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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. 5, ɬаɛɥ. 5, ɢɥ. 4.
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Ɋаɡɪаɛоɬаɧɧɵе ɢ оɫɜоеɧɧɵе ɜ ɩɪоɦɵɲɥеɧɧɵɯ 
ɭɫɥоɜɢɹɯ ɬеɯɧоɥоɝɢɢ ɜɵɩɥаɜɤɢ ɜɵɫоɤоаɡоɬɢɫɬɵɯ 
ɫɬаɥеɣ ɜ ɩɥаɡɦеɧɧо-ɞɭɝоɜɵɯ ɩеɱаɯ ɩоɤаɡаɥɢ ɫɜоɸ 
ɜɵɫоɤɭɸ ɷɮɮеɤɬɢɜɧоɫɬɶ.

ȼɵɩɥаɜɤа ɛоɥɶɲоɝо ɫоɪɬɦеɧɬа ɫɬаɥеɣ, ɥеɝɢɪо-
ɜаɧɧɵɯ аɡоɬоɦ, ɛɵɥа оɫɜоеɧа ɧа ɡаɜоɞе «ɗɥеɤɬɪо-
ɫɬаɥɶ» ɜ ɩɥаɡɦеɧɧо-ɞɭɝоɜоɣ ɩеɱɢ ɍí400 (ɪɢɫ. 1), 
ɫоɡɞаɧɧоɣ ɫоɜɦеɫɬɧо ɫо ɫɩеɰɢаɥɢɫɬаɦɢ ɂɧɫɬɢɬɭ-
ɬа ɷɥеɤɬɪоɫɜаɪɤɢ ɢɦ. ȿ. Ɉ. ɉаɬоɧа ɇАɇ ɍɤɪаɢɧɵ 
(ɬаɛɥ. 1) >1@.

ɂɫɩоɥɶɡɭɹ ɫɩоɫоɛ ɩɥаɡɦеɧɧо-ɞɭɝоɜоɝо ɩеɪе-
ɩɥаɜа (ɉȾɉ) ɩɪеɞɫɬаɜɥɹеɬɫɹ ɜоɡɦоɠɧɵɦ ɜ ɩɪо-
ɦɵɲɥеɧɧɵɯ ɦаɫɲɬаɛаɯ ɥеɝɢɪоɜаɬɶ ɫɬаɥɢ аɡоɬоɦ 
ɞо ɤоɧɰеɧɬɪаɰɢɣ, ɡɧаɱɢɬеɥɶɧо ɩɪеɜɵɲаɸɳɢɯ еɝо 
ɫɬаɧɞаɪɬɧɭɸ ɪаɫɬɜоɪɢɦоɫɬɶ ɜ ɦеɬаɥɥе.

ɉɪɢ ɷɬоɦ ɜɵɩɥаɜɥеɧɧɵе ɫɥɢɬɤɢ, ɧеɫɦоɬɪɹ ɧа 
оɱеɧɶ ɜɵɫоɤое ɫоɞеɪɠаɧɢе аɡоɬа, ɢɦеɸɬ ɜɵɫоɤɭɸ 
ɩɥоɬɧоɫɬɶ ɢ ɩоɥɧоɫɬɶɸ ɥɢɲеɧɵ ɩоɞɤоɪɤоɜоɣ ɩо-
ɪɢɫɬоɫɬɢ ɢ ɭɫаɞоɱɧоɣ ɪɵɯɥоɫɬɢ >2, 3@.

