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Ɋаɫɫɦоɬɪеɧɵ оɫоɛеɧɧоɫɬɢ ɥеɝɢɪоɜаɧɢɹ ɦеɬаɥɥɢɱеɫɤɢɯ ɦаɬеɪɢаɥоɜ аɡоɬоɦ, ɜ ɬоɦ ɱɢɫɥе ɢ ɢɡ ɝаɡоɜоɣ ɮаɡɵ ɩɪɢ 
ɩɥаɡɦеɧɧо-ɞɭɝоɜоɦ ɩеɪеɩɥаɜе. ȼ оɬɥɢɱɢе оɬ ɞɪɭɝɢɯ ɥеɝɢɪɭɸɳɢɯ ɷɥеɦеɧɬоɜ аɡоɬ ɜ ɫɬаɧɞаɪɬɧɵɯ ɭɫɥоɜɢɹɯ ɧаɯо-
ɞɢɬɫɹ ɜ ɝаɡооɛɪаɡɧоɦ ɫоɫɬоɹɧɢɢ. ɉоɷɬоɦɭ ɢɫɩоɥɶɡоɜаɧɢе еɝо ɤаɤ ɥеɝɢɪɭɸɳеɝо ɷɥеɦеɧɬа ɢɦееɬ ɫɜоɢ оɫоɛеɧɧо-
ɫɬɢ. ɉоɤаɡаɧо, ɱɬо ɫɤоɪоɫɬɶ аɛɫоɪɛɰɢɢ аɡоɬа ɩɪɢ ɉȾɉ ɱɪеɡɜɵɱаɣɧо ɜɵɫоɤа ɢ ɷɬо ɩоɡɜоɥɹеɬ ɩоɥɭɱаɬɶ ɫɥɢɬɤɢ, ɜ 
ɤоɬоɪɵɯ ɫоɞеɪɠаɧɢе аɡоɬа ɩɪеɜɵɲаеɬ ɫɬаɧɞаɪɬɧɭɸ ɪаɫɬɜоɪɢɦоɫɬɶ ɝаɡа ɜ ɠɢɞɤоɣ ɫɬаɥɢ ɩɪɢ ɬеɦɩеɪаɬɭɪе ɥɢɤ-
ɜɢɞɭɫа. ȼɥɢɹɧɢе аɡоɬа ɤаɤ ɥеɝɢɪɭɸɳеɝо ɷɥеɦеɧɬа ɫɪаɜɧɢɦо ɫ ɜɥɢɹɧɢеɦ ɭɝɥеɪоɞа. ɇа ɪɹɞе ɩɪɢɦеɪоɜ ɩоɤаɡаɧо, 
ɱɬо ɢɫɩоɥɶɡɭɹ ɦеɬоɞ ɩɥаɡɦеɧɧо-ɞɭɝоɜоɝо ɩеɪеɩɥаɜа ɩɪеɞɫɬаɜɥɹеɬɫɹ ɜоɡɦоɠɧɵɦ ɜ ɩɪоɦɵɲɥеɧɧɵɯ ɦаɫɲɬаɛаɯ 
ɥеɝɢɪоɜаɬɶ ɫɬаɥɢ аɡоɬоɦ ɞо ɤоɧɰеɧɬɪаɰɢɣ, ɡɧаɱɢɬеɥɶɧо ɩɪеɜɵɲаɸɳɢɯ еɝо ɫɬаɧɞаɪɬɧɭɸ ɪаɫɬɜоɪɢɦоɫɬɶ ɜ ɦе-
ɬаɥɥе. ȼɵɩɥаɜɥеɧɧɵе ɜ ɩɥаɡɦеɧɧо-ɞɭɝоɜɵɯ ɩеɱаɯ ɫɥɢɬɤɢ оɬɥɢɱаɸɬɫɹ ɜɵɫоɤɢɦ ɤаɱеɫɬɜоɦ ɩоɜеɪɯɧоɫɬɢ ɢ ɢɦеɸɬ 
ɩɥоɬɧɭɸ ɦаɤɪоɫɬɪɭɤɬɭɪɭ ɧеɫɦоɬɪɹ ɧа ɜɵɫоɤое ɫоɞеɪɠаɧɢе аɡоɬа. Ɋаɫɬɜоɪеɧɧɵɣ ɜ ɦеɬаɥɥе аɡоɬ ɞоɫɬаɬоɱɧо 
ɪаɜɧоɦеɪɧо ɪаɫɩɪеɞеɥеɧ ɜ оɛɴеɦе ɫɥɢɬɤоɜ. Ȼɢɛɥɢоɝɪ. 2�, ɬаɛɥ. 3, ɢɥ. 3.
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ɉоɜɵɲеɧɢе ɩɪоɱɧоɫɬɢ ɦеɬаɥɥа ɢ ɭɥɭɱɲеɧɢе еɝо 
ɤаɱеɫɬɜа ² оɞɧа ɢɡ оɫɧоɜɧɵɯ ɩɪоɛɥеɦ ɦеɬаɥ-
ɥɭɪɝɢɢ, оɬ ɪеɲеɧɢɹ ɤоɬоɪоɣ ɡаɜɢɫɢɬ ɧаɞеɠɧоɫɬɶ 
ɢ ɞоɥɝоɜеɱɧоɫɬɶ ɞеɬаɥеɣ ɢ ɤоɧɫɬɪɭɤɰɢɣ, а ɬаɤɠе 
ɦеɬаɥɥоеɦɤоɫɬɶ ɫоɜɪеɦеɧɧɵɯ ɦаɲɢɧ. ɂɡ ɛоɥɶɲо-
ɝо ɦɧоɝооɛɪаɡɢɹ ɫɩоɫоɛоɜ ɩоɜɵɲеɧɢɹ ɫɥɭɠеɛɧɵɯ 
ɯаɪаɤɬеɪɢɫɬɢɤ ɫɬаɥеɣ ɜаɠɧаɹ ɪоɥɶ ɩɪɢɧаɞɥеɠɢɬ 
ɥеɝɢɪоɜаɧɢɸ, ɜ ɬоɦ ɱɢɫɥе ɢ аɡоɬоɦ.

Аɡоɬ ɤаɤ ɥеɝɢɪɭɸɳɢɣ ɷɥеɦеɧɬ ɯɪоɦоɧɢɤеɥе-
ɜɵɯ ɢ ɯɪоɦоɧɢɤеɥɶɦаɪɝаɧɰоɜɢɫɬɵɯ ɫɬаɥеɣ ɢɡ-
ɜеɫɬеɧ ɞаɜɧо >1, 3, 4@. Ʌеɝɢɪоɜаɧɢе ɫɬаɥɢ аɡоɬоɦ 
ɩоɡɜоɥɹеɬ ɜ ɪɹɞе ɫɥɭɱаеɜ ɩоɜɵɫɢɬɶ ɤаɱеɫɬɜеɧɧɵе 
ɩоɤаɡаɬеɥɢ, а ɩɪɢɦеɧеɧɢе аɡоɬа ɩɪаɤɬɢɱеɫɤɢ ɧе 
ɧаɧоɫɢɬ ɭɪоɧ оɤɪɭɠаɸɳеɣ ɫɪеɞе.

ȼɥɢɹɧɢе аɡоɬа ɤаɤ ɥеɝɢɪɭɸɳеɝо ɷɥеɦеɧɬа ɫɪаɜ-
ɧɢɦо ɫ ɜɥɢɹɧɢеɦ ɭɝɥеɪоɞа. Аɬоɦɧɵе ɪаɞɢɭɫɵ аɡо-
ɬа ɢ ɭɝɥеɪоɞа ɛɥɢɡɤɢ ɦеɠɞɭ ɫоɛоɣ. Ɉɬɧоɲеɧɢе 
аɬоɦɧɵɯ ɪаɞɢɭɫоɜ аɡоɬа (ɭɝɥеɪоɞа) ɢ ɦеɬаɥɥоɜ 
ɦеɧɶɲе 0,5�, ɱɬо ɫɩоɫоɛɫɬɜɭеɬ оɛɪаɡоɜаɧɢɸ ɮаɡ 
ɜɧеɞɪеɧɢɹ. ȼ ɧеɤоɬоɪɵɯ ɫɥɭɱаɹɯ оɬɧоɲеɧɢе аɬоɦ-
ɧɵɯ ɪаɞɢɭɫоɜ ɭɝɥеɪоɞа ɢ ɦеɬаɥɥоɜ ɛоɥɶɲе 0,5�. 
ɉоɷɬоɦɭ ɬɜеɪɞɵɣ ɪаɫɬɜоɪ аɡоɬа ɜ ɦеɬаɥɥаɯ ɛоɥее 
ɭɫɬоɣɱɢɜ ɢ, ɧеɫɦоɬɪɹ ɧа ɬо, ɱɬо ɬеɪɦоɞɢɧаɦɢɱе-
ɫɤаɹ ɩɪоɱɧоɫɬɶ ɧɢɬɪɢɞоɜ ɯɪоɦа ɜ ɯɪоɦɢɫɬɵɯ ɫɬа-
ɥɹɯ ɞоɜоɥɶɧо ɜɵɫоɤаɹ, ɤаɪɛɢɞɵ ɯɪоɦа ɜɵɩаɞаɸɬ 
ɢɡ ɪаɫɬɜоɪа ɥеɝɱе, ɱеɦ ɧɢɬɪɢɞɵ. ȼ ɪеɡɭɥɶɬаɬе ɜɥɢ-
ɹɧɢе аɡоɬа ɧа ɤоɪɪоɡɢоɧɧɭɸ ɫɬоɣɤоɫɬɶ ɩɪоɹɜɥɹеɬ-
ɫɹ ɜ ɦеɧɶɲеɣ ɫɬеɩеɧɢ, ɱеɦ ɭɝɥеɪоɞа >1±5@.

Аɡоɬ ɢ ɭɝɥеɪоɞ оɛɪаɡɭɸɬ ɫ ɠеɥеɡоɦ ɫɩɥаɜɵ ɫо 
ɫɯоɞɧɵɦɢ ɞɢаɝɪаɦɦаɦɢ ɫоɫɬоɹɧɢɹ. ɉɪоɰеɫɫ ɢɡо-
ɬеɪɦɢɱеɫɤоɝо ɩɪеɜɪаɳеɧɢɹ аɡоɬɢɫɬоɝо аɭɫɬеɧɢɬа 
аɧаɥоɝɢɱеɧ ɩɪеɜɪаɳеɧɢɸ аɭɫɬеɧɢɬа ɜ ɫɩɥаɜаɯ ɠе-
ɥеɡа ɫ ɭɝɥеɪоɞоɦ >3@. Ɉɞɧаɤо ɤоɷɮɮɢɰɢеɧɬ ɞɢɮɮɭ-
ɡɢɢ аɡоɬа ɜ ɠеɥеɡе ɩɪɢɦеɪɧо ɜ ɞɜа ɪаɡа ɧɢɠе (ɩɪɢ 
�50 �C DN   6,5ā10±8, а DC   1,3ā10±7 ɫɦ2/ɫ). ɉоɷɬо-
ɦɭ ɪаɫɩаɞ аɡоɬɢɫɬоɝо аɭɫɬеɧɢɬа ɛоɥее ɦеɞɥеɧɧɵɣ 
ɩɪоɰеɫɫ, ɱеɦ ɩɪеɜɪаɳеɧɢе аɭɫɬеɧɢɬа ɜ ɫɩɥаɜаɯ 
ɠеɥеɡа ɫ ɭɝɥеɪоɞоɦ >6@.

Ⱦɪɭɝɢɦ ɩɪеɢɦɭɳеɫɬɜоɦ аɡоɬа ɩо ɫɪаɜɧеɧɢɸ 
ɫ ɭɝɥеɪоɞоɦ ɹɜɥɹеɬɫɹ ɜоɡɦоɠɧоɫɬɶ ɩоɜɵɲеɧɢɹ 
ɩɪоɱɧоɫɬɧɵɯ ɫɜоɣɫɬɜ ɫɬаɥɢ ɡа ɫɱеɬ ɛоɥɶɲеɣ ɪаɫ-
ɬɜоɪɢɦоɫɬɢ ɜ аɭɫɬеɧɢɬе аɡоɬа (2,8 � N), ɱеɦ ɭɝɥе-
ɪоɞа (2,14 � ɋ) >1, 6@. ȼɥɢɹɧɢе аɡоɬа ɤаɤ ɥеɝɢɪɭɸ-
ɳеɝо ɷɥеɦеɧɬа ɧа ɫɜоɣɫɬɜа ɫɬаɥɢ ɪаɡɧооɛɪаɡɧо ɢ, 
ɤаɤ ɩɪаɜɢɥо, еɝо ɜɜеɞеɧɢе ɫоɩɪоɜоɠɞаеɬɫɹ ɩоɜɵ-
ɲеɧɢеɦ ɩɪоɱɧоɫɬɧɵɯ ɯаɪаɤɬеɪɢɫɬɢɤ >1, 7@.

ȼɜеɞеɧɢе аɡоɬа ɜ ɫɬаɥɢ ɢ ɫɩɥаɜɵ, ɫоɞеɪɠаɳɢе 
ɷɥеɦеɧɬɵ ɫ ɛоɥɶɲɢɦ ɫɪоɞɫɬɜоɦ ɤ аɡоɬɭ, ɩɪɢɜоɞɢɬ 
ɤ оɛɪаɡоɜаɧɢɸ ɦеɥɤоɞɢɫɩеɪɫɧɵɯ ɧɢɬɪɢɞоɜ, ɤоɬо-
ɪɵе ɫɩоɫоɛɫɬɜɭɸɬ ɢɡɦеɥɶɱеɧɢɸ ɫɬɪɭɤɬɭɪɵ >7@.

Ʌеɝɢɪоɜаɧɢе аɡоɬоɦ ɛɵɫɬɪоɪеɠɭɳɢɯ ɫɬаɥеɣ 
(Ɋ� ɢ Ɋ6М5) ɩоɡɜоɥɹеɬ ɫɭɳеɫɬɜеɧɧо ɩоɜɵɫɢɬɶ 
ɫɬоɣɤоɫɬɶ ɢɧɫɬɪɭɦеɧɬа, ɜ ɬоɦ ɱɢɫɥе ɢ ɤɪаɫɧоɥоɦ-
ɤоɫɬɶ, ɱɬо оɛɴɹɫɧɹеɬɫɹ ɢɡɦеɥɶɱеɧɢеɦ ɫɬɪɭɤɬɭɪɵ ɢ 
оɛɪаɡоɜаɧɢеɦ ɦеɥɤоɞɢɫɩеɪɫɧɵɯ ɧɢɬɪɢɞоɜ, ɧаɩɪɢ-
ɦеɪ ɜаɧаɞɢɹ >1, 3@.
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ȼеɫɶɦа ɷɮɮеɤɬɢɜɧɵɦ ɹɜɥɹеɬɫɹ ɥеɝɢɪоɜа-
ɧɢе аɡоɬоɦ ɯɪоɦоɧɢɤеɥеɜɵɯ ɫɬаɥеɣ аɭɫɬеɧɢɬɧо-
ɝо ɤɥаɫɫа. ɇаɪɹɞɭ ɫ ɩоɜɵɲеɧɢеɦ ɩɪоɱɧоɫɬɧɵɯ 
ɫɜоɣɫɬɜ ɩɪоɢɫɯоɞɢɬ ɭɥɭɱɲеɧɢе ɫоɩɪоɬɢɜɥɹеɦоɫɬɢ 
ɦеɠɤɪɢɫɬаɥɥɢɬɧоɣ ɤоɪɪоɡɢɢ, ɢɡɦеɥɶɱеɧɢе ɡеɪɧа ɢ 
ɩоɜɵɲаеɬɫɹ ɬеɦɩеɪаɬɭɪɧɵɣ ɩоɪоɝ ɪеɤɪɢɫɬаɥɥɢɡа-
ɰɢɢ >1±3@. Аɡоɬ ɬаɤɠе ɤаɤ ɧɢɤеɥɶ ɢ ɭɝɥеɪоɞ ɪаɫɲɢ-
ɪɹеɬ Ȗ-оɛɥаɫɬɶ. Ɉɞɧаɤо ɞеɣɫɬɜɢе аɡоɬа ɧа Ȗ-оɛɥаɫɬɶ 
ɡɧаɱɢɬеɥɶɧо ɫɢɥɶɧее ɱеɦ ɧɢɤеɥɹ. ɂɡɜеɫɬɧо >4@, ɱɬо 
0,15 � N ɜ ɯɪоɦоɧɢɤеɥеɜɵɯ ɫɬаɥɹɯ ɷɤɜɢɜаɥеɧɬɧо 
2«4 � Ni, а 0,25 � N ɷɤɜɢɜаɥеɧɬɧо 2,5«6 � Ni. 
ɍɝɥеɪоɞ ɬаɤɠе ɧе ɦеɧее ɫɢɥɶɧɵɣ аɭɫɬеɧɢɡаɬоɪ, ɧо 
еɝо ɜɜеɞеɧɢе ɞеɥаеɬ ɫɬаɥɶ ɛоɥее ɯɪɭɩɤоɣ, а ɝɥаɜ-
ɧɵɣ ɧеɞоɫɬаɬоɤ ² оɧ ɩоɧɢɠаеɬ ɤоɪɪоɡɢоɧɧɭɸ 
ɫɬоɣɤоɫɬɶ. ȼ ɩɪоɬɢɜоɩоɥоɠɧоɫɬɶ ɷɬоɦɭ аɡоɬ, ɧаɯо-
ɞɹɳɢɣɫɹ ɜ ɬɜеɪɞоɦ ɪаɫɬɜоɪе, ɩоɜɵɲаеɬ ɤоɪɪоɡɢ-
оɧɧɭɸ ɫɬоɣɤоɫɬɶ ɫɬаɥеɣ ɫ ɧеɞоɫɬаɬоɱɧɵɦ ɡаɩаɫоɦ 
аɭɫɬеɧɢɡаɰɢɢ ɢ ɧе ɫɧɢɠаеɬ ɭ ɫɬаɛɢɥɶɧо аɭɫɬеɧɢɬ-
ɧɵɯ ɫɬаɥеɣ.

ȼɵɫоɤое ɫоɞеɪɠаɧɢе ɧɢɤеɥɹ ɜ ɫɬаɥɹɯ аɭɫɬеɧɢɬ-
ɧоɝо ɤɥаɫɫа ɢ еɝо ɜɵɫоɤаɹ ɫɬоɢɦоɫɬɶ ɞаɸɬ оɫɧо-
ɜаɧɢе ɫɱɢɬаɬɶ ɰеɥеɫооɛɪаɡɧɵɦ ɱаɫɬɢɱɧɭɸ ɡаɦеɧɭ 
еɝо ɷɥеɦеɧɬаɦɢ, ɜ ɬоɦ ɱɢɫɥе ɢ аɡоɬоɦ, ɩоɜɵɲаɸ-
ɳɢɦɢ ɭɫɬоɣɱɢɜоɫɬɶ аɭɫɬеɧɢɬа. ɍɫɥоɜɢеɦ ɩоɥɭ-
ɱеɧɢɹ ɫɬаɥɢ ɫ аɭɫɬеɧɢɬɧоɣ ɫɬɪɭɤɬɭɪоɣ ɹɜɥɹеɬɫɹ 
ɧеоɛɯоɞɢɦое ɫооɬɧоɲеɧɢе ɤоɧɰеɧɬɪаɰɢɣ аɭɫɬе-
ɧɢɬо- ɢ ɮеɪɪɢɬооɛɪаɡɭɸɳɢɯ ɷɥеɦеɧɬоɜ, ɤоɬоɪое 
оɩɪеɞеɥɹеɬɫɹ ɩо ɞɢаɝɪаɦɦе ɒеɮɥеɪа (ɪɢɫ. 1).

Ⱦɢаɝɪаɦɦа ɩоɡɜоɥɹеɬ оɩɪеɞеɥɢɬɶ ɫɬɪɭɤɬɭɪ-
ɧɵɣ ɫоɫɬаɜ ɫɩɥаɜа ɩɪɢ ɤоɦɧаɬɧоɣ ɬеɦɩеɪаɬɭɪе ɜ 
ɡаɜɢɫɢɦоɫɬɢ оɬ ɫоɞеɪɠаɧɢɹ ɷɥеɦеɧɬоɜ, ɫɬаɛɢɥɢ-
ɡɢɪɭɸɳɢɯ ɮеɪɪɢɬ ɢ аɭɫɬеɧɢɬ. ɉɪɢ ɷɬоɦ ɞɥɹ ɭɱе-
ɬа ɜɥɢɹɧɢɹ ɥеɝɢɪɭɸɳɢɯ ɷɥеɦеɧɬоɜ ɢɫɩоɥɶɡɭɸɬɫɹ 
ɩоɧɹɬɢɹ ɧɢɤеɥɶ-ɷɤɜɢɜаɥеɧɬ Niɷ   Ni � Co � 0,1Mn±
0,01Mn2 � 18N � 30C ɢ ɯɪоɦ-ɷɤɜɢɜаɥеɧɬ Crɷ   Cr � 
1,5Mo � 1,5W � 0,48Si � 2,3V � 1,75Nb � 2,5Al 
>8±10@. Ɂаɦеɧа ɱаɫɬɢ ɧɢɤеɥɹ аɡоɬоɦ ɫɭɳеɫɬɜеɧɧо 
ɫɧɢɠаеɬ ɫɬоɢɦоɫɬɶ аɭɫɬеɧɢɬɧоɣ ɫɬаɥɢ, ɫоɯɪаɧɹɹ 
ɧеɢɡɦеɧɧɵɦɢ ее ɫɥɭɠеɛɧɵе ɯаɪаɤɬеɪɢɫɬɢɤɢ.

ȼɥɢɹɧɢе аɡоɬа ɤаɤ ɭɩɪоɱɧɹɸɳеɝо ɷɥеɦеɧɬа 
аɭɫɬеɧɢɬɧɵɯ ɫɬаɥеɣ оɫɧоɜаɧо ɧа оɛɪаɡоɜаɧɢɢ 
ɪаɫɬɜоɪоɜ ɜɧеɞɪеɧɢɹ аɡоɬа ɜ аɭɫɬеɧɢɬе >1, 3@. 
Ⱦеɣɫɬɜɢе аɡоɬа ɧа ɩɪоɱɧоɫɬɶ аɭɫɬеɧɢɬɧɵɯ ɫɬаɥеɣ 
ɩоɱɬɢ ɜ ɞɜа ɪаɡа ɫɢɥɶɧее ɭɝɥеɪоɞа, ɱɬо ɯоɪоɲо 
ɜɢɞɧо ɢɡ ɞаɧɧɵɯ ɬаɛɥ. 1 ɢ ɪɢɫ. 2.

ɋɬаɥɢ, ɥеɝɢɪоɜаɧɧɵе аɡоɬоɦ оɛɥаɞаɸɬ ɜɵɫоɤɢ-
ɦɢ ɦеɯаɧɢɱеɫɤɢɦɢ ɫɜоɣɫɬɜаɦɢ ɧе ɬоɥɶɤо ɩɪɢ ɧоɪ-

ɦаɥɶɧɵɯ ɬеɦɩеɪаɬɭɪаɯ, ɧо ɢ ɩɪɢ ɧɢɡɤɢɯ (í1�5 оɋ ɢ 
ɧɢɠе). ɂɯ ɩɥаɫɬɢɱɧоɫɬɶ ɢ, оɫоɛеɧɧо, ɭɞаɪɧаɹ ɜɹɡ-
ɤоɫɬɶ оɫɬаɸɬɫɹ ɧа ɞоɜоɥɶɧо ɜɵɫоɤоɦ ɭɪоɜɧе >5@. 
ɍɫɬаɧоɜɥеɧо ɬаɤɠе ɩоɥоɠɢɬеɥɶɧое ɜɥɢɹɧɢе аɡоɬа 
ɧа ɠаɪоɩɪоɱɧоɫɬɶ аɭɫɬеɧɢɬɧɵɯ ɫɬаɥеɣ >4@.

ȼ оɬɥɢɱɢе оɬ ɞɪɭɝɢɯ ɥеɝɢɪɭɸɳɢɯ ɷɥеɦеɧɬоɜ 
аɡоɬ ɜ ɫɬаɧɞаɪɬɧɵɯ ɭɫɥоɜɢɹɯ ɧаɯоɞɢɬɫɹ ɜ ɝаɡо-
оɛɪаɡɧоɦ ɫоɫɬоɹɧɢɢ. ɉоɷɬоɦɭ еɝо ɢɫɩоɥɶɡоɜаɧɢе 
ɤаɤ ɥеɝɢɪɭɸɳеɝо ɷɥеɦеɧɬа ɢɦееɬ ɫɜоɢ ɫɩеɰɢɮɢ-
ɱеɫɤɢе оɫоɛеɧɧоɫɬɢ.

ɉɪɢ ɜɵɩɥаɜɤе ɫɬаɥеɣ ɜ оɛɵɱɧɵɯ ɦеɬаɥɥɭɪɝɢ-
ɱеɫɤɢɯ аɝɪеɝаɬаɯ ɜеɪɯɧɢɣ ɩɪеɞеɥ ɫоɞеɪɠаɧɢɹ аɡо-
ɬа оɝɪаɧɢɱɢɜаеɬɫɹ ɫɬаɧɞаɪɬɧоɣ ɪаɫɬɜоɪɢɦоɫɬɶɸ 
ɝаɡа ɜ ɠɢɞɤоɣ ɫɬаɥɢ ɩɪɢ ɬеɦɩеɪаɬɭɪе ɥɢɤɜɢɞɭɫа. 
ɉоɫɤоɥɶɤɭ ɝɥаɜɧɵɦ аɡоɬоɩоɝɥоɳаɸɳɢɦ ɤоɦɩо-
ɧеɧɬоɦ ɧеɪɠаɜеɸɳɢɯ ɫɬаɥеɣ ɹɜɥɹеɬɫɹ ɯɪоɦ, ɬо 
ɧа ɩɪаɤɬɢɤе ɩɪɢɧɹɬо, ɱɬоɛɵ ɫоɞеɪɠаɧɢе аɡоɬа ɧе 
ɩɪеɜɵɲаɥо 1/75...1/100 ɤоɧɰеɧɬɪаɰɢɢ ɯɪоɦа ɜ ɫɬа-
ɥɢ. ȼ ɩɪоɬɢɜɧоɦ ɫɥɭɱае ɜ ɫɥɢɬɤаɯ оɛɪаɡɭɸɬɫɹ ɩɭ-
ɡɵɪɢ аɡоɬɧоɝо ɩɪоɢɫɯоɠɞеɧɢɹ.

ɑаɳе ɜɫеɝо аɡоɬ ɜ ɫɬаɥɶ ɜɜоɞɹɬ ɜ ɩɪоɰеɫɫе 
ɩɥаɜɤɢ ɩɭɬеɦ ɩɪɢɫаɞɤɢ аɡоɬɫоɞеɪɠаɳɢɯ ɮеɪɪо-
ɫɩɥаɜоɜ. ɇаɢɛоɥɶɲее ɪаɫɩɪоɫɬɪаɧеɧɢе ɞɥɹ ɥе-
ɝɢɪоɜаɧɢɹ ɫɬаɥɢ ɩоɥɭɱɢɥɢ ɮеɪɪоɫɩɥаɜɵ ɯɪоɦа 

Ɍ а ɛ ɥ ɢ ɰ а  � .  ȼɥɢɹɧɢе ɧеɤɨɬɨɪɵɯ ɥеɝɢɪɭɸɳɢɯ ɷɥе-
ɦеɧɬɨɜ ɧа ɩɪеɞеɥ ɬеɤɭɱеɫɬɢ ɫɬаɥɢ ɬɢɩа ɏ��ɇ��Ɍ ɜ ɫɥɭ-
ɱае ɩɪɢɫаɞɤɢ � � ɥеɝɢɪɭɸɳеɝɨ ɷɥеɦеɧɬа

Ʌеɝɢɪɭɸɳɢɣ 
ɷɥеɦеɧɬ Ɍɢɩ ɪаɫɬɜɨɪа ı���� ɤɝ�ɦɦ�

N
C
Cr
Mо

ȼɧеɞɪеɧɢɹ
í»í

Ɂаɦеɳеɧɢɹ
í»í

70
40
0,4
1,5

Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɧаɹ ɞɢаɝɪаɦɦа ɧеɪɠаɜеɸɳɢɯ ɫɬаɥеɣ

Ɋɢɫ. 2. ɂɡɦеɧеɧɢе ɩɪеɞеɥа ɬеɤɭɱеɫɬɢ аɭɫɬеɧɢɬɧоɣ ɫɬаɥɢ ɬɢɩа 
18-10 ɩɪɢ ɥеɝɢɪоɜаɧɢɢ ɪаɡɥɢɱɧɵɦɢ ɷɥеɦеɧɬаɦɢ: ȱ ² ɜɧеɞɪе-
ɧɢɹ; ȱȱ ² ɮеɪɪɢɬооɛɪаɡɭɳɢе; ȱȱȱ ² аɭɫɬеɧɢɬооɛɪаɡɭɸɳɢе
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ɢ ɦаɪɝаɧɰа, ɫоɞеɪɠаɳɢе аɡоɬ. ɉоɥɭɱеɧɢе ɷɬɢɯ 
ɮеɪɪоɫɩɥаɜоɜ ɫɜɹɡаɧо ɫ оɩɪеɞеɥеɧɧɵɦɢ ɬɪɭɞɧо-
ɫɬɹɦɢ ɬеɯɧɢɱеɫɤоɝо ɯаɪаɤɬеɪа. Ɍаɤ, ɩо ɧаɢɛоɥее 
ɪаɫɩɪоɫɬɪаɧеɧɧоɣ ɜ ɧаɫɬоɹɳее ɜɪеɦɹ ɝаɡо-ɬеɪɦɢ-
ɱеɫɤоɣ ɬеɯɧоɥоɝɢɢ ɩɪоɢɡɜоɞɫɬɜа аɡоɬɢɪоɜаɧɧоɝо 
ɮеɪɪоɯɪоɦа ɪаɫɯоɞ ɷɥеɤɬɪоɷɧеɪɝɢɢ ɫоɫɬаɜɥɹеɬ ɧе 
ɦеɧее �000 ɤȼɬāɱ/ɬ. Аɡоɬɢɪоɜаɧɧɵе ɮеɪɪоɫɩɥаɜɵ 
ɫоɞеɪɠаɬ ɞо 10 � аɡоɬа. ȿɝо ɭɫɜоеɧɢе ɩɪɢ ɥеɝɢɪо-
ɜаɧɢɢ ɫɬаɥɢ ɧе ɩɪеɜɵɲаеɬ 70 � ɢ ɡаɜɢɫɢɬ оɬ ɪɹɞа 
ɬеɯɧоɥоɝɢɱеɫɤɢɯ ɩаɪаɦеɬɪоɜ. ɉɪɢɱеɦ, ɱеɦ ɜɵɲе 
ɬɪеɛɭеɦаɹ ɤоɧɰеɧɬɪаɰɢɹ аɡоɬа, ɬеɦ ɧɢɠе ɤоɷɮɮɢ-
ɰɢеɧɬ еɝо ɭɫɜоеɧɢɹ >11±14@. ɋɭɳеɫɬɜеɧɧɵɦɢ ɧе-
ɞоɫɬаɬɤаɦɢ ɥеɝɢɪоɜаɧɢɹ аɡоɬɫоɞеɪɠаɳɢɦɢ ɮеɪ-
ɪоɫɩɥаɜаɦɢ ɹɜɥɹеɬɫɹ ɞоɩоɥɧɢɬеɥɶɧое ɡаɝɪɹɡɧеɧɢе 
ɫɬаɥɢ ɤɢɫɥоɪоɞоɦ ɢ ɧеɦеɬаɥɥɢɱеɫɤɢɦɢ ɜɤɥɸɱе-
ɧɢɹɦɢ. Ʉɪоɦе ɬоɝо, ɩɪɢ ɩоɫɥеɞɭɸɳеɣ ɪаɡɥɢɜɤе 
ɫɬаɥɢ, ɜоɡɦоɠɧа ɱаɫɬɢɱɧаɹ ɩоɬеɪɹ аɡоɬа, а ɫаɦɢ 
ɫɥɢɬɤɢ ɧе ɥɢɲеɧɵ ɩоɪоɤоɜ ɥɢɤɜаɰɢоɧɧоɝо ɢ ɭɫа-
ɞоɱɧоɝо ɩɪоɢɫɯоɠɞеɧɢɹ. Ɉɬɦеɱеɧɧɵе ɧеɞоɫɬаɬɤɢ 
ɹɜɥɹɸɬɫɹ оɫɧоɜɧɵɦɢ ɮаɤɬоɪаɦɢ, ɩоɜɵɲаɸɳɢɦɢ 
ɫɬоɢɦоɫɬɶ аɡоɬɢɫɬɵɯ ɫɬаɥеɣ.

Ⱦɪɭɝɢɦ ɪаɫɩɪоɫɬɪаɧеɧɧɵɦ ɦеɬоɞоɦ аɡоɬɢɪо-
ɜаɧɢɹ ɹɜɥɹеɬɫɹ ɧаɫɵɳеɧɢе ɠɢɞɤоɝо ɦеɬаɥɥа ɝаɡо-
оɛɪаɡɧɵɦ аɡоɬоɦ ɩɭɬеɦ еɝо ɩɪоɞɭɜɤɢ ɜ ɤоɧɜеɪɬеɪе 
ɥɢɛо ɜ ɤоɜɲе >13, 15±17@. ɉɪɢ ɧаɥɢɱɢɢ ɭɫɬаɧоɜɤɢ 
ɤоɜɲ±ɩеɱɶ ɢɥɢ ɤоɧɜеɪɬеɪа аɡоɬɢɪоɜаɧɢе ɢɡ ɝаɡо-
ɜоɣ ɮаɡɵ ɛоɥее ɷɤоɧоɦɢɱɧо ɩо ɫɪаɜɧеɧɢɸ ɫ аɡо-
ɬɢɪоɜаɧɢеɦ ɮеɪɪоɫɩɥаɜаɦɢ ɢ ɧеɬ оɝɪаɧɢɱеɧɢɣ ɩо 
ɫоɫɬаɜɭ ɦеɬаɥɥа. Ɉɞɧаɤо аɡоɬɢɪоɜаɧɢе ɩɪоɞɭɜɤоɣ 
ɪаɫɩɥаɜа аɡоɬɫоɞеɪɠаɳɢɦɢ ɝаɡоɜɵɦɢ ɫɦеɫɹɦɢ ɜ 
ɤɢɧеɬɢɱеɫɤоɦ ɩɥаɧе ɩɪоɰеɫɫ ɞоɜоɥɶɧо ɦеɞɥеɧ-
ɧɵɣ ɢ ɦаɥо ɩɪоɢɡɜоɞɢɬеɥɶɧɵɣ. ɉоɷɬоɦɭ ɬɪеɛɭеɬ-
ɫɹ ɩɪоɞоɥɠɢɬеɥɶɧое ɜɪеɦɹ ɞɥɹ ɩоɥɭɱеɧɢɹ ɫɬаɥɢ ɫ 
ɡаɞаɧɧɵɦ ɤоɥɢɱеɫɬɜоɦ аɡоɬа.

ɉɪɢ ɜɵɩɥаɜɤе ɫɬаɥеɣ ɜ оɛɵɱɧɵɯ ɦеɬаɥɥɭɪɝɢɱе-
ɫɤɢɯ аɝɪеɝаɬаɯ ɜеɪɯɧɢɣ ɭɪоɜеɧɶ ɫоɞеɪɠаɧɢɹ аɡоɬа 
оɝɪаɧɢɱɢɜаеɬɫɹ ɫɬаɧɞаɪɬɧоɣ ɪаɫɬɜоɪɢɦоɫɬɶɸ ɝаɡа 
ɜ ɠɢɞɤоɣ ɫɬаɥɢ ɩɪɢ ɬеɦɩеɪаɬɭɪе ɥɢɤɜɢɞɭɫа >1, 18, 
1�@. Ⱦɥɹ ɜɵɩɥаɜɤɢ ɫɬаɥɢ ɫ ɤоɧɰеɧɬɪаɰɢеɣ аɡоɬа, 
ɩɪеɜɵɲаɸɳеɣ ɫɬаɧɞаɪɬɧɭɸ ɪаɫɬɜоɪɢɦоɫɬɶ, ɩɪɢ-
ɛеɝаɸɬ ɤ ɜɵɩɥаɜɤе ɢ ɪаɡɥɢɜɤе ɜ ɭɫɥоɜɢɹɯ ɢɡɛɵɬоɱ-
ɧоɝо ɞаɜɥеɧɢɹ >20, 21@. ɉɪɢ ɷɬоɦ ɥеɝɢɪоɜаɧɢе аɡо-
ɬоɦ ɦоɠеɬ ɩɪоɜоɞɢɬɶɫɹ ɤаɤ ɢɡ ɝаɡоɜоɣ ɮаɡɵ, ɬаɤ 
ɢ аɡоɬɢɪоɜаɧɧɵɦɢ ɮеɪɪоɫɩɥаɜаɦɢ. ɉоɥɭɱеɧɧɵɣ 
ɦеɬаɥɥ ɞаɥее ɪаɡɥɢɜаеɬɫɹ ɜ ɢɡɥоɠɧɢɰɵ ɢɥɢ ɥɢɬеɣ-
ɧɵе ɮоɪɦɵ, ɱɬо ɩɪɢɜоɞɢɬ ɤ ɜоɡɧɢɤɧоɜеɧɢɸ ɜ оɫо-
ɛеɧɧо ɤɪɭɩɧɵɯ ɫɥɢɬɤаɯ ɯɢɦɢɱеɫɤоɣ ɢ ɫɬɪɭɤɬɭɪ-
ɧоɣ ɧеоɞɧоɪоɞɧоɫɬɢ. ɉɪɢ ɩɪоɢɡɜоɞɫɬɜе ɫɥɢɬɤоɜ 
ɢɡ ɫɥоɠɧоɥеɝɢɪоɜаɧɧɵɯ ɜɵɫоɤоаɡоɬɢɫɬɵɯ ɫɬаɥеɣ 
ɜ ɧɢɯ оɛɪаɡɭеɬɫɹ ɯɢɦɢɱеɫɤаɹ ɢ ɫɬɪɭɤɬɭɪɧаɹ ɧеоɞ-
ɧоɪоɞɧоɫɬɶ, ɫɧɢɠаɸɳаɹ ɩɪоɱɧоɫɬɧɵе ɩоɤаɡаɬеɥɢ 
>13, 14, 16@.

ȼ ɩоɫɥеɞɧее ɜɪеɦɹ ɫ ɰеɥɶɸ ɭɫɤоɪеɧɢɹ ɧаɫɵ-
ɳеɧɢɹ ɦеɬаɥɥа аɡоɬоɦ ɩɪɢ ɜɵɩɥаɜɤе ɫɬаɥеɣ ɜ 
ɢɧɞɭɤɰɢоɧɧɵɯ ɤаɦеɪɧɵɯ ɩеɱаɯ ɩоɞ ɞаɜɥеɧɢеɦ 
ɩɪоɢɡɜоɞɹɬ оɛɪаɛоɬɤɭ ɩоɥɭɱеɧɧоɝо ɪаɫɩɥаɜа ɧɢɡ-

ɤоɬеɦɩеɪаɬɭɪɧоɣ ɩɥаɡɦоɣ ɫ ɢɫɩоɥɶɡоɜаɧɢеɦ аɡоɬ-
ɫоɞеɪɠаɳɢɯ ɝаɡоɜɵɯ ɫɦеɫеɣ >21, 22@. ɗɬо ɩоɡɜо-
ɥɹеɬ ɡɧаɱɢɬеɥɶɧо ɭɫɤоɪɢɬɶ ɧаɫɵɳеɧɢе ɫɬаɥеɣ ɢ 
ɫɩɥаɜоɜ аɡоɬоɦ, ɞоɜеɫɬɢ еɝо ɤоɧɰеɧɬɪаɰɢɸ ɞо ɡɧа-
ɱеɧɢɣ, ɫɭɳеɫɬɜеɧɧо ɩɪеɜɵɲаɸɳɢɯ ɫɬаɧɞаɪɬɧɭɸ 
ɪаɫɬɜоɪɢɦоɫɬɶ, ɭɞеɲеɜɢɬɶ ɬеɯɧоɥоɝɢɸ ɢ ɫɧɢɡɢɬɶ 
ɢɯ ɫɬоɢɦоɫɬɶ. Ɍеɦ ɧе ɦеɧее, оɬɥɢɬɵе ɜ ɢɡɥоɠɧɢɰɵ 
ɫɥɢɬɤɢ ɢɡ ɷɬɢɯ ɫɬаɥеɣ ɧе ɥɢɲеɧɵ ɩоɪоɤоɜ, ɯаɪаɤ-
ɬеɪɧɵɯ ɞɥɹ ɬɪаɞɢɰɢоɧɧɵɯ ɥɢɬеɣɧɵɯ ɩɪоɰеɫɫоɜ, 
ɬаɤɢɯ ɤаɤ ɯɢɦɢɱеɫɤаɹ, ɡоɧаɥɶɧаɹ ɢ ɫɬɪɭɤɬɭɪɧаɹ 
ɧеоɞɧоɪоɞɧоɫɬɶ.

ȼ 60±70-е ɝоɞɵ ɩɪоɲɥоɝо ɜеɤа ɛɭɪɧое ɪаɡɜɢ-
ɬɢе ɩоɥɭɱɢɥ ɩɪоɰеɫɫ ɩɥаɡɦеɧɧо-ɞɭɝоɜоɝо ɩеɪе-
ɩɥаɜа (ɉȾɉ) ɫɬаɥеɣ ɢ ɫɩɥаɜоɜ ɫ ɮоɪɦɢɪоɜаɧɢеɦ 
ɫɥɢɬɤа ɜ оɯɥаɠɞаеɦоɦ ɤɪɢɫɬаɥɥɢɡаɬоɪе, ɤоɬоɪɵɣ 
ɩоɡɜоɥɹеɬ оɫɭɳеɫɬɜɥɹɬɶ ɥеɝɢɪоɜаɧɢе аɡоɬоɦ ɢɡ 
ɝаɡоɜоɣ ɮаɡɵ. ɏаɪаɤɬеɪɧоɣ оɫоɛеɧɧоɫɬɶɸ ɷɬоɝо 
ɩɪоɰеɫɫа ɥеɝɢɪоɜаɧɢɹ ɹɜɥɹеɬɫɹ ɱɪеɡɜɵɱаɣɧо ɜɵ-
ɫоɤаɹ ɫɤоɪоɫɬɶ аɛɫоɪɛɰɢɢ ɝаɡа ɠɢɞɤɢɦ ɦеɬаɥɥоɦ, 
ɤоɬоɪаɹ ɧа ɩоɪɹɞоɤ ɜɵɲе, ɱеɦ ɜ оɛɵɱɧɵɯ ɦеɬаɥ-
ɥɭɪɝɢɱеɫɤɢɯ аɝɪеɝаɬаɯ. ɉɪɢ ɉȾɉ ɱаɫɬɶ ɩоɜеɪɯ-
ɧоɫɬɢ ɠɢɞɤоɝо ɦеɬаɥɥа, ɤоɬоɪаɹ ɧеɩоɫɪеɞɫɬɜеɧɧо 
ɤоɧɬаɤɬɢɪɭеɬ ɫ ɩɥаɡɦеɧɧɵɦ ɮаɤеɥоɦ, ɢɧɬеɧɫɢɜɧо 
ɩоɝɥоɳаеɬ аɡоɬ ɜ ɪеɡɭɥɶɬаɬе ɬоɝо, ɱɬо ɜ ɷɬоɣ ɡоɧе 
ɫ ɩоɜеɪɯɧоɫɬɶɸ ɪаɫɩɥаɜа ɦоɥеɤɭɥɵ аɡоɬа ɜɡаɢɦо-
ɞеɣɫɬɜɭɸɬ ɜ ɜоɡɛɭɠɞеɧɧоɦ ɫоɫɬоɹɧɢɢ. Ɉɫɬаɥɶɧаɹ 
ɩоɜеɪɯɧоɫɬɶ ɜаɧɧɵ ɜɡаɢɦоɞеɣɫɬɜɭеɬ ɫ аɡоɬоɦ ɜ 
оɫɧоɜɧоɦ ɤоɥеɛаɬеɥɶɧоɦ ɫоɫɬоɹɧɢɢ ɢ ɩоɷɬоɦɭ ее 
ɦоɠɧо ɪаɫɫɦаɬɪɢɜаɬɶ ɤаɤ ɩоɜеɪɯɧоɫɬɶ, ɱеɪеɡ ɤо-
ɬоɪɭɸ ɩɪоɢɫɯоɞɢɬ ɞеɫоɪɛɰɢɹ ɢɡɛɵɬоɱɧоɝо аɡоɬа 
ɢɡ ɪаɫɩɥаɜа. ɉоɷɬоɦɭ ɞɢɧаɦɢɱеɫɤое ɪаɜɧоɜеɫɢе ɜ 
ɪаɫɩɥаɜе ɭɫɬаɧаɜɥɢɜаеɬɫɹ ɜ ɫооɬɜеɬɫɬɜɢɢ ɫ ɫооɬ-
ɧоɲеɧɢеɦ ɩɥоɳаɞеɣ аɛɫоɪɛɰɢɢ ɢ ɞеɫоɪɛɰɢɢ аɡо-
ɬа ɢ ɤɢɧеɬɢɤɢ ɷɬɢɯ ɩɪоɰеɫɫоɜ.

ɂɡɧаɱаɥɶɧо ɉȾɌ ɜɵɩɥаɜɤɢ аɡоɬɫоɞеɪɠаɳɢɯ 
ɫɬаɥеɣ ɪаɡɜɢɜаɥаɫɶ ɜ ɞɜɭɯ ɧаɩɪаɜɥеɧɢɹɯ >23@: ɪаɡ-
ɪаɛоɬɤа ɤоɪɪоɡɢоɧɧоɫɬоɣɤɢɯ ɷɤоɧоɦɧоɥеɝɢɪоɜаɧ-
ɧɵɯ ɫɬаɥеɣ, ɜ ɤоɬоɪɵɯ аɡоɬ ɢɫɩоɥɶɡɭеɬɫɹ ɤаɤ аɭ-
ɫɬеɧɢɬооɛɪаɡɭɸɳɢɣ ɷɥеɦеɧɬ (ɫɬаɥɢ ɫ ɱаɫɬɢɱɧоɣ 
ɡаɦеɧоɣ ɧɢɤеɥɹ аɡоɬоɦ) ɢ ɢɯ ɜɵɩɥаɜɤа ɜ ɩеɱаɯ 
ɉȾɉ; ɜɵɩɥаɜɤа ɦаɥоɭɝɥеɪоɞɢɫɬɵɯ ɜɵɫоɤоɩɪоɱ-
ɧɵɯ ɫɬаɥеɣ, ɜ ɤоɬоɪɵɯ аɡоɬ ɢɫɩоɥɶɡɭеɬɫɹ ɤаɤ ɫа-
ɦоɫɬоɹɬеɥɶɧɵɣ ɥеɝɢɪɭɸɳɢɣ ɷɥеɦеɧɬ.

ɉоɷɬоɦɭ ɪаɡɪаɛаɬɵɜаɹ ɫɬаɥɢ, ɫоɞеɪɠаɳɢе 
ɫɜеɪɯɪаɜɧоɜеɫɧɵɣ аɡоɬ, ɧеоɛɯоɞɢɦо ɛɵɥо ɭɫɬа-
ɧоɜɢɬɶ ɜеɥɢɱɢɧɭ аɡоɬɧоɝо ɷɤɜɢɜаɥеɧɬа ɧɢɤеɥɹ ɢ 
ɦаɪɝаɧɰа ɞɥɹ оɛɥаɫɬɢ ɤоɧɰеɧɬɪаɰɢɣ аɡоɬа, ɩɪеɜɵ-
ɲаɸɳɢɯ ɭɪоɜеɧɶ еɝо ɫɬаɧɞаɪɬɧоɣ ɪаɫɬɜоɪɢɦоɫɬɢ. 
ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ аɜɬоɪɵ ɪаɛоɬ >23±25@ ɪаɡɞеɥɢɥɢ 
ɫɬаɥɢ ɧа ɬɪɢ ɝɪɭɩɩɵ ɜ ɡаɜɢɫɢɦоɫɬɢ оɬ ɫоɞеɪɠаɧɢɹ 
ɯɪоɦа, �: 18...20, 21...24 ɢ 26...28. Ɋеɡɭɥɶɬаɬɵ ɢɫ-
ɫɥеɞоɜаɧɢɣ ɩɪеɞɫɬаɜɥеɧɵ ɜ ɬаɛɥ. 2.

Аɧаɥɢɡ ɩɪеɞɫɬаɜɥеɧɧɵɯ ɜ ɬаɛɥɢɰе ɞаɧɧɵɯ 
ɩоɡɜоɥɹеɬ ɫɞеɥаɬɶ ɫɥеɞɭɸɳɢе ɜɵɜоɞɵ. ɉȾɉ ɜ 
аɡоɬɫоɞеɪɠаɳеɣ аɬɦоɫɮеɪе ɫ ɮоɪɦɢɪоɜаɧɢеɦ 
ɫɥɢɬɤа ɜ ɜоɞооɯɥаɠɞаеɦоɦ ɤɪɢɫɬаɥɥɢɡаɬоɪе оɛ-
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ɥаɞаеɬ ɞоɫɬаɬоɱɧо ɲɢɪоɤɢɦɢ ɬеɯɧоɥоɝɢɱеɫɤɢɦɢ 
ɜоɡɦоɠɧоɫɬɹɦɢ. Ɉɧ ɩоɡɜоɥɹеɬ ɩоɥɭɱаɬɶ ɫɥɢɬɤɢ ɫ 
ɫоɞеɪɠаɧɢеɦ аɡоɬа, ɜ ɧеɫɤоɥɶɤо ɪаɡ ɩɪеɜɵɲаɸ-
ɳɢɦ ɫɬаɧɞаɪɬɧɭɸ ɪаɫɬɜоɪɢɦоɫɬɶ. ɍɜеɥɢɱеɧɢе ɫо-
ɞеɪɠаɧɢɹ аɡоɬа ɜ ɫɬаɥɢ ɩɪɢɜоɞɢɬ ɤ ɪаɫɲɢɪеɧɢɸ 
аɭɫɬеɧɢɬɧоɣ оɛɥаɫɬɢ ɢ ɭɦеɧɶɲеɧɢɸ ɢɥɢ ɩоɥɧоɦɭ 
ɭɫɬɪаɧеɧɢɸ ɮеɪɪɢɬɧоɣ ɫоɫɬаɜɥɹɸɳеɣ.

Ƚруппа сталей, содерɠаɳиɯ ��...�� � Cr, ɧаɢɛо-
ɥее ɪаɫɩɪоɫɬɪаɧеɧɧаɹ ɜ ɯɢɦɢɱеɫɤоɦ ɦаɲɢɧоɫɬɪо-
еɧɢɢ, ɢɫɩоɥɶɡɭеɬɫɹ ɞɥɹ ɢɡɝоɬоɜɥеɧɢɹ аɩɩаɪаɬɭɪɵ 
ɞɥɹ ɪаɛоɬɵ ɜ ɫɪеɞаɯ ɫɪеɞɧеɣ аɝɪеɫɫɢɜɧоɫɬɢ. ȼɜе-
ɞеɧɢе ɜ ɫɬаɥɢ ɷɬоɝо ɤɥаɫɫа аɡоɬа ɪаɫɲɢɪɹеɬ Ȗ-оɛ-
ɥаɫɬɶ ɢ ɫɦеɳаеɬ ɝɪаɧɢɰɭ ɭɫɬоɣɱɢɜоɝо аɭɫɬеɧɢɬа ɜ 
ɫɬоɪоɧɭ ɩоɧɢɠеɧɢɹ ɫоɞеɪɠаɧɢɹ ɧɢɤеɥɹ. ɉɪɢɱеɦ 
ɜɜеɞеɧɢе ɪаɡɥɢɱɧоɝо ɤоɥɢɱеɫɬɜа аɡоɬа ɜ ɫɬаɥɶ 
ɩоɡɜоɥɹеɬ ɢɡɦеɧɢɬɶ ее ɫɬɪɭɤɬɭɪɧɵɣ ɫоɫɬаɜ оɬ 
ɬɪеɯɮаɡɧоɣ (аɭɫɬеɧɢɬ � ɦаɪɬеɧɫɢɬ � ɮеɪɪɢɬ ɩɪɢ 
0,35 � N ) ɞо ɱɢɫɬо аɭɫɬеɧɢɬɧоɣ (0,48 � N).

Ƚруппа сталей, содерɠаɳиɯ ��...�� � Cr. ȼ ɡаɜɢ-
ɫɢɦоɫɬɢ оɬ ɫоɞеɪɠаɧɢɹ аɡоɬа ɜ ɫɬаɥɹɯ ɷɬоɣ ɝɪɭɩ-
ɩɵ ɢɯ ɫɬɪɭɤɬɭɪа ɢɡɦеɧɹеɬɫɹ оɬ ɞɜɭɯɮаɡɧоɣ аɭɫɬе-
ɧɢɬɧо-ɮеɪɪɢɬɧоɣ ɫ 8 � ɮеɪɪɢɬɧоɣ ɫоɫɬаɜɥɹɸɳеɣ 
ɞо ɩоɥɧоɫɬɶɸ аɭɫɬеɧɢɬɧоɣ.

Ƚруппа сталей, содерɠаɳая ��...�� � Cr. ɉɪɢ 
ɜɜеɞеɧɢɢ ɜ ɫɬаɥɶ аɡоɬа ɜɵɲе ɭɪоɜɧɹ ɫɬаɧɞаɪɬɧоɣ 
ɪаɫɬɜоɪɢɦоɫɬɢ (0,�2 � N) ɫоɡɞаɸɬɫɹ ɛɥаɝоɩɪɢɹɬ-
ɧɵе ɭɫɥоɜɢɹ ɞɥɹ оɛɪаɡоɜаɧɢɹ оɞɧоɮаɡɧоɣ аɭɫɬе-
ɧɢɬɧоɣ ɫɬɪɭɤɬɭɪɵ ɭɠе ɩɪɢ 8,2 � Ni. Ⱦаɥɶɧеɣɲее 
ɩоɜɵɲеɧɢе ɫоɞеɪɠаɧɢɹ ɷɥеɦеɧɬоɜ, ɫɩоɫоɛɫɬɜɭɸ-
ɳɢɯ оɛɪаɡоɜаɧɢɸ аɭɫɬеɧɢɬа ɩɪɢ ɩоɱɬɢ ɧеɢɡɦеɧ-
ɧоɦ ɫоɞеɪɠаɧɢɢ ɯɪоɦа, ɩɪɢɜоɞɢɬ ɤ ɩоɜɵɲеɧɢɸ 
еɝо ɭɫɬоɣɱɢɜоɫɬɢ ɛеɡ ɢɡɦеɧеɧɢɹ ɫɬɪɭɤɬɭɪɵ ɫɬаɥɢ.

ȼɥɢɹɧɢе ɜɵɫоɤɢɯ ɤоɧɰеɧɬɪаɰɢɣ аɡоɬа ɧа ɫɬɪɭɤ-
ɬɭɪɭ ɯɪоɦоɧɢɤеɥеɜɵɯ ɧɢɡɤоɭɝɥеɪоɞɢɫɬɵɯ ɫɬаɥеɣ 
ɩоɤаɡаɧо ɧа ɪɢɫ. 3 >25@.

ɋɬɪɭɤɬɭɪɧɵе ɞɢаɝɪаɦɦɵ, ɩɪеɞɫɬаɜɥеɧɧɵе 
ɧа ɪɢɫɭɧɤе, ɩоɫɬɪоеɧɵ ɧа оɫɧоɜе ɤɥаɫɫɢɱеɫɤоɣ 
ɞɢаɝɪаɦɦɵ ɒеɮɮɥеɪа. Ⱦɢаɝɪаɦɦа ɧа ɪɢɫ. 3, а 
ɫооɬɜеɬɫɬɜɭеɬ ɫоɞеɪɠаɧɢɸ аɡоɬа, ɪаɜɧоɦɭ еɝо 
ɫɬаɧɞаɪɬɧоɣ ɪаɫɬɜоɪɢɦоɫɬɢ ɩɪɢ 1600 оɋ, б ² 
ɞɜɭɯɤɪаɬɧоɦɭ, в ² ɬɪеɯɤɪаɬɧоɦɭ ɢ г ² ɱеɬɵɪеɯ-
ɤɪаɬɧоɦɭ ɩеɪеɫɵɳеɧɢɸ ɫɬаɥɢ аɡоɬоɦ ɩɪɢ 1600 оɋ.

Аɧаɥɢɡ ɩɪеɞɫɬаɜɥеɧɧɵɯ ɧа ɪɢɫ. 3 ɞɢаɝɪаɦɦ 
ɩоɤаɡɵɜаеɬ, ɱɬо ɤоɥɢɱеɫɬɜо ɧɢɤеɥɹ, ɧеоɛɯоɞɢɦое 
ɞɥɹ ɩоɥɭɱеɧɢɹ ɭɫɬоɣɱɢɜоɝо аɭɫɬеɧɢɬа ɜ ɯɪоɦоɧɢ-
ɤеɥеɜоɣ ɫɬаɥɢ, ɬеɦ ɦеɧɶɲе, ɱеɦ ɜɵɲе ɫоɞеɪɠаɧɢе 
аɡоɬа ɜ ɧеɣ.

ɂɡɜеɫɬɧо, ɱɬо ɯɪоɦ ɹɜɥɹеɬɫɹ ɫɢɥɶɧɵɦ ɮеɪɪɢ-
ɬоɛɪаɡɭɸɳɢɦ ɷɥеɦеɧɬоɦ ɢ ɜ ɬо ɠе ɜɪеɦɹ оɧ ɫɩо-
ɫоɛɫɬɜɭеɬ ɜоɜɥеɱеɧɢɸ аɡоɬа ɜ ɯɪоɦоɧɢɤеɥеɜɵе ɢ 
ɯɪоɦоɧɢɤеɥɶɦаɪɝаɧɰоɜɢɫɬɵе ɫɬаɥɢ. Ɍаɤɢɦ оɛɪа-
ɡоɦ, ɩɪɢ ɩоɜɵɲеɧɢɢ ɤоɧɰеɧɬɪаɰɢɢ ɯɪоɦа ɜ ɫɬа-
ɥɢ оɞɧоɜɪеɦеɧɧо ɜоɡɪаɫɬаеɬ ɢ ɫоɞеɪɠаɧɢе аɡоɬа, 
ɤаɤ аɭɫɬеɧɢɬооɛɪаɡɭɸɳеɝо ɷɥеɦеɧɬа. ɉоɫɤоɥɶɤɭ 
ɪаɫɲɢɪɹɸɳее ɞеɣɫɬɜɢе аɡоɬа ɧа Ȗ íоɛɥаɫɬɶ ɩɪоɹɜ-
ɥɹеɬɫɹ ɫɢɥɶɧее, ɱеɦ ɫɭɠаɸɳее ɯɪоɦа, ɬо ɜ ɫɬаɥɹɯ 
ɫ ɜɵɫоɤɢɦ ɫоɞеɪɠаɧɢеɦ ɯɪоɦа ɜɵɤɥɢɧɢɜаеɬɫɹ оɛ-
ɥаɫɬɶ ɞɜɭɯɮаɡɧɵɯ ɫɬɪɭɤɬɭɪ (А � Ɏ) ɢ ɪаɫɲɢɪɹеɬ-
ɫɹ оɛɥаɫɬɶ ɱɢɫɬо аɭɫɬеɧɢɬɧоɣ ɫɬɪɭɤɬɭɪɵ (ɪɢɫ. 3, 
в, г). ɉоɷɬоɦɭ ɩɪɢ ɱеɬɵɪеɯɤɪаɬɧоɦ ɩеɪеɫɵɳеɧɢɢ 
ɠɢɞɤоɣ ɫɬаɥɢ аɡоɬоɦ ɩɪеɞɫɬаɜɥɹеɬɫɹ ɜоɡɦоɠɧɵɦ 
ɩоɥɭɱɢɬɶ ɱɢɫɬо аɭɫɬеɧɢɬɧɭɸ ɫɬɪɭɤɬɭɪɭ ɜ ɛеɡɧɢɤе-
ɥеɜɵɯ ɫɬаɥɹɯ, ɧаɱɢɧаɹ ɫ 18 � Cr >24, 26@.

ȼ ɪеаɥɶɧɵɯ ɭɫɥоɜɢɹɯ ɩеɪеɩɥаɜа ɫɤоɪоɫɬɶ ɧа-
ɫɵɳеɧɢɹ ɪаɫɩɥаɜа аɡоɬоɦ оɩɪеɞеɥɹеɬ ɩɪоɢɡɜо-
ɞɢɬеɥɶɧоɫɬɶ ɩеɪеɩɥаɜɧоɝо ɩɪоɰеɫɫа, а ɜ ɬеɯɧо-

 
Ɍ а ɛ ɥ ɢ ɰ а  � .  ȼɥɢɹɧɢе аɡɨɬа ɧа ɫɬɪɭɤɬɭɪɭ ɯɪɨɦɨɧɢɤеɥеɜɵɯ ɫɬаɥеɣ

ɏɢɦɢɱеɫɤɢɣ ɫɨɫɬаɜ� ɦаɫ. � ɋɬаɧɞаɪɬɧаɹ 
ɪаɫɬɜɨɪɢɦɨɫɬɶ 
аɡɨɬа S1� ����� �

ɋɬɪɭɤɬɭɪɧɵɣ ɫɨɫɬаɜ

&r 1i 1 Меɬаɥɥɨɝɪаɮɢɱеɫɤаɹ 
ɨɰеɧɤа ɉɨ ɒеɮɮɥеɪɭ ɛеɡ аɡɨɬа

18,3
18,3
1�,5
1�,5
21,0
21,0
21,0
21,0
21,0
21,0
23,5
23,5
23,5
28,1
27,8
27,8
26,�

2,2
2,2
4,7
4,7
3,0
3,0
3,0
6,0
6,0
6,0
6,5
6,5
6,5
2,3
4,8
4,0
8,2

0,44
0,5�
0,33
0,48
0,45
0,55
0,58
0,47
0,56
0,61
0,42
0,45
0,51
0,74
0,76
0,84
0,�2

0,18
í»í
0,1�
í»í
0,23
í»í
í»í
0,31
í»í
í»í
0,32
í»í
í»í
0,38
0,37
í»í
0,44

А � М � Ɏ
А

А � М � Ɏ
А

А � 10 � Ɏ
А � ɫɥеɞɵ Ɏ

А
А � 21 � Ɏ
А � ɫɥеɞɵ Ɏ

А
А � 10 � Ɏ
А � ɫɥеɞɵ Ɏ

А
А � 25 � Ɏ
А � 11 � Ɏ
А � 8 � Ɏ

А

М � Ɏ
А

А � М � Ɏ
А � М � Ɏ
А � М � Ɏ
А � 20 � Ɏ
А � 18 � Ɏ
А � 13 � Ɏ
А � 8 � Ɏ

А � 18 � Ɏ
А � 17 � Ɏ
А � 14 � Ɏ
А � 58 � Ɏ
А � 25 � Ɏ
А � 23 � Ɏ
А � 8 � Ɏ

ɉримеɱание. А ² аɭɫɬеɧɢɬ; М ² ɦаɪɬеɧɫɢɬ; Ɏ ² ɮеɪɪɢɬ.



36 ISSN 2415-8445 СОВРЕМЕННАЯ ЭЛЕКТРОМЕТАЛЛУРГИЯ, № 1 (122), 2016

ПЛАЗМЕННО-ДУГОВАЯ ТЕХНОЛОГИЯ

                                                        

ɥоɝɢɱеɫɤоɦ ɜаɪɢаɧɬе ² ɫɤоɪоɫɬɶ ɜɵɬɹɝɢɜаɧɢɹ 
ɫɥɢɬɤа. Ɉɬɧоɫɢɬеɥɶɧо ɜɥɢɹɧɢɹ ɫɤоɪоɫɬɢ ɜɵɬɹɝɢ-
ɜаɧɢɹ ɫɥɢɬɤа ɧа ɫоɞеɪɠаɧɢе аɡоɬа ɜ ɯɪоɦоɧɢɤеɥɶ-
ɦаɪɝаɧɰоɜɢɫɬɵɯ ɫɬаɥɹɯ ɜ ɥɢɬеɪаɬɭɪе ɢɡɜеɫɬɧɵ 
ɧеɫɤоɥɶɤо ɩɪоɬɢɜоɪеɱɢɜɵе ɞаɧɧɵе. Ɍаɤ, ɩо ɞаɧ-
ɧɵɦ ɪаɛоɬɵ >27@ ɭɜеɥɢɱеɧɢе ɫɤоɪоɫɬɢ ɩеɪеɩɥаɜа 
ɩɪɢɜоɞɢɬ ɤ ɡаɦеɬɧоɦɭ ɫɧɢɠеɧɢɸ ɤоɧɰеɧɬɪаɰɢɢ 
аɡоɬа ɜ ɫɥɢɬɤе, ɩɪɢɱеɦ ɷɬо ɧаɛɥɸɞаеɬɫɹ ɩɪɢ ɫɤоɪо-
ɫɬɢ ɜɵɬɹɝɢɜаɧɢɹ ɫɥɢɬɤа ɜɵɲе 15 ɦɦ/ɦɢɧ. ɉо ɪе-
ɡɭɥɶɬаɬаɦ ɪаɛоɬɵ >25@ ɩɪɢ ɩеɪеɩɥаɜе ɬаɤɢɯ ɜɵɫо-
ɤоɯɪоɦɢɫɬɵɯ ɫɬаɥеɣ ɤаɤ ɗɂ835, ɗɂ�81 ɢ ɗɂ3�5 
ɫɤоɪоɫɬɶ ɜɵɬɹɝɢɜаɧɢɹ ɫɥɢɬɤа ɜɩɥоɬɶ ɞо 23 ɦɦ/ɦɢɧ 
ɧе ɜɥɢɹеɬ ɧа ɫоɞеɪɠаɧɢе аɡоɬа.

ɉɪоаɧаɥɢɡɢɪɭеɦ ɭɪаɜɧеɧɢе ɞɢɮɮɭɡɢоɧɧоɣ ɤɢ-
ɧеɬɢɤɢ ɞɥɹ ɫɥɭɱаɹ ɉȾɉ, ɩɪɢɧɹɜ ȕа   ȕ0   ȕ:
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(1)

Ɂɞеɫɶ ɧеоɛɯоɞɢɦо оɬɦеɬɢɬɶ, ɱɬо ɤɢɧеɬɢɱеɫɤɢɣ 
ɮаɤɬоɪ FĲ/9 еɫɬɶ ɧе ɱɬо ɢɧое, ɤаɤ ɥɢɧеɣɧаɹ ɫɤо-
ɪоɫɬɶ ɜɵɬɹɝɢɜаɧɢɹ ɫɥɢɬɤа 9ɫɥ.. Ɍоɝɞа ɜɵɪаɠеɧɢе 
(1) ɦоɠɧо ɡаɩɢɫаɬɶ ɫɥеɞɭɸɳɢɦ оɛɪаɡоɦ:
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ȿɫɥɢ ɩоɞɫɬаɜɢɬɶ ɜ ɭɪаɜɧеɧɢе (2) ɡɧаɱеɧɢе ɫɤо-
ɪоɫɬɢ ɜɵɬɹɝɢɜаɧɢɹ, ɬо ɜɢɞɧо, ɱɬо ɩɪɢ ɫɤоɪоɫɬɢ 
ɩɪɢɦеɪɧо ɞо 10 ɦɦ/ɦɢɧ ɜɵɪаɠеɧɢе ɜ ɫɤоɛɤаɯ ɜ 
ɩɪеɞеɥаɯ ɬоɱɧоɫɬɢ оɩɵɬоɜ ɦоɠɧо ɩɪɢɪаɜɧɹɬɶ еɞɢ-
ɧɢɰе. Ɍоɝɞа ɭɪаɜɧеɧɢе ɩɪɢɦеɬ ɜɢɞ:

 
0 ,N N

N

p
aF C F C

C F

∗ +
=

 
(3)

ɢɥɢ

 2

0 .N N
N N

aF K F K
C PF

∗ +
=

 
(4)

ȼ ɭɫɬаɧоɜɢɜɲеɦɫɹ ɪеɠɢɦе ɩеɪеɩɥаɜа ɩɪɢ ɫɤо-
ɪоɫɬɹɯ ɜɵɬɹɝɢɜаɧɢɹ ɞо 10 ɦɦ/ɦɢɧ (ɜ ɩɪоɦɵɲɥеɧ-
ɧɵɯ ɩеɱаɯ ɉȾɉ ɫɤоɪоɫɬɶ ɜɵɬɹɝɢɜаɧɢɹ, ɤаɤ ɩɪа-
ɜɢɥо, ɧе ɩɪеɜɵɲаеɬ 4«8 ɦɦ/ɦɢɧ) ɦеɬаɥɥɢɱеɫɤаɹ 
ɜаɧɧа ɧаɫɵɳаеɬɫɹ аɡоɬоɦ ɞо ɤоɧɰеɧɬɪаɰɢɢ, ɤоɬо-
ɪаɹ оɩɪеɞеɥɹеɬɫɹ ɡаɤоɧоɦ ɋɢɜеɪɬɫа. ɗɬо ɹɜɥɹеɬɫɹ 
ɩɪɹɦɵɦ ɩоɞɬɜеɪɠɞеɧɢеɦ ɬоɝо, ɱɬо ɤоɧɰеɧɬɪаɰɢɹ 
аɡоɬа ɜ ɦеɬаɥɥɢɱеɫɤоɣ ɜаɧɧе оɩɪеɞеɥɹеɬɫɹ ɞɢɧа-
ɦɢɱеɫɤɢɦ ɪаɜɧоɜеɫɢеɦ аɡоɬа ɜ ɪаɫɩɥаɜе, ɤоɬоɪое 
ɡаɜɢɫɢɬ оɬ ɫооɬɧоɲеɧɢɹ ɩɥоɳаɞеɣ аɛɫоɪɛɰɢɢ ɢ 
ɞеɫоɪɛɰɢɢ аɡоɬа ɜ ɦеɬаɥɥɢɱеɫɤоɣ ɜаɧɧе ɢ ɤɢɧеɬɢ-
ɤɢ ɷɬɢɯ ɩɪоɰеɫɫоɜ.
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Peculiarities of alloying of metallic materials with nitrogen, including that from a gas phase in plasma±arc remelting 
(PAR) are considered. Unlike the other alloying elements, the nitrogen under standard conditions is in a gaseous state. 
Therefore, its application as an alloying element has its peculiar features. It is shown that the rate of nitrogen absorption 
in PAR is rather high and allows producing ingots in which the nitrogen content exceeds the standard gas solubility 
in a molten steel at the liTuidus temperature. The nitrogen effect as an alloying element is comparable with the effect 
of carbon. It is shown on some examples that by applying the method of plasma-arc remelting it seems to be possible 
in the industrial scales to alloy steel with nitrogen up to the concentrations, much exceeding its standard solubility in 
metal. Ingots, melted in the plasma-arc furnaces, are characterized by the high Tuality of surface and have a dense 
macrostructure in spite of a high nitrogen content. Nitrogen, dissolved in metal, is sufficiently uniformly distributed in 
the volume of ingots. 2� Ref., 3 Tables, 3 Figures.
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