɫɩɥаɜа ɗ-110 
оɫаɠɞеɧɢеɦ ɦɧоɝоɫɥоɣɧɵɯ Zr/ZrN ɩоɤɪɵɬɢɣ ɢоɧɧɵɦ 
оɛɥɭɱеɧɢеɦ / ȼ. А. Ȼеɥоɭɫ, ɋ. А. Ʌеоɧоɜ, Ƚ. ɂ. ɇоɫоɜ >ɢ 
ɞɪ.@ // Ɏɂɉ. ² 200�. ² Ɍ. 7, ʋ 1±2. ² ɋ. 76±81.

14. -eong-<ong ParN. +igh temperature steam oxidation of Al3Ti-
based alloys for the oxidation-resistant surface layer on Zr 
fuel claddings / -eong-Yong Park, Il-+yun Kim, Yang-Il -ung 
>et al.@ // -ournal of Nuclear Materials. ² 2013. ² ���. ² 
P. 75±80.

15. 7ing Cheng. Oxidation of fuel cladding candidate materials in 
steam environments at high temperature and pressure / Ting 
Cheng, -. R. Keiser, M. P. Brady >et al.@ // Ibid. ² 2012. ² 
���. ² P. 3�6±400.

16. 5iYiere -.-P. Corrosion protection of an AISI 321 stainless steel 
by SiC coatings / -.-P. Riviere, -. Delafond, P. Misaelides // 
Surface and Coatings Technology. ² 1��8. ² ���±���. ² 
P. 243±246.

17. .atoh <. Current status and critical issues for development of 
SiC composites for fusion applications / Y. Katoh, L. L. Snead, 
C. +. +enager -r. >et al.@ // -ournal of Nuclear Materials. ² 
2007. ² ���±���. ² P. 65�±671.

18. .atoh <. Radiation-tolerant joining technologies for silicon 
carbide ceramics and composites / Y. Katoh, L. L. Snead, 
C. +. +enager -r. >et al.@ // Ibid. ² 2014. ² ���. ² 
P. 4�7±511.

1�. /iao ). +igh-rate chemical vapor deposition of nanocrystalline 
silicon carbide films by radio freTuency thermal plasma / 
F. Liao, S. Park, -. M. Larson >et al.@ // Materials Letters. ² 
2003. ² V. 57, No. 13±14. ² P. 1�82±1�86.

20. ShiNama 7. Erosion behaviour of physically vapour-
deposited and chemically vapour-deposited SiC films coated 



38 ISSN 2415-8445 СОВРЕМЕННАЯ ЭЛЕКТРОМЕТАЛЛУРГИЯ, № 2 (123), 2016

ЭЛЕКТРОННО-ЛУɒЕВɖЕ ɊРОɑЕССɖ

                                                        

                                                                                                                                                                                                    

on molybdenum during oxygenated argon beam thinning / 
T. Shikama, M. Kitajima, M. Fukutomi >et al.@ // Thin Solid 
Films. ² 1�84. ² V. 117, No. 3. ² Ɋ. 1�1±1��.

21. 7ang +. Surface morphology of Į-SIC coatings deposited 
by RF magnetron sputtering / +uidong Tang, Shouhong 
Tan, Zhengren +uang >et al.@ // Surface and Coatings 
Technology. ² 2005. ² V. 1�7, No. 2±3. ² Ɋ. 161±167.

22. :ang 0. Bias effects on structure of sputtered SiC films / 
M. Wang, A. P. +uang, B. Wang >et al.@ // Materials Science 
and Engineering ȼ. ² 2001. ² V. 85, No. 1. ² Ɋ. 25±27.

23. -in C. G . Room-temperature growth of SiC thin films by 
dual-ion-beam sputtering deposition / C. G. -in, ;. M. Wu, 
L. -. Zhuge // Research Letters in Physical Chemistry. ² 
2008. ² ����. ² P. 1±5.

24. :ang ;. +. Ultrafast thermal plasma physical vapor deposition 
of thick SiC films / ;. +. Wang, K. Eguchi, C. Iwamoto >et 
al.@ // Science and Technology of Advanced Materials. ² 
2003. ² V. 4, No. 2. ² Ɋ. 15�±165.

25. -in C. G . Room temperature deposition of amorphous SiC thin 
films using low energy ion bombardment / C. G. -in, T. Yu, 
Y. Zhao >et al.@ // Physica E. ² 2011. ² V. 43, No. 10. ² 
Ɋ. 1863±1866.

