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ɂɡɭɱеɧа ɜоɡɦоɠɧоɫɬɶ ɷɥеɤɬɪоɲɥаɤоɜоɝо ɩеɪеɩɥаɜа оɬɯоɞоɜ ɩɪеɰɢɡɢоɧɧɵɯ ɫɩɥаɜоɜ 2�ɇɄ, 50ɇ, 46ɇ. ɋɥɢɬɤɢ 
ɩоɥɭɱаɥɢ ɫɩоɫоɛоɦ ɗɒɉ ɪаɫɯоɞɭеɦɵɯ ɷɥеɤɬɪоɞоɜ, ɫɮоɪɦɢɪоɜаɧɧɵɯ ɢɡ оɬɯоɞоɜ ɭɤаɡаɧɧɵɯ ɫɩɥаɜоɜ, ɜ ɤаɦеɪ-
ɧоɣ ɷɥеɤɬɪоɲɥаɤоɜоɣ ɩеɱɢ ɜ аɬɦоɫɮеɪе аɪɝоɧа. Ⱦɥɹ оɛеɫɩеɱеɧɢɹ ɢɧɬеɧɫɢɜɧоɝо ɩеɪеɦеɲɢɜаɧɢɹ ɠɢɞɤоɦеɬаɥ-
ɥɢɱеɫɤоɣ ɜаɧɧɵ ɢ ɝоɦоɝеɧɢɡаɰɢɢ ɫоɫɬаɜа ɦеɬаɥɥа ɢɫɩоɥɶɡоɜаɥɢ ɦеɬоɞ ɜоɡɞеɣɫɬɜɢɹ ɜɧеɲɧɢɦ ɩɪоɞоɥɶɧɵɦ ɦаɝ-
ɧɢɬɧɵɦ ɩоɥеɦ. Ɉɬɪаɛоɬаɧɵ ɪеɠɢɦɵ ɗɒɉ ɢ ɩоɫɥеɞɭɸɳеɣ ɬеɪɦоɦеɯаɧɢɱеɫɤоɣ оɛɪаɛоɬɤɢ ɫɥɢɬɤоɜ. ɉоɥɭɱеɧɵ 
ɩоɥɭɮаɛɪɢɤаɬɵ ɜ ɜɢɞе ɞеɮоɪɦɢɪоɜаɧɧɵɯ ɩɪɭɬɤоɜ. ɍɫɬаɧоɜɥеɧо, ɱɬо оɞɧоɤɪаɬɧɵɣ ɗɒɉ ɩоɡɜоɥɹеɬ ɩеɪеɩɥаɜ-
ɥɹɬɶ оɬɯоɞɵ ɩɪеɰɢɡɢоɧɧɵɯ ɫɩɥаɜоɜ 2�ɇɄ, 50ɇ, 46ɇ ɫ ɩоɥɭɱеɧɢеɦ ɦеɬаɥɥа ɭɞоɜɥеɬɜоɪɹɸɳеɝо ɩо ɯɢɦɢɱеɫɤоɦɭ 
ɫоɫɬаɜɭ ɢ ɫɜоɣɫɬɜаɦ ɬɪеɛоɜаɧɢɹɦ ɫооɬɜеɬɫɬɜɭɸɳɢɯ ɫɬаɧɞаɪɬоɜ. ɉɪоɜеɞеɧɵ ɪаɛоɬɵ ɩо ɜɵɩɥаɜɤе ɢ ɩоɫɥеɞɭɸ-
ɳеɣ ɩɪоɤаɬɤе ɩаɪɬɢɢ ɫɥɢɬɤоɜ ɫɩɥаɜа 2�ɇɄ. Ȼɢɛɥɢоɝɪ. 2, ɬаɛɥ. 3, ɢɥ. 5.
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ɉɪеɰɢɡɢоɧɧɵе ɫɩɥаɜɵ ² ɷɬо ɜɵɫоɤоɥеɝɢɪоɜаɧ-
ɧɵе ɫɩɥаɜɵ ɫ ɫɬɪоɝо ɡаɞаɧɧɵɦɢ ɮɢɡɢɱеɫɤɢɦɢ 
ɢ ɮɢɡɢɤо-ɦеɯаɧɢɱеɫɤɢɦɢ ɫɜоɣɫɬɜаɦɢ, оɛɭɫɥоɜ-
ɥеɧɧɵɦɢ ɬоɱɧоɫɬɶɸ ɯɢɦɢɱеɫɤоɝо ɫоɫɬаɜа, оɬɫɭɬ-
ɫɬɜɢеɦ ɩɪɢɦеɫеɣ, ɫоɛɥɸɞеɧɢеɦ ɬеɯɧоɥоɝɢɱеɫɤоɝо 
ɩɪоɰеɫɫа ɢɯ ɜɵɩɥаɜɤɢ ɢ ɩоɫɥеɞɭɸɳеɣ оɛɪаɛоɬɤɢ.

ɋоɝɥаɫɧо ɦеɠɝоɫɭɞаɪɫɬɜеɧɧоɝо ɫɬаɧɞаɪɬа 
ȽɈɋɌ 10��4±74 ɩо ɮɢɡɢɱеɫɤɢɦ ɫɜоɣɫɬɜаɦ ɢ оɛ-
ɥаɫɬɹɦ ɩɪɢɦеɧеɧɢɹ ɩɪеɰɢɡɢоɧɧɵе ɫɩɥаɜɵ ɞеɥɹɬɫɹ 
ɧа ɫеɦɶ ɝɪɭɩɩ: ɦаɝɧɢɬɧо-ɦɹɝɤɢе; ɦаɝɧɢɬɧо-ɬɜеɪ-
ɞɵе; ɫ ɡаɞаɧɧɵɦ ɬеɦɩеɪаɬɭɪɧɵɦ ɤоɷɮɮɢɰɢеɧɬоɦ 
ɥɢɧеɣɧоɝо ɪаɫɲɢɪеɧɢɹ; ɫ ɜɵɫоɤɢɦɢ ɭɩɪɭɝɢɦɢ 
ɫɜоɣɫɬɜаɦɢ; ɫɜеɪɯɩɪоɜоɞɹɳɢе; ɫ ɜɵɫоɤɢɦ ɷɥеɤ-
ɬɪɢɱеɫɤɢɦ ɫоɩɪоɬɢɜɥеɧɢеɦ; ɬеɪɦоɛɢɦеɬаɥɥɵ.

ɋеɝоɞɧɹ ɫɭɳеɫɬɜɭеɬ ɛоɥее 200 ɦаɪоɤ ɩɪеɰɢɡɢ-
оɧɧɵɯ ɫɩɥаɜоɜ, оɬɥɢɱаɸɳɢɯɫɹ ɩо ɯɢɦɢɱеɫɤоɦɭ 
ɫоɫɬаɜɭ, ɫɩоɫоɛаɦ ɜɵɩɥаɜɤɢ ɢ ɦеɬоɞаɦ оɩɬɢɦɢɡа-
ɰɢɢ ɡаɞаɧɧɵɯ ɮɢɡɢɱеɫɤɢɯ ɫɜоɣɫɬɜ >1@. ɋɪеɞɢ ɧɢɯ 
ɛоɥɶɲɭɸ ɝɪɭɩɩɭ ɫɩɥаɜоɜ, ɲɢɪоɤо ɩɪɢɦеɧɹеɦɵɯ ɜ 
ɩɪоɦɵɲɥеɧɧоɫɬɢ, ɩɪеɞɫɬаɜɥɹɸɬ ɫɩɥаɜɵ ɫ ɡаɞаɧ-
ɧɵɦ ɬеɦɩеɪаɬɭɪɧɵɦ ɤоɷɮɮɢɰɢеɧɬоɦ ɥɢɧеɣɧоɝо 
ɪаɫɲɢɪеɧɢɹ (ɌɄɅɊ). ɂɯ ɢɫɩоɥɶɡɭɸɬ ɜ ɦеɬɪоɥо-
ɝɢɢ, ɪаɞɢоɷɥеɤɬɪоɧɧоɣ ɢ ɤɪɢоɝеɧɧоɣ ɬеɯɧɢɤе, ɞɥɹ 
ɢɡɝоɬоɜɥеɧɢɹ ɢɡɦеɪɢɬеɥɶɧоɝо ɢɧɫɬɪɭɦеɧɬа, ɷɥеɤ-
ɬɪоɜаɤɭɭɦɧɵɯ ɢ ɩоɥɭɩɪоɜоɞɧɢɤоɜɵɯ ɩɪɢɛоɪоɜ, 
ɝаɡоɜɵɯ ɥаɡеɪоɜ, ɬеɪɦоɪеɝɭɥɹɬоɪоɜ ɢ ɬ.ɞ.

ɉɪеоɛɥаɞаɸɳее ɱɢɫɥо ɫɩɥаɜоɜ ɬаɤоɝо ɬɢɩа ɫо-
ɫɬаɜɥɹɸɬ ɞɜоɣɧɵе ɢɥɢ ɫɥоɠɧоɥеɝɢɪоɜаɧɧɵе ɫɩɥа-
ɜɵ ɧа ɠеɥеɡоɧɢɤеɥеɜоɣ оɫɧоɜе. Ɍаɤое ɩоɥоɠеɧɢе 
ɩɪеɠɞе ɜɫеɝо оɩɪеɞеɥɹеɬɫɹ ɧаɥɢɱɢеɦ ɜ ɫɢɫɬеɦе 
Fe±Ni оɛɥаɫɬɢ, ɜ ɤоɬоɪоɣ ɫɩɥаɜɵ оɛɥаɞаɸɬ ɪеɡɤо 
ɜɵɪаɠеɧɧоɣ аɧоɦаɥɢеɣ ɬеɩɥоɜоɝо ɪаɫɲɢɪеɧɢɹ >2@.

Ⱦɥɹ ɜаɤɭɭɦɩɥоɬɧɵɯ ɫоеɞɢɧеɧɢɣ ɫо ɫɬеɤɥоɦ ɢ 
ɤеɪаɦɢɤоɣ ɩɪɢɦеɧɹɸɬ ɜ оɫɧоɜɧоɦ ɫɩɥаɜɵ ɧа оɫɧо-
ɜе ɫɢɫɬеɦɵ Fe±Ni±ɋо. ɂɡ ɧɢɯ ɧаɢɛоɥее ɬɢɩɢɱɧɵɦ 
ɢ ɪаɫɩɪоɫɬɪаɧеɧɧɵɦ ɹɜɥɹеɬɫɹ ɫɩɥаɜ 2�ɇɄ (ɤоɜаɪ), 
ɌɄɅɊ ɤоɬоɪоɝо (4...12Â10±6 ɝɪаɞ±1) ɛɥɢɡоɤ ɤ ɌɄɅɊ 
ɫɬеɤɥа ɢ ɤеɪаɦɢɤɢ. ȿɝо ɢɫɩоɥɶɡɭɸɬ ɞɥɹ ɢɡɝоɬоɜɥе-
ɧɢɹ ɦɧоɝоɱɢɫɥеɧɧɵɯ ɷɥеɤɬɪоɜаɤɭɭɦɧɵɯ ɩɪɢɛоɪоɜ, 
ɥаɦɩ ɧаɤаɥɢɜаɧɢɹ ɢ ɥɸɦɢɧеɫɰеɧɬɧɵɯ ɥаɦɩ, ɬаɦ 
ɝɞе ɧеоɛɯоɞɢɦɵ ɝеɪɦеɬɢɱɧɵе ɫɩаɢ ɫо ɫɬеɤɥоɦ.

Ⱦɪɭɝоɣ ɝɪɭɩɩоɣ ɲɢɪоɤо ɢɫɩоɥɶɡɭеɦɵɯ ɜ ɩɪо-
ɦɵɲɥеɧɧоɫɬɢ ɩɪеɰɢɡɢоɧɧɵɯ ɫɩɥаɜоɜ ɹɜɥɹɸɬ-
ɫɹ ɦаɝɧɢɬɧо-ɦɹɝɤɢе ɬɢɩа ɩеɪɦаɥɥоɣ (45ɇ, 50ɇ, 
7�ɇМ ɢ ɞɪ.), оɛɥаɞаɸɳɢе ɜɵɫоɤɢɦɢ ɦаɝɧɢɬɧоɣ 
ɩɪоɧɢɰаеɦоɫɬɶɸ ɢ ɢɧɞɭɤɰɢеɣ ɧаɫɵɳеɧɢɹ. ɂɯ ɢɫ-
ɩоɥɶɡɭɸɬ ɞɥɹ ɢɡɝоɬоɜɥеɧɢɹ ɫеɪɞеɱɧɢɤоɜ ɦаɥоɝаɛа-
ɪɢɬɧɵɯ ɫɢɥоɜɵɯ ɬɪаɧɫɮоɪɦаɬоɪоɜ ɢ ɬɪаɧɫɮоɪɦа-
ɬоɪоɜ ɡɜɭɤоɜɵɯ ɱаɫɬоɬ, ɞɪоɫɫеɥеɣ, ɪеɥе ɢ ɞеɬаɥеɣ 
ɦаɝɧɢɬɧɵɯ ɰеɩеɣ, ɷɥеɤɬɪоɦаɝɧɢɬɧɵɯ ɷɤɪаɧоɜ ɢ 
ɪаɡɥɢɱɧɵɯ ɦаɝɧɢɬоɩɪоɜоɞоɜ.

ɇеɫɦоɬɪɹ ɧа ɪаɡɥɢɱɧое ɩɪɢɦеɧеɧɢе ɭɤаɡаɧɧɵɯ 
ɜɵɲе ɫɩɥаɜоɜ оɫоɛеɧɧоɫɬɢ ɢɯ ɦеɬаɥɥɭɪɝɢɱеɫɤо-
ɝо ɩɪоɢɡɜоɞɫɬɜа ɜо ɦɧоɝоɦ ɫɯоɠɢ. ɉɪоɰеɫɫɵ ɜɵ-
ɩɥаɜɤɢ ɢ ɩоɫɥеɞɭɸɳеɣ ɬеɪɦоɞеɮоɪɦаɰɢоɧɧоɣ 
оɛɪаɛоɬɤɢ ɫɩɥаɜоɜ ɞоɥɠɧɵ оɛеɫɩеɱɢɜаɬɶ ɢɯ ɬоɱ-
ɧɵɣ ɯɢɦɢɱеɫɤɢɣ ɫоɫɬаɜ, ɝоɦоɝеɧɧоɫɬɶ, ɱɢɫɬоɬɭ оɬ 
ɜɪеɞɧɵɯ ɩɪɢɦеɫеɣ ɢ ɜɤɥɸɱеɧɢɣ, ɡаɞаɧɧое ɫɬɪɭɤ-
ɬɭɪɧое ɫоɫɬоɹɧɢе.

ɐеɥɶ ɞаɧɧоɣ ɪаɛоɬɵ ² ɪаɡɪаɛоɬɤа ɫɯеɦɵ ɢ 
ɪеɠɢɦоɜ ɷɥеɤɬɪоɲɥаɤоɜоɝо ɩеɪеɩɥаɜа (ɗɒɉ) 
ɢ ɩоɫɥеɞɭɸɳеɣ ɬеɪɦоɦеɯаɧɢɱеɫɤоɣ оɛɪаɛоɬɤɢ 
оɬɯоɞоɜ ɩɪеɰɢɡɢоɧɧɵɯ ɫɩɥаɜоɜ 2�ɇɄ, 50ɇ, 46ɇ 
(ɬаɛɥ. 1).
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ɋɥеɞɭеɬ оɬɦеɬɢɬɶ, ɱɬо ɫеɝоɞɧɹ ɜ ɍɤɪаɢɧе оɬ-
ɫɭɬɫɬɜɭеɬ ɩɪоɦɵɲɥеɧɧое ɩɪоɢɡɜоɞɫɬɜо ɫɩɥаɜоɜ 
ɞаɧɧоɝо ɬɢɩа. ɉоɷɬоɦɭ ɢɫɫɥеɞоɜаɧɢе ɜоɡɦоɠɧо-
ɫɬɢ ɩеɪеɞеɥа оɬɯоɞоɜ ɩɪеɰɢɡɢоɧɧɵɯ ɫɩɥаɜоɜ ɹɜ-
ɥɹеɬɫɹ аɤɬɭаɥɶɧɵɦ ɢ ɩɪеɞɫɬаɜɥɹеɬ ɩɪаɤɬɢɱеɫɤɢɣ 
ɢɧɬеɪеɫ.

Ɉɬɯоɞɵ ɭɤаɡаɧɧɵɯ ɫɩɥаɜоɜ ɩɪеɞɫɬаɜɥɹɥɢ ɫо-
ɛоɣ ɧеɤоɧɞɢɰɢоɧɧɭɸ ɥеɧɬɭ ɬоɥɳɢɧоɣ 0,3 ɢ ɲɢ-
ɪɢɧоɣ 60...80 ɦɦ, ɥɢɫɬоɜɭɸ оɛɪеɡɶ ɬоɥɳɢɧоɣ 3, 
ɲɢɪɢɧоɣ 15...50 ɢ ɞɥɢɧоɣ 500...800 ɦɦ, а ɬаɤɠе 
оɛɪеɡɶ ɬоɪɰоɜ ɰɢɥɢɧɞɪɢɱеɫɤɢɯ ɩоɤоɜоɤ (ɪɢɫ. 1, а).

ɉɪеɞɜаɪɢɬеɥɶɧɵɣ ɷɬаɩ ɩоɞɝоɬоɜɤɢ ɦаɬеɪɢаɥоɜ 
ɤ ɩеɪеɩɥаɜɭ ɡаɤɥɸɱаɥɫɹ ɜ ɢɯ ɡаɱɢɫɬɤе аɛɪаɡɢɜɧоɣ 
ɳеɬɤоɣ, оɛеɡɠɢɪɢɜаɧɢɢ аɰеɬоɧоɦ ɢ ɩɪоɫɭɲɤе ɜ 
ɩеɱɢ ɩɪɢ Ɍ   300 оɋ.

Ɋаɫɯоɞɭеɦɵе ɷɥеɤɬɪоɞɵ ɮоɪɦɢɪоɜаɥɢ ɢɡ ɜɵɲе-
ɭɩоɦɹɧɭɬɵɯ оɬɯоɞоɜ ɩɪɢ ɩоɦоɳɢ аɪɝоɧоɞɭɝоɜоɣ 
ɫɜаɪɤɢ ɫ ɢɫɩоɥɶɡоɜаɧɢеɦ ɩɪɢɫаɞоɱɧоɝо ɦаɬеɪɢаɥа 
аɧаɥоɝɢɱɧоɝо ɫоɫɬаɜа (ɪɢɫ. 1, б).

ɍɱɢɬɵɜаɹ ɜɵɫоɤɢе ɬɪеɛоɜаɧɢɹ ɤ ɯɢɦɢɱеɫɤоɦɭ 
ɫоɫɬаɜɭ ɦеɬаɥɥа, ɩɥаɜɤɢ оɫɭɳеɫɬɜɥɹɥɢ ɜ ɤаɦеɪ-
ɧоɣ ɷɥеɤɬɪоɲɥаɤоɜоɣ ɩеɱɢ ɜ аɬɦоɫɮеɪе аɪɝоɧа ɫ 
ɩɪеɞɜаɪɢɬеɥɶɧɵɦ ɜаɤɭɭɦɢɪоɜаɧɢеɦ ɩɥаɜɢɥɶɧо-
ɝо ɩɪоɫɬɪаɧɫɬɜа ɞо 5Â10±2 ɦɦ ɪɬ. ɫɬ. ȼɵɩɥаɜɥɹɥɢ 
ɫɥɢɬɤɢ ɞɢаɦеɬɪоɦ 84 ɢ 140 ɦɦ ɫ ɢɫɩоɥɶɡоɜаɧɢеɦ 
ɛеɫɤɢɫɥоɪоɞɧоɝо ɮɬоɪɢɞɧо-ɯɥоɪɢɞɧоɝо ɮɥɸɫа. 
ɇаɜеɞеɧɢе ɲɥаɤоɜоɣ ɜаɧɧɵ оɫɭɳеɫɬɜɥɹɥɢ ɩɪɢ ɩо-
ɦоɳɢ «ɯоɥоɞɧоɝо» ɫɬаɪɬа.

Ⱦɥɹ оɛеɫɩеɱеɧɢɹ ɢɧɬеɧɫɢɜɧоɝо ɩеɪеɦеɲɢɜа-
ɧɢɹ ɠɢɞɤоɦеɬаɥɥɢɱеɫɤоɣ ɜаɧɧɵ ɢ ɝоɦоɝеɧɢɡаɰɢɢ 
ɫоɫɬаɜа ɤɪɢɫɬаɥɥɢɡɢɪɭɸɳеɝоɫɹ ɫɥɢɬɤа ɢɫɩоɥɶ-
ɡоɜаɥɢ ɦеɬоɞ ɜоɡɞеɣɫɬɜɢɹ ɜɧеɲɧɢɦ ɩɪоɞоɥɶɧɵɦ 
ɦаɝɧɢɬɧɵɦ ɩоɥеɦ ɢɧɞɭɤɰɢеɣ ɞо 0,16 Ɍɥ. Ɋеɠɢɦɵ 
ɩɥаɜоɤ ɩɪɢɜеɞеɧɵ ɜ ɬаɛɥ. 2.

ɉɪоɰеɫɫ ɩеɪеɩɥаɜа ɪаɫɯоɞɭеɦɵɯ ɷɥеɤɬɪоɞоɜ, 
ɫɮоɪɦɢɪоɜаɧɧɵɯ ɢɡ ɥеɧɬɵ ɢ ɥɢɫɬоɜоɣ оɛɪеɡɢ, 
ɩɪоɯоɞɢɥ ɫɬаɛɢɥɶɧо, ɛеɡ ɫɭɳеɫɬɜеɧɧɵɯ ɤоɥеɛа-
ɧɢɣ ɬоɤа ɩɥаɜɤɢ (ɪɢɫ. 2, а). ȼ ɫɥɭɱае ɢɫɩоɥɶɡо-

 
Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  � .  ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɟɰɢɡɢɨɧɧɵɯ ɫɩɥɚɜɨɜ ��ɇɄ� ��ɇ� ��ɇ� ɦɚɫ. �

ɋɩɥɚɜ 6i 0n
C 6 P C u

1i C o C r Fe
ɧɟ ɛɨɥɟɟ

2�ɇɄ ɞо 0,3 ɞо 0,4 0,03 0,015 0,015 0,2 28,5...2�,5 17,0...18,0 0,1 Ɉɫɬаɥɶɧое
50ɇ 0,15...0,30 0,3...0,6 0,03 0,020 0,020 0,2 4�,0...50,5 ± ± -»-
46ɇ ɞо 0,3 ɞо 0,4 0,05 0,020 0,020 0,2 45,5...46,5 ± ± -»-

Ɋɢɫ. 1. Ɉɬɯоɞɵ ɩɪеɰɢɡɢоɧɧɵɯ ɫɩɥаɜоɜ (а) ɢ ɫɮоɪɦɢɪоɜаɧɧɵе ɢɡ ɧɢɯ ɪаɫɯоɞɭеɦɵе ɷɥеɤɬɪоɞɵ ɞɥɹ ɗɒɉ (б)

 
Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  � .  Ɋɟɠɢɦɵ ɗɒɉ ɩɪɟɰɢɡɢɨɧɧɵɯ ɫɩɥɚɜɨɜ

ɋɩɥɚɜ ɋɟɱɟɧɢɟ 
ɷɥɟɤɬɪɨɞɚ� ɦɦ

Ⱦɢɚɦɟɬɪ 
ɤɪɢɫɬɚɥɥɢɡɚɪɚ� ɦɦ U � % I � $ vɷɥ� ɦ�ɱ В� Ɍɥ

2�ɇɄ 35î40 84 35 3000...3500 5,0 0,12
2�ɇɄ Ø 45 84 35 2000...4000 5,2 0,10
2�ɇɄ 80î75 140 33 5800...6500 2,7 0,16
50ɇ 83î73 140 32 5800...6000 2,6 0,16
46ɇ 40î40 84 35 3800...4000 5,2 0,12
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ɜаɧɢɹ ɷɥеɤɬɪоɞа, ɫɜаɪеɧɧоɝо ɢɡ ɰɢɥɢɧɞɪɢɱеɫɤɢɯ 
оɛɪеɡɤоɜ (ɪɢɫ. 1, б) ɢɦеɥɢ ɦеɫɬо ɫɭɳеɫɬɜеɧɧɵе ɤо-
ɥеɛаɧɢɹ ɬоɤа ɩɥаɜɤɢ (ɪɢɫ. 2, б). ɗɬɢ ɤоɥеɛаɧɢɹ ɬоɤа 
ɜɵɡɜаɧɵ ɫɧɢɠеɧɢеɦ ɩɥоɳаɞɢ ɩоɩеɪеɱɧоɝо ɫеɱеɧɢɹ 
ɩеɪеɩɥаɜɥɹеɦоɝо ɷɥеɤɬɪоɞа ɜ ɦеɫɬаɯ ɫɜаɪɤɢ. ȼ ɞаɧ-
ɧоɦ ɫɥɭɱае ɞɥɹ оɛеɫɩеɱеɧɢɹ ɫɬаɛɢɥɶɧɵɯ ɪеɠɢɦоɜ 

ɗɒɉ ɢ ɝоɦоɝеɧɧоɫɬɢ ɫɬɪɭɤɬɭɪɵ ɫɥɢɬɤа 
ɰеɥеɫооɛɪаɡɧо ɢɫɩоɥɶɡоɜаɬɶ ɩоɜɬоɪɧɵɣ 
ɩеɪеɩɥаɜ ɢɥɢ ɝаɪаɧɬɢɪоɜаɬɶ ɩоɥɧɵɣ 
ɩɪоɜаɪ ɫɜаɪɧоɝо ɫоеɞɢɧеɧɢɹ ɩɪɢ ɢɡɝо-
ɬоɜɥеɧɢɢ ɪаɫɯоɞɭеɦоɝо ɷɥеɤɬɪоɞа.

ȼ ɪеɡɭɥɶɬаɬе ɩɪоɜеɞеɧɧɵɯ ɷɤɫɩе-
ɪɢɦеɧɬоɜ оɬɪаɛоɬаɧɵ ɪеɠɢɦɵ ɗɒɉ 
оɬɯоɞоɜ ɫɩɥаɜоɜ 2�ɇɄ, 50ɇ ɢ 46ɇ, ɩо-
ɡɜоɥɹɸɳɢе ɩоɥɭɱаɬɶ ɫɥɢɬɤɢ ɫ ɯоɪоɲɢɦ 
ɮоɪɦɢɪоɜаɧɢеɦ ɛоɤоɜоɣ ɩоɜеɪɯɧоɫɬɢ 
(ɪɢɫ. 3) ɢ ɩɥоɬɧоɣ ɦаɤɪоɫɬɪɭɤɬɭɪоɣ, 
ɛеɡ ɩоɪ, ɲɥаɤоɜɵɯ ɜɤɥɸɱеɧɢɣ ɢ ɩɪоɱɢɯ 
ɞеɮеɤɬоɜ. Аɧаɥɢɡ ɦɢɤɪоɫɬɪɭɤɬɭɪɵ ɥɢ-
ɬоɝо ɦеɬаɥɥа ɬаɤɠе ɧе ɜɵɹɜɢɥ ɧаɥɢɱɢе 
ɞеɮеɤɬоɜ ɦеɬаɥɥɭɪɝɢɱеɫɤоɝо ɯаɪаɤɬеɪа 
(ɪɢɫ. 4, а, б).

Ɋеɡɭɥɶɬаɬɵ аɧаɥɢɡоɜ ɯɢɦɢɱеɫɤоɝо 
ɫоɫɬаɜа ɦеɬаɥɥа, оɩɪеɞеɥеɧɧоɝо ɩо ɱе-
ɬɵɪеɦ оɛɪаɡɰаɦ, ɜɵɪеɡаɧɧɵɦ ɢɡ ɪаɡɧɵɯ 
ɭɱаɫɬɤоɜ ɜɵɩɥаɜɥеɧɧɵɯ ɫɥɢɬɤоɜ, ɩɪɢɜе-
ɞеɧɵ ɜ ɬаɛɥ. 3. Ⱦаɧɧɵе ɬаɛɥɢɰɵ ɫɜɢɞе-
ɬеɥɶɫɬɜɭɸɬ, ɱɬо ɫоɫɬаɜ ɩɪеɰɢɡɢоɧɧɵɯ 
ɫɩɥаɜоɜ 2�ɇɄ, 50ɇ, 46ɇ, ɩоɥɭɱеɧɧɵɯ 
ɩɭɬеɦ оɞɧоɤɪаɬɧоɝо ɗɒɉ оɬɯоɞоɜ ɫо-
оɬɜеɬɫɬɜɭɸɳɢɯ ɫɩɥаɜоɜ, ɭɞоɜɥеɬɜоɪɹеɬ 
ɬɪеɛоɜаɧɢɹɦ ɫɬаɧɞаɪɬа (ɬаɛɥ. 1).

ɉоɥɭɱеɧɧɵе ɫɥɢɬɤɢ ɩоɞɜеɪɝɥɢ ɝо-
ɪɹɱеɣ ɩɪоɤаɬɤе ɧа ɩɪɭɬоɤ ɩɪɢ ɬеɦɩе-

ɪаɬɭɪе 1000...1150 оɋ ɫо ɫɦеɧоɣ оɫɢ ɞеɮоɪɦаɰɢɢ 
ɩɪɢ ɤаɠɞоɦ ɩɪоɯоɞе. ɋɬеɩеɧɶ ɞеɮоɪɦаɰɢɢ ɡа оɞɢɧ 
ɩɪоɯоɞ ɫоɫɬаɜɢɥа 4...7 ɩɪɢ оɛɳеɣ ɫɬеɩеɧɢ ɞеɮоɪ-
ɦаɰɢɢ ɞо 70 �. ȼ ɪеɡɭɥɶɬаɬе ɩɪоɤаɬɤɢ ɩоɥɭɱеɧɵ 
ɩɪɭɬɤɢ ɞɢаɦеɬɪоɦ 40...45 ɢ ɞɥɢɧоɣ 800...�00 ɦɦ.

Ɋɢɫ. 2. Ɋеɠɢɦɵ ɩеɪеɩɥаɜа ɷɥеɤɬɪоɞоɜ, ɫɮоɪɦɢɪоɜаɧɧɵɯ ɢɡ ɥеɧɬɵ (а) ɢ ɰɢ-
ɥɢɧɞɪɢɱеɫɤɢɯ оɛɪеɡɤоɜ (б)

Ɋɢɫ. 3. ɋɥɢɬɤɢ ɩɪеɰɢɡɢоɧɧɵɯ ɫɩɥаɜоɜ, ɩоɥɭɱеɧɧɵе ɗɒɉ оɬɯоɞоɜ: а ² 2�ɇɄ, ɞɢаɦеɬɪ 84 ɦɦ; б ² 50ɇ, ɞɢаɦеɬɪ 140 ɦɦ; в ² 
46ɇ, ɞɢаɦеɬɪ 84 ɦɦ
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ɇа ɪɢɫ. 4, в, г ɩɪɢɜеɞеɧа ɦɢɤɪоɫɬɪɭɤɬɭɪа ɫɩɥа-
ɜа 2�ɇɄ ɜ ɫоɫɬоɹɧɢɢ ɩоɫɥе ɞеɮоɪɦаɰɢɢ. Мɢɤɪо-
ɫɬɪɭɤɬɭɪа ɦеɬаɥɥа оɞɧоɪоɞɧаɹ, ɫоɫɬоɢɬ ɩɪеɢɦɭ-
ɳеɫɬɜеɧɧо ɢɡ ɪаɜɧооɫɧɵɯ ɡеɪеɧ ɫ ɯаɪаɤɬеɪɧɵɦ 

ɪаɡɦеɪоɦ 40...70 ɦɤɦ. Ɍɪеɳɢɧ, ɦɢɤɪоɩоɪ ɢ ɩɪоɱɢɯ 
ɞеɮеɤɬоɜ ɧе ɜɵɹɜɥеɧо.

Ɍаɤɢɦ оɛɪаɡоɦ, ɭɫɬаɧоɜɥеɧо, ɱɬо оɞɧоɤɪаɬɧɵɣ 
ɗɒɉ ɩоɡɜоɥɹеɬ ɩеɪеɩɥаɜɥɹɬɶ оɬɯоɞɵ ɩɪеɰɢɡɢоɧ-

Ɋɢɫ. 4. Мɢɤɪоɫɬɪɭɤɬɭɪа ɫɩɥаɜа 2�ɇɄ ɜ ɥɢɬоɦ ɫоɫɬоɹɧɢɢ (а, б) ɢ ɩоɫɥе ɝоɪɹɱеɣ ɞеɮоɪɦаɰɢɢ (в, г): а, в ² î50; б, г ² î125

 
Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  � .  ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɟɰɢɡɢɨɧɧɵɯ ɫɩɥɚɜɨɜ� ɩɨɥɭɱɟɧɧɵɯ ɗɒɉ ɨɬɯɨɞɨɜ� ɦɚɫ. �

ɋɩɥɚɜ 6i 0n 6 P C u 1i C o C r Fe

2�ɇɄ ± 0,20 ± ± 0,18 2�,2 17,0 0,038 53,3

50ɇ 0,15 0,42 ± ± 0,16 4�,6 ± ± 4�,2

46ɇ ± 0,20 ± ± 0,16 45,8 ± ± 53,7

Ɋɢɫ. 5. ȼɧеɲɧɢɣ ɜɢɞ ɫɥɢɬɤоɜ ɩɪеɰɢɡɢоɧɧɵɯ ɫɩɥаɜоɜ ɗɒɉ ɢ ɢɡɝоɬоɜɥеɧɧɵɯ ɢɡ ɧɢɯ ɩоɤоɜоɤ ɢ ɩɪɭɬɤоɜ: а, б, в ɫɦ. ɜ ɬеɤɫɬе
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ɧɵɯ ɫɩɥаɜоɜ 2�ɇɄ, 50ɇ, 46ɇ ɫ ɩоɥɭɱеɧɢеɦ ɦеɬаɥ-
ɥа ɭɞоɜɥеɬɜоɪɹɸɳеɝо ɩо ɯɢɦɢɱеɫɤоɦɭ ɫоɫɬаɜɭ ɢ 
ɫɜоɣɫɬɜаɦ ɬɪеɛоɜаɧɢɹɦ ɫооɬɜеɬɫɬɜɭɸɳɢɯ ɫɬаɧ-
ɞаɪɬоɜ. ɇа оɫɧоɜаɧɢɢ ɷɬоɝо ɢ ɫ ɭɱеɬоɦ ɪаɡɪаɛоɬаɧ-
ɧɵɯ ɪеɠɢɦоɜ ɗɒɉ ɢ ɩоɫɥеɞɭɸɳеɣ ɞеɮоɪɦаɰɢɢ 
ɥɢɬоɝо ɦеɬаɥɥа ɩɪоɜеɞеɧɵ ɪаɛоɬɵ ɩо ɩеɪеɪаɛоɬɤе 
оɩɵɬɧоɣ ɩаɪɬɢɢ ɥɢɫɬоɜɵɯ оɬɯоɞоɜ ɩɪеɰɢɡɢоɧɧоɝо 
ɫɩɥаɜа 2�ɇɄ.

ɉеɪеɞеɥ ɜɤɥɸɱаɥ оɞɧоɤɪаɬɧɵɣ ɗɒɉ ɪаɫɯо-
ɞɭеɦɵɯ ɷɥеɤɬɪоɞоɜ, ɫɮоɪɦɢɪоɜаɧɧɵɯ ɢɡ ɥɢɫɬо-
ɜɵɯ оɬɯоɞоɜ ɫ ɩоɥɭɱеɧɢеɦ ɫɥɢɬɤоɜ ɞɢаɦеɬɪоɦ 
84 ɦɦ (ɪɢɫ. 5, а), ɝоɪɹɱɭɸ ɩɪоɤаɬɤɭ ɫɥɢɬɤоɜ ɧа 
ɩɪɭɬоɤ ɞɢаɦеɬɪоɦ 42 ɦɦ ɫ ɩоɫɥеɞɭɸɳɢɦ оɬɠɢ-
ɝоɦ (ɪɢɫ. 5, б) ɢ оɛɪаɛоɬɤɭ ɧа ɬоɤаɪɧоɦ ɫɬаɧɤе ɫ 
ɩоɥɭɱеɧɢеɦ ɱɢɫɬоɜɵɯ ɩɪɭɬɤоɜ ɞɢаɦеɬɪоɦ 38 ɦɦ 
(ɪɢɫ. 5, в).

ɉоɫɥеɞɭɸɳее ɢɡɝоɬоɜɥеɧɢе ɢɡ ɞаɧɧоɝо ɦеɬаɥ-
ɥа ɢɡɞеɥɢɣ ɢ оɰеɧɤа ɢɯ ɯаɪаɤɬеɪɢɫɬɢɤ ɩоɤаɡаɥɢ, 
ɱɬо ɫɩɥаɜ ɭɞоɜɥеɬɜоɪɹеɬ ɬеɯɧɢɱеɫɤɢɦ ɭɫɥоɜɢɹɦ 
ɩо еɝо ɷɤɫɩɥɭаɬаɰɢɢ, оɛеɫɩеɱɢɜаеɬ ɬɪеɛɭеɦɵɣ 
ɌɄɅɊ ɢ ɜаɤɭɭɦɩɥоɬɧɵɣ ɫɩаɣ ɷɥеɦеɧɬоɜ ɪаɞɢоɷ-
ɥеɤɬɪоɧɧоɣ аɩɩаɪаɬɭɪɵ ɫо ɫɬеɤɥоɦ.

ȼɵɜɨɞɵ

1. Ɋаɡɪаɛоɬаɧа ɬеɯɧоɥоɝɢɱеɫɤаɹ ɫɯеɦа ɢ ɪеɠɢɦɵ 
ɗɒɉ оɬɯоɞоɜ ɩɪеɰɢɡɢоɧɧɵɯ ɫɩɥаɜоɜ 2�ɇɄ, 50ɇ, 
46ɇ. ȼɵɩɥаɜɥеɧɵ ɫɥɢɬɤɢ ɭɤаɡаɧɧɵɯ ɫɩɥаɜоɜ ɞɢ-
аɦеɬɪаɦɢ 84 ɢ 140 ɦɦ ɫ ɤаɱеɫɬɜеɧɧɵɦ ɮоɪɦɢɪо-
ɜаɧɢеɦ ɛоɤоɜоɣ ɩоɜеɪɯɧоɫɬɢ, ɩɥоɬɧоɣ ɦаɤɪо- ɢ 
ɦɢɤɪоɫɬɪɭɤɬɭɪоɣ, ɛеɡ ɲɥаɤоɜɵɯ ɜɤɥɸɱеɧɢɣ, ɩоɪ, 
ɦɢɤɪоɬɪеɳɢɧ ɢ ɩɪоɱɢɯ ɞеɮеɤɬоɜ.

2. Ɋаɡɪаɛоɬаɧɵ ɪеɠɢɦɵ ɬеɪɦоɦеɯаɧɢɱеɫɤоɣ 
оɛɪаɛоɬɤɢ ɫɥɢɬɤоɜ ɗɒɉ, ɩоɥɭɱеɧɵ ɩоɥɭɮаɛɪɢɤа-
ɬɵ ɩɪеɰɢɡɢоɧɧɵɯ ɫɩɥаɜоɜ ɜ ɜɢɞе ɩɪɭɬɤоɜ ɞɢаɦе-
ɬɪоɦ 38...45 ɦɦ.

3. ɉоɤаɡаɧо, ɱɬо оɞɧоɤɪаɬɧɵɣ ɗɒɉ ɩоɡɜоɥɹеɬ 
ɩеɪеɪаɛаɬɵɜаɬɶ оɬɯоɞɵ ɩɪеɰɢɡɢоɧɧɵɯ ɫɩɥаɜоɜ ɫ 
ɩоɥɭɱеɧɢеɦ ɦеɬаɥɥа ɭɞоɜɥеɬɜоɪɹɸɳеɝо ɩо ɯɢɦɢ-
ɱеɫɤоɦɭ ɫоɫɬаɜɭ ɬɪеɛоɜаɧɢɹɦ ɫɬаɧɞаɪɬа.
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Feasibility of electroslag remelting of wastes of precision alloys 2�NK, 50N, 46N was studied. Ingots were produced 
by the method of ESR of consumable electrodes, formed from wastes of the mentioned alloys, in the chamber-type 
electroslag furnace in argon atmosphere. To provide the intensive stirring of the liTuid metal pool and homogenization 
of metal composition, the method of effect by an external longitudinal magnetic field was applied. Modes of ESR and 
post thermomechanical treatment of ingots were optimized. Semi-products in the form of deformed rods were produced. 
It was found that the single ESR allows remelting wastes of precision alloys 2� NK, 50N, 46N with producing of metal, 
meeting the corresponding standards as to the chemical composition and properties. The works were carried out on 
melting and next rolling of the batch of ingots of alloy 2�NK. Ref. 2, Tables 3, Figures 5.
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