Ɍеɯɧоɥоɝɢɹ ɩɪоɢɡɜоɞɫɬɜа ɜɵɫоɤоаɡоɬɢɫɬɵɯ 
ɫɬаɥеɣ ɛаɡɢɪɭеɬɫɹ ɧа ɬоɦ, ɱɬо ɩɪɢ ɜɵɩɥаɜɤе ɦеɬаɥ-
ɥа ɞɥɹ ɪаɫɯоɞɭеɦɵɯ ɡаɝоɬоɜоɤ ɜ ɷɥеɤɬɪоɞɭɝоɜɵɯ 
ɩеɱаɯ ɢɫɩоɥɶɡɭɸɬɫɹ ɞеɲеɜɵе ɧе аɡоɬɢɪоɜаɧɧɵе 
ɮеɪɪоɫɩɥаɜɵ. Ʌеɝɢɪоɜаɧɢе ɫɬаɥеɣ оɫɭɳеɫɬɜɥɹеɬ-
ɫɹ ɢɡ ɝаɡоɜоɣ ɮаɡɵ ɜ ɩɪоɰеɫɫе ɩеɪеɩɥаɜа ɪаɫɯоɞɭе-
ɦɵɯ ɡаɝоɬоɜоɤ ɜ ɩɥаɡɦеɧɧо-ɞɭɝоɜоɣ ɩеɱɢ, ɞɥɹ ɱеɝо 
ɩɪɢɦеɧɹɸɬɫɹ аɪɝоɧо-аɡоɬɧɵе ɫɦеɫɢ ɜ ɤаɱеɫɬɜе 
ɩɥаɡɦооɛɪаɡɭɸɳеɝо ɝаɡа. ɗɬо ɩоɡɜоɥɹеɬ ɩоɥɭɱаɬɶ 

ɞоɫɬаɬоɱɧо ɱɢɫɬɵе оɬ ɩɪɢɦеɫеɣ ɜɵɫоɤоаɡоɬɢɫɬɵе 
ɫɬаɥɢ ɧе ɩɪɢɛеɝаɹ ɤ ɩɪɢɦеɧеɧɢɸ ɞоɪоɝоɫɬоɹɳɢɯ 
аɡоɬɫоɞеɪɠаɳɢɯ ɮеɪɪоɫɩɥаɜоɜ.

ȼɵɩɥаɜɥеɧɧɵе ɫɥɢɬɤɢ оɬɥɢɱаɸɬɫɹ ɜɵɫоɤɢɦ 
ɤаɱеɫɬɜоɦ ɩоɜеɪɯɧоɫɬɢ ɢ ɢɦеɸɬ ɩɥоɬɧɭɸ ɦаɤɪо-
ɫɬɪɭɤɬɭɪɭ (ɪɢɫ. 2). ɉоɞɤоɪɤоɜɵе ɞеɮеɤɬɵ ɢ ɭɫа-
ɞоɱɧɵе ɪɵɯɥоɬɵ ɜ ɫɥɢɬɤаɯ оɬɫɭɬɫɬɜɭɸɬ. Ɋаɫɬɜо-

© ɂ. ȼ. ɒȿɃɄɈ, Ƚ. М. ȽɊɂȽɈɊȿɇɄɈ, ȼ. А. ɒАɉɈȼАɅɈȼ, 2016

Ɋɢɫ. 1. ɉɥаɡɦеɧɧо-ɞɭɝоɜаɹ ɩеɱɶ ɍ-400
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ɪеɧɧɵɣ ɜ ɦеɬаɥɥе аɡоɬ ɞоɫɬаɬоɱɧо ɪаɜɧоɦеɪɧо 
ɪаɫɩɪеɞеɥеɧ ɜ оɛɴеɦе ɫɥɢɬɤоɜ (ɪɢɫ. 3).

Ⱦɥɹ ɫɬаɥеɣ, ɫоɞеɪɠаɳɢɯ ɫɜеɪɯɪаɜɧоɜеɫɧое 
ɤоɥɢɱеɫɬɜо аɡоɬа, ɜоɡɦоɠɧа ɞеаɡоɬаɰɢɹ ɦеɬаɥɥа 
ɩɪɢ ɬеɪɦооɛɪаɛоɬɤе. ɉɪоɜеɪɤа ɷɬоɝо ɩɪеɞɩоɥоɠе-
ɧɢɹ ɩоɤаɡаɥа, ɱɬо ɩɪɢ ɧаɝɪеɜе ɫɬаɥɢ ɞо 1100 оɋ ɜ 
ɬеɱеɧɢɢ 100 ɱ ɞеаɡоɬаɰɢɹ ɦеɬаɥɥа ɩɪоɢɫɯоɞɢɬ ɜ 
ɬоɧɤоɦ ɩоɜеɪɯɧоɫɬɧоɦ ɫɥое ɬоɥɳɢɧоɣ ɧе ɛоɥее 
0,3 ɦɦ (ɪɢɫ. 4) >2@. Ɍаɤоɣ ɠе ɧаɝɪеɜ ɜ ɜаɤɭɭɦе ɜɵ-
ɡɵɜаеɬ ɞеаɡоɬаɰɢɸ ɫɥоɹ ɬоɥɳɢɧоɣ оɤоɥо 1 ɦɦ.

ɍɛеɞɢɬеɥɶɧɵе ɪеɡɭɥɶɬаɬɵ ɩо аɡоɬɢɪоɜаɧɢɸ 
ɪаɡɥɢɱɧɵɯ ɫɬаɥеɣ ɢɡ аɬɦоɫɮеɪɵ ɧɢɡɤоɬеɦɩеɪа-
ɬɭɪɧоɣ ɩɥаɡɦɵ ɩоɥɭɱеɧɵ ɧа ɩɪоɦɵɲɥеɧɧоɣ ɩɥаɡ-

ɦеɧɧо-ɞɭɝоɜоɣ ɩеɱɢ ɍ-600 ɩɪɢ ɜɵɩɥаɜɤе ɫɥɢɬɤоɜ 
ɦаɫɫоɣ ɞо ɱеɬɵɪеɯ ɬоɧɧ (ɂɠеɜɫɤɢɣ ɦеɬаɥɥɭɪɝɢɱе-
ɫɤɢɣ ɡаɜоɞ, Ɋоɫɫɢɹ) (ɬаɛɥ. 2). Ⱦɥɹ ɩеɪеɩɥаɜа ɷɬɢɯ 
ɫɬаɥеɣ ɢɫɩоɥɶɡоɜаɥɢ ɪаɡɞеɥɶɧɭɸ ɩоɞаɱɭ ɝаɡоɜ: аɪ-
ɝоɧ ² ɱеɪеɡ ɩɥаɡɦоɬɪоɧɵ, аɡоɬ ² ɜ ɤаɦеɪɭ ɩеɱɢ 
ɦɢɧɭɹ ɩɥаɡɦоɬɪоɧɵ. Ɍаɤɭɸ ɩоɞаɱɭ ɝаɡоɜ ɜɵɩоɥ-
ɧɹɥɢ ɫ ɰеɥɶɸ ɫɧɢɠеɧɢɹ ɬеɩɥоɜоɣ ɧаɝɪɭɡɤɢ ɧа ɫоɩ-
ɥа ɢ ɷɥеɤɬɪоɞɵ ɩɥаɡɦоɬɪоɧоɜ.

Аɧаɥоɝɢɱɧɵе ɡаɤоɧоɦеɪɧоɫɬɢ ɥеɝɢɪоɜаɧɢɹ 
ɩоɥɭɱеɧɵ ɜ ɂɗɋ ɢɦ. ȿ. Ɉ. ɉаɬоɧа ɩɪɢ ɜɵɩɥаɜ-
ɤе ɯɪоɦоɧɢɤеɥеɜоɣ ɫɬаɥɢ ɏ20ɇ5Ƚ2Ʌ ɜ ɩɥаɡɦеɧ-
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Ɋɢɫ. 2. Маɤɪоɫɬɪɭɤɬɭɪа ɫɥɢɬɤоɜ ɞɢаɦеɬɪоɦ 250 ɦɦ, ɜɵɩɥаɜ-
ɥеɧɧɵɯ ɜ аɡоɬɫоɞеɪɠаɳеɣ аɬɦоɫɮеɪе ɜ ɩеɱɢ ɉȾɉ: а ² ɫɬаɥɶ 
ɗɂ-835 (ɏ25ɇ16Ƚ7АɊ), >N@   0,56 �; б ² ɫɬаɥɶ ɗɉ-731 
(000ɏ1�ɇ7Ƚ7АМ2, ɜеɪɯ ɫɥɢɬɤа), >N@   0,60 �

Ɋɢɫ. 3. Ɋаɫɩɪеɞеɥеɧɢе аɡоɬа ɜ ɫɥɢɬɤаɯ ɉȾɉ: а ² ɫɬаɥɶ Ɋ6М5; б ² ɫɬаɥɶ ɏ25ɇ16Ƚ7АɊ ɫо ɫɬаɧɞаɪɬɧɵɦ (ɪаɜɧоɜеɫɧɵɦ) ɫоɞеɪ-
ɠаɧɢеɦ аɡоɬа; в ² ɬо ɠе ɫ ɩоɜɵɲеɧɧɵɦ (ɫɜеɪɯɪаɜɧоɜеɫɧɵɦ) ɫоɞеɪɠаɧɢеɦ аɡоɬа
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ɧо-ɞɭɝоɜоɣ ɝаɪɧɢɫɫаɠɧоɣ ɩеɱɢ ɫ ɢɫɩоɥɶɡоɜаɧɢеɦ 
аɡоɬɫоɞеɪɠаɳеɣ ɩɥаɡɦɵ (ɬаɛɥ. 3) >3@.

ɉо ɞаɧɧɵɦ ɪаɛоɬɵ >2@ ɜ ɫɬаɥɢ ɗɂ-835 (ɏ25ɇ16Ƚ7АɊ), 
ɩеɪеɩɥаɜɥеɧɧоɣ ɜ ɩɥаɡɦеɧɧо-ɞɭɝоɜоɣ ɩеɱɢ ɫо 
ɫɬаɧɞаɪɬɧɵɦ ɫоɞеɪɠаɧɢеɦ аɡоɬа, ɤоɥɢɱеɫɬɜо ɧе-
ɦеɬаɥɥɢɱеɫɤɢɯ ɜɤɥɸɱеɧɢɣ ɧаɯоɞɢɬɫɹ ɧа ɭɪоɜɧе 
ɦеɬаɥɥа ɗɒɉ (ɬаɛɥ. 4). Ɉɛɳее ɫоɞеɪɠаɧɢе ɧеɦе-
ɬаɥɥɢɱеɫɤɢɯ ɜɤɥɸɱеɧɢɣ ɜ ɫɬаɥɢ ɜ ɪеɡɭɥɶɬаɬе ɩеɪе-
ɩɥаɜа ɫɧɢɠаеɬɫɹ ɫ ɩɹɬɢ ɛаɥɥоɜ ɞо ɬɪеɯ. Ɉɫɬаɜɲɢ-
еɫɹ ɧеɦеɬаɥɥɢɱеɫɤɢе ɜɤɥɸɱеɧɢɹ ɪаɫɩоɥаɝаɸɬɫɹ 
ɪаɜɧоɦеɪɧо.

ɋɬаɥɶ ɗɉ-618 (ɏ25ɇ12АɊ) ɩɪɢɦеɧɹеɬɫɹ ɞɥɹ 
ɢɡɝоɬоɜɥеɧɢɹ ɤоɧɫɬɪɭɤɰɢɣ оɬɜеɬɫɬɜеɧɧоɝо ɧаɡɧа-
ɱеɧɢɹ. ɋоɝɥаɫɧо ɬеɯɧɢɱеɫɤɢɯ ɭɫɥоɜɢɣ ɫоɞеɪɠа-
ɧɢе аɡоɬа ɜ ɧеɣ ɞоɥɠɧо ɛɵɬɶ 0,30...0,45 � >4@. ɉɪɢ 
ɩеɪеɩɥаɜе ɷɬоɣ ɫɬаɥɢ ɜ ɩɥаɡɦеɧɧо-ɞɭɝоɜоɣ ɩеɱɢ 
ɫоɞеɪɠаɧɢе аɡоɬа ɦоɠеɬ ɛɵɬɶ ɞоɜеɞеɧо ɞо 0,58 � 
>2@. ɇеɫɦоɬɪɹ ɧа ɫɜеɪɯɪаɜɧоɜеɫɧое ɫоɞеɪɠаɧɢе 
аɡоɬа ɦаɤɪоɫɬɪɭɤɬɭɪа ɫɥɢɬɤоɜ ɢ ɩɪоɤаɬа ɩɥоɬɧаɹ 
ɢ оɞɧоɪоɞɧаɹ. ɉɪоɱɧоɫɬɶ ɷɬоɣ ɫɬаɥɢ ɫ ɩоɜɵɲеɧ-
ɧоɣ ɤоɧɰеɧɬɪаɰɢеɣ аɡоɬа ɩɪɢ 1000 оɋ ɜɵɲе, ɱеɦ ɫ 
оɛɵɱɧɵɦ ɫоɞеɪɠаɧɢеɦ аɡоɬа.

ȼеɫɶɦа ɩеɪɫɩеɤɬɢɜɧɵɦ ɩɪеɞɫɬаɜɥɹеɬɫɹ ɥеɝɢ-
ɪоɜаɧɢе аɡоɬоɦ ɛɵɫɬɪоɪеɠɭɳеɣ ɢɧɫɬɪɭɦеɧɬаɥɶ-
ɧоɣ ɫɬаɥɢ, ɧаɩɪɢɦеɪ Ɋ6М5, ɩɪоɢɡɜоɞɫɬɜо ɤоɬоɪоɣ 
ɫоɫɬаɜɥɹеɬ оɤоɥо 70 � оɬ оɛɳеɝо ɜɵɩɭɫɤа ɬаɤɢɯ 
ɫɬаɥеɣ >5@. Аɡоɬ ɜ ɛɵɫɬɪоɪеɠɭɳɢɯ ɫɬаɥɹɯ ɩоɜɵ-
ɲаеɬ ɤɪаɫɧоɥоɦɤоɫɬɶ, ɫɬоɣɤоɫɬɶ ɤ ɢɫɬɢɪаɧɢɸ, 
а ɫɥеɞоɜаɬеɥɶɧо ɢ ɪеɫɭɪɫ ɪаɛоɬɵ. ȼ ɷɬоɣ ɫɜɹɡɢ 
ɩɪеɞɫɬаɜɥɹеɬ ɢɧɬеɪеɫ ɩɪɢɦеɧеɧɢе ɉȾɉ ɫ ɥеɝɢɪо-
ɜаɧɢеɦ аɡоɬоɦ ɞɥɹ ɩɪоɢɡɜоɞɫɬɜа ɛɵɫɬɪоɪеɠɭɳɢɯ 
ɫɬаɥеɣ. Ɍаɤɢе ɪаɛоɬɵ ɩɪоɜоɞɢɥɢ ɷɥеɤɬɪоɦеɬаɥ-
ɥɭɪɝɢɱеɫɤɢɣ ɡаɜоɞ «ɗɥеɤɬɪоɫɬаɥɶ» ɫоɜɦеɫɬɧо ɫ 
ɋеɫɬɪоɪеɰɤɢɦ ɢɧɫɬɪɭɦеɧɬаɥɶɧɵɦ ɡаɜоɞоɦ. Ȼɵɥɢ 
ɜɵɩɥаɜɥеɧɵ оɩɵɬɧɵе ