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ɋоɜɪеɦеɧɧɵе ɦеɬоɞɵ ɩоɥɭɱеɧɢɹ ɛɵɫɬɪоɡаɤаɥеɧɧɵɯ ɦаɬеɪɢаɥоɜ ɩоɡɜоɥɹɸɬ ɩоɥɭɱаɬɶ ɢɯ ɪаɡɧоɣ ɝеоɦеɬɪɢ-
ɱеɫɤоɣ ɮоɪɦɵ: ɥеɧɬɵ, ɩоɪоɲɤɢ, ɱеɲɭɣɤɢ, ɦɢɤɪоɩɪоɜоɞа. Ɏоɪɦɭ ɢ ɪаɡɦеɪɵ ɞаɧɧɵɯ ɫɩɥаɜоɜ оɛɭɫɥаɜɥɢɜаɸɬ 
ɪаɡɧɵе ɬеɯɧоɥоɝɢɱеɫɤɢе оɫоɛеɧɧоɫɬɢ оɛоɪɭɞоɜаɧɢɹ ɞɥɹ ɩоɥɭɱеɧɢɹ ɛɵɫɬɪоɡаɤаɥеɧɧɵɯ ɦаɬеɪɢаɥоɜ. Ɉɞɧаɤо 
оɝɪаɧɢɱеɧɧоɫɬɶ ɜ ɝеоɦеɬɪɢɱеɫɤɢɯ ɪаɡɦеɪаɯ ɥɢɦɢɬɢɪɭеɬ ɫɮеɪɭ ɩɪɢɦеɧеɧɢɹ ɩоɥɭɱаеɦɵɯ ɛɵɫɬɪоɡаɤаɥеɧɧɵɯ ɦа-
ɬеɪɢаɥоɜ. ɉеɪɫɩеɤɬɢɜɧɵɦ ɧаɩɪаɜɥеɧɢеɦ ɹɜɥɹеɬɫɹ ɩɪоɢɡɜоɞɫɬɜо ɜɵɫоɤоɷɧеɪɝеɬɢɱеɫɤɢɯ ɩоɫɬоɹɧɧɵɯ ɦаɝɧɢɬоɜ, 
ɞɥɹ ɩɪоɢɡɜоɞɫɬɜа ɤоɬоɪɵɯ ɧеоɛɯоɞɢɦ ɩоɪоɲоɤ ɢɥɢ ɩеɪеɦоɥоɬɵе ɦаɬеɪɢаɥɵ. Ɉɞɢɧ ɢɡ ɫɩоɫоɛоɜ ɩоɥɭɱеɧɢɹ ɬа-
ɤɢɯ ɦаɬеɪɢаɥоɜ ² ɦеɬоɞ ɷɤɫɬɪаɤɰɢɢ (ɞɢɫɩеɪɝɢɪоɜаɧɢɹ) ɢɡ ɪаɫɩɥаɜа ɩɪɢ ɢɧɞɭɤɰɢоɧɧоɣ ɩɥаɜɤе ɜ ɫеɤɰɢоɧɧоɦ 
ɤɪɢɫɬаɥɥɢɡаɬоɪе, ɪаɡɪаɛоɬаɧɧɵɣ ɜ ɂɧɫɬɢɬɭɬе ɷɥеɤɬɪоɫɜаɪɤɢ ɢɦ. ȿ. Ɉ. ɉаɬоɧа, ɩоɡɜоɥɹɸɳɢɣ ɩоɥɭɱаɬɶ ɛɵɫɬɪо-
ɡаɤаɥеɧɧɵе ɱеɲɭɣɤɢ. ɉɪеɞɫɬаɜɥеɧɵ ɷɤɫɩеɪɢɦеɧɬаɥɶɧɵе ɞаɧɧɵе ɢɡɦеɪеɧɢɹ ɝеоɦеɬɪɢɱеɫɤɢɯ ɪаɡɦеɪоɜ ɱеɲɭеɤ 
ɩɪɢ ɪаɡɥɢɱɧɵɯ ɫɤоɪоɫɬɹɯ ɜɪаɳеɧɢɹ ɡаɤаɥоɱɧоɝо ɞɢɫɤа. ɉɪоɜеɞеɧ аɧаɥɢɡ ɝеоɦеɬɪɢɱеɫɤɢɯ ɪаɡɦеɪоɜ ɩоɥɭɱаеɦɵɯ 
ɦаɬеɪɢаɥоɜ ɦеɬоɞоɦ ɞɢɫɩеɪɝɢɪоɜаɧɢɹ ɢɡ ɪаɫɩɥаɜа ɩɪɢ ɢɧɞɭɤɰɢоɧɧоɣ ɩɥаɜɤе ɜ ɫеɤɰɢоɧɧоɦ ɤɪɢɫɬаɥɥɢɡаɬоɪе. 
ɉоɥɭɱеɧа ɡаɜɢɫɢɦоɫɬɶ ɬоɥɳɢɧɵ ɱеɲɭеɤ оɬ ɫɤоɪоɫɬɢ ɜɪаɳеɧɢɹ ɡаɤаɥоɱɧоɝо ɞɢɫɤа. ɉɪоаɧаɥɢɡɢɪоɜаɧо ɩɪɢɦе-
ɧеɧɢе ɱеɲɭеɤ ɩɪɢ ɩɪоɢɡɜоɞɫɬɜе ɩоɫɬоɹɧɧɵɯ ɦаɝɧɢɬоɜ. Ȼɢɛɥɢоɝɪ. 5, ɬаɛɥ. 1, ɢɥ. 3.
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ȼɜɟɞɟɧɢɟ. ɇа ɫеɝоɞɧɹɲɧɢɣ ɞеɧɶ ɛɵɫɬɪоɡаɤаɥеɧɧɵе 
ɦаɬеɪɢаɥɵ ɧаɲɥɢ ɲɢɪоɤое ɩɪɢɦеɧеɧɢе ɜ ɷɥеɤɬɪо-
ɧɢɤе, ɦаɲɢɧоɫɬɪоеɧɢɢ, аɷɪоɤоɫɦɢɱеɫɤоɣ ɩɪоɦɵɲ-
ɥеɧɧоɫɬɢ ɢ ɜ ɞɪɭɝɢɯ оɬɪаɫɥɹɯ ɩɪоɢɡɜоɞɫɬɜа. Ɉɞɧо-
ɜɪеɦеɧɧо ɫ ɷɬɢɦ ɮоɪɦа ɢ ɝеоɦеɬɪɢɱеɫɤɢе ɪаɡɦеɪɵ 
ɛɵɫɬɪоɡаɤаɥеɧɧɵɯ ɦаɬеɪɢаɥоɜ ɧе ɹɜɥɹɸɬɫɹ еɞɢɧо-
оɛɪаɡɧɵɦɢ ɢ ɦоɝɭɬ ɛɵɬɶ ɩоɥɭɱеɧɵ ɜ ɜɢɞе ɩоɪоɲ-
ɤа, ɦɢɤɪоɩɪоɜоɥоɤɢ, ɥеɧɬ, ɱеɲɭеɤ >1@. ȼо ɦɧоɝоɦ 
ɮоɪɦɭ ɢ ɝеоɦеɬɪɢɱеɫɤɢе ɪаɡɦеɪɵ ɩоɥɭɱаеɦɵɯ ɛɵ-
ɫɬɪоɡаɥеɧɧɵɯ ɦаɬеɪɢаɥоɜ оɩɪеɞеɥɹеɬ ɫɩоɫоɛ ɢɯ 
ɩɪоɢɡɜоɞɫɬɜа. ɇаɩɪɢɦеɪ, ɦеɬоɞ Ɍеɣɥоɪа оɝɪаɧɢɱɢ-
ɜаеɬɫɹ ɩоɥɭɱеɧɢеɦ ɦɢɤɪоɩɪоɜоɥоɤɢ, ɦеɬоɞ ɫɩɢɧ-
ɧɢɧɝоɜаɹ ² ɬоɥɶɤо ɥеɧɬ, ɪаɫɩɵɥеɧɢɹ ² ɢɫɤɥɸɱɢ-
ɬеɥɶɧо ɩоɪоɲɤоɜ. ɋɪеɞɢ ɩеɪеɱɢɫɥеɧɧɵɯ ɦеɬоɞоɜ 
ɞɢɫɩеɪɝɢɪоɜаɧɢе ɪаɫɩɥаɜа ɩɪɢ ɢɧɞɭɤɰɢоɧɧоɣ ɩɥаɜ-
ɤе ɜ ɫеɤɰɢоɧɧоɦ ɤɪɢɫɬаɥɥɢɡаɬоɪе (ɂɉɋɄ) ɧеɫɤоɥɶ-
ɤо ɪаɫɲɢɪɹеɬ ɧоɦеɧɤɥаɬɭɪɭ ɩɪоɢɡɜоɞɢɦɵɯ ɦаɬеɪɢ-
аɥоɜ, ɬаɤ ɤаɤ ɩоɡɜоɥɹеɬ ɩоɥɭɱаɬɶ ɱеɲɭɣɤɢ ɢ ɬоɧɤɢе 
ɥеɧɬɵ. ɗɬо ɞоɫɬɢɝаеɬɫɹ ɡа ɫɱеɬ ɮоɪɦɵ ɡаɤаɥоɱɧоɝо 
ɞɢɫɤа. ȿɫɥɢ ɧа ɪаɛоɱеɣ ɞоɪоɠɤе ɜɵɩоɥɧеɧɵ ɩɪо-
ɬоɱɤɢ, ɩоɥɭɱаеɦɵе оɛɪаɡɰɵ ɹɜɥɹɸɬɫɹ ɱеɲɭɣɤаɦɢ, 
еɫɥɢ ɪаɛоɱаɹ ɩоɜеɪɯɧоɫɬɶ ɝɥаɞɤаɹ ɢ ɛеɡ ɩɪоɬоɱеɤ, 
ɬо ɜоɡɦоɠɧо ɢɡɝоɬоɜɥеɧɢе ɬоɧɤɢɯ ɥеɧɬ. Ɍеɯɧоɥоɝɢɹ 
ɂɉɋɄ ɩоɡɜоɥɹеɬ ɩоɥɭɱаɬɶ ɫɩɥаɜɵ ɜɵɫоɤоɣ ɱɢɫɬоɬɵ, 
ɛɥаɝоɞаɪɹ оɬɫɭɬɫɬɜɢɸ ɤоɧɬаɤɬа ɪаɫɩɥаɜа ɫо ɫɬеɧɤа-
ɦɢ ɬɢɝɥɹ ɢ ɞɪɭɝɢɦɢ оɝɧеɭɩоɪɧɵɦɢ ɦаɬеɪɢаɥаɦɢ.

Ɋаɡɧɵе ɫɮеɪɵ ɩɪɢɦеɧеɧɢɹ ɛɵɫɬɪоɡаɤаɥеɧɧɵɯ 
ɦаɬеɪɢаɥоɜ оɩɪеɞеɥɹɸɬ ɫɩоɫоɛ ɢɯ ɩоɥɭɱеɧɢɹ. Ⱦɥɹ 
ɩɪоɢɡɜоɞɫɬɜа ɫеɪɞеɱɧɢɤоɜ ɷɥеɤɬɪɢɱеɫɤɢɯ ɬɪаɧɫ-
ɮоɪɦаɬоɪоɜ ɢɫɩоɥɶɡɭɸɬ ɢɫɤɥɸɱɢɬеɥɶɧо ɬоɧɤɢе 
ɥеɧɬɵ, ɩɪɢ ɢɡɝоɬоɜɥеɧɢɢ ɩоɫɬоɹɧɧɵɯ ɦаɝɧɢɬоɜ 
ɡаɱаɫɬɭɸ ɩɪɢɦеɧɹɸɬ аɦоɪɮɧɵе ɢ ɦеɥɤоɤɪɢɫɬаɥ-
ɥɢɱеɫɤɢе ɫɩɥаɜɵ ɫ ɪаɡɦеɪаɦɢ ɫоɢɡɦеɪɢɦɵɦɢ ɫ 
ɩоɪоɲɤоɦ ɢɡ-ɡа ɬеɯɧоɥоɝɢɱеɫɤоɣ ɧеоɛɯоɞɢɦоɫɬɢ 
ɜ ɩɪеɫɫоɜаɧɢɢ ɢ ɫɩеɤаɧɢɢ. ȼ ɫɜеɬе ɷɬоɣ ɩɪоɛɥеɦɵ 
ɞɢɫɩеɪɝɢɪоɜаɧɢе ɢɡ ɪаɫɩɥаɜа ɩɪɢ ɂɉɋɄ ɩоɡɜоɥɹ-
еɬ ɫоɤɪаɬɢɬɶ ɬеɯɧоɥоɝɢɱеɫɤɢɣ ɩɪоɰеɫɫ ɩоɥɭɱеɧɢɹ 
ɩоɫɬоɹɧɧɵɯ ɦаɝɧɢɬоɜ ɢɡ-ɡа ɬоɝо, ɱɬо ɱеɲɭɣɤɢ ɧе 
ɧɭɠɞаɸɬɫɹ ɜ ɩоɪеɡɤе, ɬоɝɞа ɤаɤ ɷɬо ɧеоɛɯоɞɢɦо 
ɞеɥаɬɶ ɫ ɥеɧɬаɦɢ, ɩоɥɭɱеɧɧɵɦɢ ɦеɬоɞоɦ ɫɩɢɧ-
ɧɢɧɝоɜаɹ.

ɉɪɢɫɬаɥɶɧоɝо ɜɧɢɦаɧɢɹ ɡаɫɥɭɠɢɜаеɬ ɩɪоɢɡ-
ɜоɞɫɬɜо ɩоɫɬоɹɧɧɵɯ ɦаɝɧɢɬоɜ. ɋɮеɪа ɢɯ ɩɪɢɦеɧе-
ɧɢɹ ɫ ɤаɠɞɵɦ ɝоɞоɦ ɭɜеɥɢɱɢɜаеɬɫɹ ɢ ɫɬаɧоɜɢɬɫɹ 
ɧаɫɭɳɧɵɦ ɜоɩɪоɫ о ɩɪоɢɡɜоɞɫɬɜе ɷɧеɪɝеɬɢɱеɫɤɢ 
ɦоɳɧɵɯ ɩоɫɬоɹɧɧɵɯ ɦаɝɧɢɬоɜ ɞɥɹ ɷɥеɤɬɪоɦо-
ɬоɪоɫɬɪоеɧɢɹ, ɷɥеɤɬɪоɧɢɤɢ, ɩɪɢɛоɪоɫɬɪоеɧɢɹ, 
аɥɶɬеɪɧаɬɢɜɧоɣ ɷɧеɪɝеɬɢɤɢ >2@. Ʉ ɬɪаɞɢɰɢоɧɧɵɦ 
ɬеɯɧоɥоɝɢɹɦ ɩоɥɭɱеɧɢɹ ɩоɫɬоɹɧɧɵɯ ɦаɝɧɢɬоɜ 
оɬɧоɫɹɬɫɹ ɩоɪоɲɤоɜɵе ɢ ɥɢɬеɣɧɵе ɦеɬоɞɵ. ȼ ɧа-
ɫɬоɹɳее ɜɪеɦɹ аɥɶɬеɪɧаɬɢɜɧоɣ ɬеɯɧоɥоɝɢеɣ ɹɜɥɹ-
еɬɫɹ ɫɩоɫоɛ ɛɵɫɬɪоɣ ɡаɤаɥɤɢ ɢɡ ɪаɫɩɥаɜа. Ƚɥаɜɧое 

© Ⱦ. А. ɄАɅАɒɇɂɄ, ɘ. А. ɇɂɄɂɌȿɇɄɈ, ȼ. А. ɒАɉɈȼАɅɈȼ, ɂ. ȼ. ɒȿɃɄɈ, ȼ. Ƚ. ɄɈɀȿМəɄɂɇ, А. ȼ. ȼȿɊȿɌɂɅɖɇɂɄ, 2016



32 ISSN 2415-8445 СОВРЕМЕННАЯ ЭЛЕКТРОМЕТАЛЛУРГИЯ, № 3 (124), 2016

ВАКУУМНО-ДУГОВОЙ ПЕРЕПЛАВ

                                                        

ɩɪеɢɦɭɳеɫɬɜо ɛɵɫɬɪоɡаɥеɧɧɵɯ ɬеɯɧоɥоɝɢɣ ² 
ɜоɡɦоɠɧоɫɬɶ ɭɩɪаɜɥеɧɢɹ ɤɪɢɫɬаɥɥɢɱеɫɤоɣ ɫɬɪɭɤ-
ɬɭɪоɣ ɜ ɩɪоɰеɫɫе ɧеɩоɫɪеɞɫɬɜеɧɧоɣ ɡаɤаɥɤɢ ɢɡ 
ɪаɫɩɥаɜа, а ɬаɤɠе ɜ ɯоɞе ɞаɥɶɧеɣɲеɣ ɬеɪɦооɛɪа-
ɛоɬɤɢ. Аɥɶɬеɪɧаɬɢɜɧɵе ɬеɯɧоɥоɝɢɢ ɩоɥɭɱеɧɢɹ 
ɩоɫɬоɹɧɧɵɯ ɦаɝɧɢɬоɜ ɦоɝɭɬ оɛеɫɩеɱɢɬɶ ɦеɥɤо-
ɤɪɢɫɬаɥɥɢɱеɫɤɭɸ ɫɬɪɭɤɬɭɪɭ, ɤоɬоɪаɹ ɭɜеɥɢɱɢɜаеɬ 
ɡɧаɱеɧɢɹ ɦаɝɧɢɬɧɵɯ ɫɜоɣɫɬɜ ɩɪоɢɡɜоɞɢɦɵɯ ɦаɝ-
ɧɢɬоɜ ɩо ɫɪаɜɧеɧɢɸ ɫо ɫɬоɥɛɱаɬоɣ, ɪаɜɧооɫɧоɣ 
ɢɥɢ ɦоɧоɤɪɢɫɬаɥɥɢɱеɫɤоɣ. Ʉаɠɞɵɣ ɢɡ ɫɩоɫоɛоɜ 
ɢɦееɬ ɫɜоɢ ɩɪеɢɦɭɳеɫɬɜа ɢ ɧеɞоɫɬаɬɤɢ. Ɉɞɧаɤо, 
ɧа ɧаɲ ɜɡɝɥɹɞ, ɬеɯɧоɥоɝɢɹ ɞɢɫɩеɪɝɢɪоɜаɧɢɹ ɢɡ 
ɪаɫɩɥаɜа ɫоɱеɬаеɬ ɜ ɫеɛе оɬɧоɫɢɬеɥɶɧɭɸ ɩɪоɫɬоɬɭ 
оɛоɪɭɞоɜаɧɢɹ ɫ ɜɵɫоɤɢɦ ɤаɱеɫɬɜоɦ ɩоɥɭɱаеɦɵɯ 
ɦаɬеɪɢаɥоɜ.

Ɍеɯɧоɥоɝɢɹ ɞɢɫɩеɪɝɢɪоɜаɧɢɹ ɢɡ ɪаɫɩɥаɜа ɩɪɢ 
ɂɉɋɄ ɹɜɥɹеɬɫɹ ɩеɪɫɩеɤɬɢɜɧɵɦ ɫɩоɫоɛоɦ ɩоɥɭ-
ɱеɧɢɹ аɦоɪɮɧɵɯ ɢ ɦеɥɤоɤɪɢɫɬаɥɥɢɱеɫɤɢɯ ɫɩɥа-
ɜоɜ, ɧо ɧа ɫеɝоɞɧɹɲɧɢɣ ɞеɧɶ, ɩоɤа ɧеɞоɫɬаɬоɱɧо 
ɢɡɭɱеɧа. ȼ ɯоɞе ɩɪеɞɵɞɭɳɢɯ ɢɫɫɥеɞоɜаɧɢɣ ɛɵɥɢ 
ɩоɥɭɱеɧɵ ɱеɲɭɣɤɢ ɢɡ ɪаɡɧɵɯ ɫɩɥаɜоɜ >3@, оɞɧаɤо 
ɧе ɛɵɥа ɭɫɬаɧоɜɥеɧа ɡаɜɢɫɢɦоɫɬɶ ɪаɡɦеɪа ɱеɲɭ-
еɤ оɬ ɫɤоɪоɫɬɢ ɜɪаɳеɧɢɹ ɞɢɫɤа. ɐеɥɶɸ ɬеɤɭɳеɝо 
ɢɫɫɥеɞоɜаɧɢɹ ɹɜɥɹеɬɫɹ ɪеɲеɧɢе ɥоɤаɥɶɧоɣ ɡаɞа-
ɱɢ ² оɩɪеɞеɥеɧɢе ɡаɜɢɫɢɦоɫɬɢ ɦеɠɞɭ ɝеоɦеɬɪɢ-
ɱеɫɤɢɦɢ ɪаɡɦеɪаɦɢ ɱеɲɭеɤ ɢ ɥɢɧеɣɧоɣ ɫɤоɪоɫɬɶɸ 
ɜɪаɳеɧɢɹ ɡаɤаɥоɱɧоɝо ɞɢɫɤа.

Мɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ɉɫɧоɜɧаɹ 
ɡаɞаɱа ɞаɧɧоɣ ɪаɛоɬɵ ² оɩɪеɞеɥɢɬɶ ɮоɪɦɭ ɢ ɝео-
ɦеɬɪɢɱеɫɤɢе ɪаɡɦеɪɵ ɱеɲɭеɤ ɩɪɢ ɜаɪɶɢɪоɜаɧɢɢ 
ɥɢɧеɣɧоɣ ɫɤоɪоɫɬɢ ɡаɤаɥоɱɧоɝо ɞɢɫɤа. ɉɪоɰеɫɫ 

ɞɢɫɩеɪɝɢɪоɜаɧɢɹ ɢɡ ɪаɫɩɥаɜа ɩɪɢ ɂɉɋɄ ɫɯеɦаɬɢ-
ɱеɫɤɢ ɩɪеɞɫɬаɜɥеɧ ɧа ɪɢɫ. 1. ȼ ɞаɧɧоɦ ɷɤɫɩеɪɢ-
ɦеɧɬе ɰɢɥɢɧɞɪɢɱеɫɤаɹ ɡаɝоɬоɜɤа 9 ɩоɞɧɢɦаеɬɫɹ 
ɧа ɭɪоɜеɧɶ ɢɧɞɭɤɬоɪа 4, ɝɞе ɩоɞ ɞеɣɫɬɜɢеɦ ɷɥеɤ-
ɬɪоɦаɝɧɢɬɧоɝо ɩоɥɹ ɪаɫɩɥаɜɥɹеɬɫɹ ɢ оɬɠɢɦаеɬ-
ɫɹ оɬ ɫɬеɧоɤ ɫеɤɰɢоɧɧоɝо ɤɪɢɫɬаɥɥɢɡаɬоɪа 6. Ɂа-
ɤаɥоɱɧɵɣ ɞɢɫɤ 1 ɜɪаɳаеɬɫɹ ɜ ɞɢаɩаɡоɧе оɬ 0 ɞо 
5000 оɛ/ɦɢɧ.

ȼ ɤаɱеɫɬɜе ɮɢɤɫɢɪоɜаɧɧɵɯ ɡɧаɱеɧɢɣ ɜɪаɳе-
ɧɢɹ ɞɢɫɤа ɜɵɛɪаɥɢ ɫɥеɞɭɸɳɢе оɛоɪоɬɵ ɞɜɢɝаɬе-
ɥɹ: 500, 1500, 2500, 3500, 4500 оɛ/ɦɢɧ. ȼ ɩɪоɰеɫ-
ɫе ɞɢɫɩеɪɝɢɪоɜаɧɢɹ ɩɪɢɦеɧɹɥɢ ɞɢɫɤ ɞɢɦеɬɪоɦ 
180 ɦɦ. ȼ ɪеɡɭɥɶɬаɬе ɥɢɧеɣɧаɹ ɫɤоɪоɫɬɶ ɫоɫɬаɜɢ-
ɥа: �,4; 28,2; 47; 65,8; 84,6 ɦ/ɫ ɫооɬɜеɬɫɬɜеɧɧо. Ƚе-
оɦеɬɪɢɱеɫɤɢе ɪаɡɦеɪɵ ɩоɥɭɱеɧɧɵɯ ɱеɲɭеɤ ɢɡɦе-
ɪɹɥɢ ɦɢɤɪоɦеɬɪоɦ ɢ ɲɬаɧɝеɧɰɢɪɤɭɥеɦ (ɜɵɛоɪɤа 
ɢɡ ɬɪеɯ оɛɪаɡɰоɜ).

ȼ ɤаɱеɫɬɜе ɢɫɯоɞɧоɝо ɦаɬеɪɢаɥа ɞɥɹ ɩоɥɭɱеɧɢɹ 
ɱеɲɭеɤ ɢɫɩоɥɶɡоɜаɥɢ ɫɩɥаɜ ɠеɥеɡа ɫ ɫоɞеɪɠаɧɢ-
еɦ ɭɝɥеɪоɞа 0,03 �. ȼɪаɳеɧɢе ɡаɤаɥоɱɧоɝо ɞɢɫ-
ɤа оɫɭɳеɫɬɜɥɹɥɢ ɞɜɢɝаɬеɥеɦ ɩоɫɬоɹɧɧоɝо ɬоɤа. 
Ɋеɝɭɥɢɪоɜаɧɢе ɫɤоɪоɫɬɢ ɜɪаɳеɧɢɹ ɩɪоɢɡɜоɞɢɥɢ 
ɢɡɦеɧеɧɢеɦ ɩɢɬаɸɳеɝо ɧаɩɪɹɠеɧɢɹ. ɂɡɦеɪɹɥɢ 
ɪеаɥɶɧɭɸ ɫɤоɪоɫɬɶ ɜɪаɳеɧɢɹ ɫ ɭɱеɬоɦ ɧаɝɪɭɡɤɢ 
ɧа ɜаɥɭ (ɡаɤаɥоɱɧɵɣ ɞɢɫɤ) ɩɪɢ ɩоɦоɳɢ ɷɧɤоɞеɪа 
«Autonics E40+».

Ɉɛɫɭɠɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ. ȼ ɪеɡɭɥɶɬаɬе ɷɤɫɩеɪɢ-
ɦеɧɬа ɩоɥɭɱеɧɵ оɛɪаɡɰɵ ɪаɡɧоɣ ɝеоɦеɬɪɢɱеɫɤоɣ 
ɮоɪɦɵ (ɪɢɫ. 2). Ⱦɥɢɧа ɜɫеɯ оɛɪаɡɰоɜ ɧеɡаɜɢɫɢɦо 
оɬ ɥɢɧеɣɧоɣ ɫɤоɪоɫɬɢ ɜɪаɳеɧɢɹ ɞɢɫɤа оɫɬаеɬɫɹ 
ɩоɫɬоɹɧɧоɣ ɢ ɫоɫɬаɜɥɹеɬ 8...12 ɦɦ. Ⱦаɧɧɭɸ ɞɥɢɧɭ 
ɱеɲɭеɤ оɛɭɫɥаɜɥɢɜаɸɬ ɩɪоɬоɱɤɢ ɧа ɪаɛоɱеɣ ɞо-
ɪоɠɤе ɞɢɫɤа >4@.

ɉаɪаɦеɬɪ, ɤоɬоɪɵɣ ɡɧаɱɢɬеɥɶɧо ɢɡɦеɧɹеɬɫɹ 
ɜ ɡаɜɢɫɢɦоɫɬɢ оɬ ɥɢɧеɣɧоɣ ɫɤоɪоɫɬɢ ɜɪаɳеɧɢɹ 
ɞɢɫɤа ² ɷɬо ɬоɥɳɢɧа ɱеɲɭеɤ. ȼ ɬаɛɥɢɰе ɩɪеɞ-
ɫɬаɜɥеɧɵ ɪеɡɭɥɶɬаɬɵ ɢɡɦеɪеɧɢɹ ɬоɥɳɢɧɵ ɱеɲɭеɤ. 
ɉо ɭɫɪеɞɧеɧɧɵɦ ɡɧаɱеɧɢɹɦ оɩɪеɞеɥеɧа ɡаɜɢɫɢ-
ɦоɫɬɶ, ɩɪеɞɫɬаɜɥеɧɧаɹ ɧа ɪɢɫ. 3. ȼ ɯоɞе аɧаɥɢɡа 
ɷɤɫɩеɪɢɦеɧɬаɥɶɧɵɯ ɞаɧɧɵɯ ɭɫɬаɧоɜɥеɧо, ɱɬо ɞаɧ-
ɧаɹ ɡаɜɢɫɢɦоɫɬɶ ɦеɠɞɭ ɬоɥɳɢɧоɣ ɡаɬɜеɪɞеɜɲеɝо 
ɦеɬаɥɥа ɢ ɥɢɧеɣɧоɣ ɫɤоɪоɫɬɶɸ ɜɪаɳеɧɢɹ ɞɢɫɤа 
ɤоɪɪеɥɢɪɭеɬɫɹ ɫ ɜеɥɢɱɢɧоɣ R2   0,���6 ɤ ɝɪаɮɢɤɭ 
ɡаɬɭɯаɸɳеɣ ɷɤɫɩоɧеɧɬɵ ɜɢɞа:

( ) 1 0
1

exp ,vy v A yt
 

= − +  
 

(1)

ɝɞе A1 ² аɦɩɥɢɬɭɞа; t1 ² ɤоɧɫɬаɧɬа ɡаɬɭɯаɧɢɹ; 
y0 ² ɤоɧɫɬаɧɬа ɫɦеɳеɧɢɹ.

Ⱦɥɹ ɩоɞɛоɪɤɢ ɤоɷɮɮɢɰɢеɧɬоɜ ɤ ɭɪаɜɧеɧɢɸ 
(1) ɢɫɩоɥɶɡоɜаɥɢ ɩɪоɝɪаɦɦɧɵɣ ɩɪоɞɭɤɬ «Origin». 
ȼ ɪеɡɭɥɶɬаɬе оɩɪеɞеɥеɧɵ ɫɥеɞɭɸɳɢе ɡɧаɱеɧɢɹ 
ɤоɷɮɮɢɰɢеɧɬоɜ: A1   6,4�672, t1   257,0546, y0   

Ɋɢɫ. 1. ɉɪоɰеɫɫ ɞɢɫɩеɪɝɢɪоɜаɧɢɹ: 1 ² ɡаɤаɥоɱɧɵɣ ɞɢɫɤ; 2 ² 
ɛɭɧɤеɪ; 3 ² ɱеɲɭɣɤɢ; 4 ² ɢɧɞɭɤɬоɪ; 5 ² ɪаɫɩɥаɜɥеɧɧаɹ ɜаɧ-
ɧа ɦеɬаɥɥа; 6 ² ɫеɤɰɢоɧɧɵɣ ɤɪɢɫɬаɥɥɢɡаɬоɪ; 7 ² ɩоɞɞоɧ; 
8 ² ɜаɤɭɭɦɧɵɣ ɧаɫоɫ; 9 ² ɩеɪеɩɥаɜɥɹеɦаɹ ɡаɝоɬоɜɤа; 10 ² 
ɤаɦеɪа
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  0,037115. ȼ ɯоɞе ɩоɞɫɬаɧоɜɤɢ ɤоɷɮɮɢɰɢеɧɬоɜ 
ɩоɥɭɱеɧо ɭɪаɜɧеɧɢе:

( ) 6,4�672 exp 0,037115.257,0546
vy v  = − + 

 
(2)

ɋɢɧɬеɡɢɪɭɹ ɷɬɭ ɡаɜɢɫɢɦоɫɬɶ ɫ ɪеаɥɶɧɵɦ ɩɪо-
ɰеɫɫоɦ ɞɢɫɩеɪɝɢɪоɜаɧɢɹ ɢɡ ɪаɫɩɥаɜа ɦоɠɧо 
оɩɪеɞеɥɢɬɶ ɮɢɡɢɱеɫɤɢɣ ɫɦɵɫɥ ɩоɥɭɱеɧɧɵɯ ɤо-
ɷɮɮɢɰɢеɧɬоɜ. Ʉоɧɫɬаɧɬа ɫɦеɳеɧɢɹ y0 оɬоɛɪаɠаеɬ 
ɩɪеɞеɥɶɧо ɜоɡɦоɠɧɭɸ ɬоɥɳɢɧɭ ɱеɲɭеɤ ɩɪɢ ɥɢ-
ɧеɣɧоɣ ɫɤоɪоɫɬɢ ɜɪаɳеɧɢɹ ɞɢɫɤа, ɫɬɪеɦɹɳеɝоɫɹ ɤ 
ɛеɫɤоɧеɱɧоɫɬɢ. ȼ ɤаɱеɫɬɜе ɤɪɢɬеɪɢɹ ɞɥɹ ɞаɥɶɧеɣ-
ɲеɝо аɧаɥɢɡа оɩɬɢɦаɥɶɧɵɯ ɩаɪаɦеɬɪоɜ ɥɢɧеɣɧоɣ 
ɫɤоɪоɫɬɢ ɡаɤаɥоɱɧоɝо ɞɢɫɤа ɢɫɩоɥɶɡоɜаɥɢ ɛеɡɪаɡ-
ɦеɪɧɵɣ ɤоɷɮɮɢɰɢеɧɬ K ɜ ɭɪаɜɧеɧɢɢ (3), ɝɞе yi ² 
ɬоɥɳɢɧа ɱеɲɭеɤ ɩɪɢ оɩɪеɞеɥеɧɧоɣ i-ɬоɣ ɥɢɧеɣ-
ɧоɣ ɫɤоɪоɫɬɢ ɜɪаɳеɧɢɹ ɞɢɫɤа:

Ki   yi/y0. (3)
Ɋаɫɱеɬɧɵе ɡɧаɱеɧɢɹ ɛеɡɪаɡɦеɪɧоɝо ɤоɷɮɮɢɰɢ-

еɧɬа ɩɪɢɜеɞеɧɵ ɞɥɹ ɤаɠɞоɝо ɡɧаɱеɧɢɹ ɥɢɧеɣɧоɣ 
ɫɤоɪоɫɬɢ (ɬаɛɥɢɰа). ȼ ɪеɡɭɥɶɬаɬе аɧаɥɢɡа ɩоɥɭɱеɧ-
ɧɵɯ ɡɧаɱеɧɢɣ ɦоɠɧо ɫɞеɥаɬɶ ɜɵɜоɞ, ɱɬо ɥɢɧеɣɧаɹ 
ɫɤоɪоɫɬɶ ɜɪаɳеɧɢɹ ɞɢɫɤа, ɩɪɢ ɤоɬоɪоɣ ɛеɡɦеɪɧɵɣ 
ɤоɷɮɮɢɰɢеɧɬ ɫɬɪеɦɢɬɫɹ ɤ еɞɢɧɢɰе, ɬ. е. ɩɪɢɛɥɢɠа-
еɬɫɹ ɤ ɩɪеɞеɥɶɧо ɞоɩɭɫɬɢɦоɦɭ ɡɧаɱеɧɢɸ ɬоɥɳɢɧɵ 
ɱеɲɭеɤ, ɢ ɹɜɥɹеɬɫɹ оɩɬɢɦаɥɶɧоɣ. ɇа оɫɧоɜаɧɢɢ 
ɪаɫɱеɬɧɵɯ ɡɧаɱеɧɢɣ ɤоɷɮɮɢɰɢеɧɬа (3) ɭɫɬаɧоɜɥе-
ɧо, ɱɬо оɩɬɢɦаɥɶɧаɹ ɥɢɧеɣɧаɹ ɫɤоɪоɫɬɶ ɜɪаɳеɧɢɹ 

ɞɢɫɤа ɧаɯоɞɢɬɫɹ ɜ ɞɢаɩаɡоɧе 65,8...84,6 ɦ/ɫ ɢ ɞаɥɶ-
ɧеɣɲее ɭɜеɥɢɱеɧɢе ɫɤоɪоɫɬɢ ɧе ɩɪɢɜеɞеɬ ɤ ɫɭɳе-
ɫɬɜеɧɧоɦɭ ɢɡɦеɧеɧɢɸ ɬоɥɳɢɧɵ ɱеɲɭеɤ.

Ɍаɤɠе ɢɧɬеɪеɫɧɵɦ ɹɜɥɹеɬɫɹ ɫɥɭɱаɣ, ɤоɝɞа ɥɢ-
ɧеɣɧаɹ ɫɤоɪоɫɬɶ ɜɪаɳеɧɢɹ ɡаɤаɥоɱɧоɝо ɞɢɫɤа 
ɫɬɪеɦɢɬɶɫɹ ɤ ɧɭɥɸ. ȼ ɬаɤоɦ ɫɥɭɱае ɭɪаɜɧеɧɢе (1) 
ɢɦееɬ ɜɢɞ:

y(v)   A1e
0 � y0. (4)

ɉоɞɫɬаɜɢɜ ɤоɷɮɮɢɰɢеɧɬɵ ɩоɥɭɱɢɦ ɡɧаɱеɧɢе 
у(х ĺ 0)   6,533835 ɦɦ, ɤоɬоɪое оɬоɛɪаɠаеɬ ɦаɤ-
ɫɢɦаɥɶɧо ɜоɡɦоɠɧое ɡɧаɱеɧɢе ɬоɥɳɢɧɵ ɱеɲɭеɤ ɩɪɢ 
ɛеɫɤоɧеɱɧо ɦаɥɵɯ оɛоɪоɬаɯ ɡаɤаɥоɱɧоɝо ɞɢɫɤа.

Ɋɢɫ. 3. Ɂаɜɢɫɢɦоɫɬɶ ɬоɥɳɢɧɵ ɱеɲɭеɤ оɬ ɥɢɧеɣɧоɣ ɫɤоɪоɫɬɢ 
ɜɪаɳеɧɢɹ ɡаɤаɥоɱɧоɝо ɞɢɫɤа

 
Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɥɢɧɟɣɧɨɣ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɡɚɤɚɥɨɱɧɨɝɨ ɞɢɫɤɚ

Ʌɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ� ɦ�ɫ
Ɍɨɥɳɢɧɚ ɢɡɦɟɪɹɟɦɵɯ ɱɟɲɭɟɤ� ɦɦ ɍɫɪɟɞɧɟɧɧɨɟ 

ɡɧɚɱɟɧɢɟ ɬɨɥɳɢɧɵ 
ɨɛɪɚɡɰɨɜ� ɦɦ

Ɂɧɚɱɟɧɢɟ 
ɛɟɡɪɚɡɦɟɪɧɨɝɨ 

ɤɨɷɮɮɢɰɢɟɧɬɚ Ki

Ɉɛɪɚɡɟɰ ʋ � Ɉɛɪɚɡɟɰ ʋ � Ɉɛɪɚɡɟɰ ʋ �

�,4 0,07 0,11 0,11 0,�7 26,2
28,2 0,03 0,06 0,0� 0,06 1,60
47,0 0,05 0,035 0,05 0,045 1,21
65,8 0,045 0,04 0,04 0,041 1,11
84,6 0,04 0,04 0,035 0,038 1,02

Ɋɢɫ. 2. ȼɢɞ ɱеɲɭеɤ, ɩоɥɭɱеɧɧɵɯ 
ɩɪɢ ɪаɡɧоɣ ɫɤоɪоɫɬɢ ɜɪаɳеɧɢɹ 
ɞɢɫɤа, оɛ./ɦɢɧ: а ² 500; б ² 1500; 
в ² 2500; г ² 3500; д ² 4500
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Ɍеɯɧоɥоɝɢɹ, оɫɧоɜаɧɧаɹ ɧа ɡаɤаɥɤе ɪаɫɩɥаɜа, 
ɹɜɥɹеɬɫɹ аɥɶɬеɪɧаɬɢɜоɣ ɬɪаɞɢɰɢоɧɧоɣ ɩоɪоɲɤо-
ɜоɣ ɬеɯɧоɥоɝɢɢ ɩоɥɭɱеɧɢɹ ɩоɫɬоɹɧɧɵɯ ɦаɝɧɢɬоɜ 
ɢ ɦоɠеɬ ɛɵɬɶ ɲɢɪоɤо ɢɫɩоɥɶɡоɜаɧа ɧа ɩɪаɤɬɢɤе. 
ȿе ɩɪеɢɦɭɳеɫɬɜа ɫɥеɞɭɸɳɢе: ɢɫɤɥɸɱеɧа ɧеоɛ-
ɯоɞɢɦоɫɬɶ ɪаɛоɬɵ ɫ ɞɢɫɩеɪɫɧɵɦɢ ɩоɪоɲɤаɦɢ, 
а ɩоɥɭɱаеɦɵе ɛɵɫɬɪоɡаɤаɥеɧɧɵе ɦаɬеɪɢаɥɵ ɞо-
ɩɭɫɤаɸɬ ɢɯ ɞɥɢɬеɥɶɧое ɯɪаɧеɧɢе ɧа ɜоɡɞɭɯе ɛеɡ 
ɫɭɳеɫɬɜеɧɧɵɯ ɢɡɦеɧеɧɢɣ ɦаɝɧɢɬɧɵɯ ɫɜоɣɫɬɜ ɢ 
ɫɬɪɭɤɬɭɪɵ; ɬеɯɧоɥоɝɢɹ, ɛаɡɢɪɭеɦаɹ ɧа ɛɵɫɬɪоɡа-
ɤаɥеɧɧɵɯ ɦаɬеɪɢаɥаɯ, ɞаеɬ ɜоɡɦоɠɧоɫɬɶ ɩоɥɭɱаɬɶ 
ɜɵɫоɤоаɧɢɡоɬɪоɩɧɵе ɩоɫɬоɹɧɧɵе ɦаɝɧɢɬɵ ɫ ɜɵ-
ɫоɤɢɦ ɡɧаɱеɧɢеɦ ɦаɝɧɢɬɧоɣ ɷɧеɪɝɢɢ >5@.

Ɉɞɧаɤо ɮоɪɦа ɢ ɝеоɦеɬɪɢɱеɫɤɢе ɪаɡɦеɪɵ оɩɢ-
ɫɵɜаɸɬ ɬоɥɶɤо оɛɳее ɩɪеɞɫɬаɜɥеɧɢе о ɦеɬоɞе 
ɷɤɫɬɪаɤɰɢɢ ɢɡ ɪаɫɩɥаɜа ɩɪɢ ɂɉɋɄ. ȼ ɯоɞе ɞаɥɶ-
ɧеɣɲɢɯ ɢɫɫɥеɞоɜаɧɢɣ ɩɥаɧɢɪɭеɬɫɹ оɩɪеɞеɥɢɬɶ 
ɡаɜɢɫɢɦоɫɬɶ ɦеɠɞɭ ɤɪɢɫɬаɥɥɢɱеɫɤоɣ ɫɬɪɭɤɬɭɪоɣ 
ɦоɞеɥɶɧɵɯ ɦаɬеɪɢаɥоɜ, а ɬаɤɠе ɧеɩоɫɪеɞɫɬɜеɧɧо 
ɦаɝɧɢɬɧɵɯ ɫɩɥаɜоɜ. Ɉɫɧоɜɧаɹ ɡаɞаɱа ² оɩɪеɞеɥе-
ɧɢе ɜɥɢɹɧɢɹ ɦеɥɤоɤɪɢɫɬаɥɥɢɱеɫɤоɣ ɫɬɪɭɤɬɭɪɵ ɧа 
ɦаɝɧɢɬɧɵе ɯаɪаɤɬеɪɢɫɬɢɤɢ ɫɩɥаɜа ɘɇȾ 8. Ⱦаɧ-
ɧɵɣ ɫɩɥаɜ оɬɧоɫɢɬɫɹ ɤ ɫеɦеɣɫɬɜɭ ɦаɝɧɢɬɧɵɯ ɫɩɥа-
ɜоɜ аɥɶɧɢɤо, ɤоɬоɪɵе ɜ ɧаɫɬоɹɳее ɜɪеɦɹ ɩоɥɭɱаɸɬ 
ɜ ɩоɞаɜɥɹɸɳеɦ ɛоɥɶɲɢɧɫɬɜе ɥɢɬɶеɦ. Ɍɪаɞɢɰɢоɧ-
ɧɵе ɬеɯɧоɥоɝɢɢ ɩоɡɜоɥɹɸɬ ɩоɥɭɱаɬɶ ɪаɜɧооɫɧɭɸ, 
ɫɬоɥɛɱаɬɭɸ ɢɥɢ ɦоɧоɤɪɢɫɬаɥɥɢɱеɫɤɭɸ ɫɬɪɭɤɬɭɪɭ, 
а ɩɪɢɦеɧеɧɢе ɬеɯɧоɥоɝɢɢ ɛɵɫɬɪоɣ ɡаɤаɥɤɢ ² ɦɢ-
ɤɪоɤɪɢɫɬаɥɥɢɱеɫɤɭɸ ɥɢɛо аɦоɪɮɧɭɸ, ɱɬо ɞоɥɠɧо 
ɫɭɳеɫɬɜеɧɧо ɩоɜɥɢɹɬɶ ɧа ɦаɝɧɢɬɧɵе ɫɜоɣɫɬɜа ɩо-
ɥɭɱаеɦɵɯ оɛɪаɡɰоɜ.

ȼɵɜɨɞɵ

1. ȼɵɹɜɥеɧа ɷɤɫɩеɪɢɦеɧɬаɥɶɧаɹ ɡаɜɢɫɢɦоɫɬɶ ɬоɥ-
ɳɢɧɵ ɱеɲɭеɤ, ɩоɥɭɱаеɦɵɯ ɩɪɢ ɷɤɫɬɪаɤɰɢɢ ɢɡ 
ɪаɫɩɥаɜа ɜ ɭɫɥоɜɢɹɯ ɂɉɋɄ, оɬ ɥɢɧеɣɧоɣ ɫɤоɪоɫɬɢ 
ɜɪаɳеɧɢɹ ɡаɤаɥоɱɧоɝо ɞɢɫɤа. ȼ ɪеɡɭɥɶɬаɬе ɦаɬе-
ɦаɬɢɱеɫɤоɝо аɧаɥɢɡа ɷɤɫɩоɧеɧɰɢаɥɶɧоɣ ɡаɜɢɫɢ-
ɦоɫɬɢ, оɩɪеɞеɥеɧɵ ɦɢɧɢɦаɥɶɧаɹ ɢ ɦаɤɫɢɦаɥɶɧаɹ 
ɬоɥɳɢɧа ɱеɲɭеɤ.

2. ɍɫɬаɧоɜɥеɧо, ɱɬо ɩɪɢ ɥɢɧеɣɧɵɯ ɫɤоɪоɫɬɹɯ 
ɜɪаɳеɧɢɹ ɞɢɫɤа ɜ ɞɢаɩаɡоɧе 65,8...84,6 ɦ/ɫ ɬоɥ-
ɳɢɧа ɩоɥɭɱаеɦɵɯ ɱеɲɭеɤ ɛɥɢɡɤа ɤ ɩɪеɞеɥɶɧоɣ ɢ 
ɞаɥɶɧеɣɲее ɭɜеɥɢɱеɧɢе ɫɤоɪоɫɬɢ ɧе ɩɪɢɜоɞɢɬ ɤ 
ɫɭɳеɫɬɜеɧɧɵɦ ɢɡɦеɧеɧɢɹɦ ɝеоɦеɬɪɢɱеɫɤɢɯ ɪаɡ-
ɦеɪоɜ.
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The advanced methods of producing the rapid-hardening materials allow their manufacture of various geometric shape, 
such as strips, powders, Àakes, microwires. The shape and sizes of these alloys are provided by different technological 
features of the eTuipment for the producing of rapid-hardening materials. +owever, the limit in geometric sizes confines 
the sphere of application of the produced rapid-hardening materials. The challenging direction is the production of high-
energy permanent magnets, for the manufacture of which the powder or grinding materials are necessary. One of the 
methods of producing these materials is the method of extraction (dispersion) from a melt in induction melting using 
a sectional mould, developed at the E.O. Paton Electric Welding Institute, which allows producing rapid-hardening 
Àakes. Experimental data of measuring the geometric sizes of the Àakes at different rates of rotation of the hardening 
disc are presented. Analysis of geometric sizes of the produced materials by the method of dispersion from the melt in 
the induction melting using a sectional mould was made. The dependence of Àake thickness on the rate of the hardening 
disc rotation was obtained. Application of Àakes in production of permanent magnets was analyzed. Ref. 5, Table 1, 
Figures 3.

K e y  w o r d s :  super-rapid hardening; flakes; IMSM; extraction from melt; highly-reaction alloys; permanent 
magnets
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