26. (l*a]]ar +. Preparation and characterizations of amorphous 
nanostructured SiC thin films by low energy pulsed laser 
deposition / +. ElGazzar, E. Abdel-Rahman, +. G. Salem >et 
al.@ // Applied Surface Science. ² 2010. ² V. 256, No. 7. ² 
Ɋ. 2056±2060.

27. Paton %. (. Composite materials deposited from the vapour 
phase in vacuum / B. E. Paton, B. A. Movchan // Welding and 
Surfacing Review. ² 1��1. ² No. 2. ² P. 43±64.

28. 0oYchan %. A . Inorganic materials and coatings produced by 
EBPVD / B. A. Movchan // Surface Engineering. ² 2006. ² 
V. 22, No. 1. ² P. 35±46.

2�. <i -. Characterization of a stoichiometric SiC film deposited 
on a thermally oxidized Si substrate / -. Yi, ;.D. +e, Y. Sun 
// -ournal of Alloys and Compounds. ² 2008. ² ���. ² 
P. 11±13.

30. Costa $. K. Characterization of ultra-hard silicon carbide 
coatings deposited by RF magnetron sputtering / A. K. Costa, 
S. S. Camargo -r., C. A. Achete >et al.@ // Thin Solid Films. ² 
2000. ² ���±���. ² P. 243±248.

31. .noteN 2. Amorphous SiC PVD coatings / O. Knotek, 
F. LffÀer, L. Wolkers // Diamond and Related Materials. ² 
1��3. ² V. 2, No. 2±4. ² Ɋ. 528±530.

32. Simao 5. A . Magnetron sputtering SiC films investigated by 
AFM / R. A. Simao, A. K. Costa, C. A. Achete >et al.@ // Thin 
Solid Films. ² 2000. ² ���±���. ² P. 4�0±4�4.

33. /ee -in-SeoN. Effect of Al4SiC4 additive on the densification 
of ȕ-silicon carbide under vacuum / -in-Seok Lee, Young-Soo 
Ahn, T. Nishimura >et al.@ // -ournal of the European Ceramic 
Society. ² 2012. ² V. 32, No. 3. ² Ɋ. 61�±625. 

34. /i :en--un. Preparation of TiB2±SiC eutectic composite by 
an arc-melted method and its characterization / Wen--un Li, 
Rong Tu, T. Goto // Materials Transactions. ² 2005. ² V. 46, 
No. 11. ² Ɋ. 2504±2508.

35. Cho .\eong SiN. Microstructure and mechanical properties 
of spark-plasma-sintered SiC±TiC composites / Kyeong Sik 
Cho, Kwang Soon Lee // Key Engineering Materials. ² 
2005. ² ���. ² Ɋ. 335±33�.

36. Cho .\eong SiN. Effects of Al, B and C additives on 
microstructure and mechanical properties of spark-plasma-
sintered SiC ceramics / Kyeong Sik Cho, Kwang Soon Lee // 
Ibid. ² 2005. ² ���. ² Ɋ. 32�±334.

Owing to its physical-chemical properties the silicon carbide (SiC) is considered as the most challenging material in 
nuclear materials science for manufacture of fuel-element shells, protective coatings and other elements of nuclear 
reactor structures. The main factor, limiting a practical application of SiC, is the absence of effective technologies 
of manufacture of parts and deposition of coatings on the base of this compound. Taking into account that in the 
nearest future the increase in service life of fuel elements will become urgent in stationary and emergency modes, 
the possibilities of producing coatings on SiC base on zirconium shells of fuel elements by the method of electron 
beam deposition are described in the work. Coatings on SiC base, on the one side, should not have significant effect 
on thermal modes of the fuel element operation and, on the other hand, should provide the protection of zirconium 
shells from the vapor-zirconium reaction during their heating in water vapors. The application of the electron beam 
deposition of coatings on SiC base will find the wide spreading, if this method provides the high rate of coating 
deposition at a high level of adhesion, and the coating structure allows protecting the zirconium shell from corrosion in 
the overheated water and at contact with its vapors at high temperature. In the work the rate of deposition reached up to 
5 ȝm/min by optimizing the structure of ceramic targets on SiC base and conditions of their electron beam evaporation 
in vacuum. It is shown that combination of the electron beam evaporation process with substrate treatment with ions 
of argon provides a high level of adhesion at temperatures of deposition below 600 �C. and also decrease in degree of 
coating defectiveness. The heating of zirconium shells with coatings on SiC base up to 1200 �C in atmosphere of vapor 
confirmed the possibility of their resistance to oxidation. Ref. 36, Table 1, Figures 13.
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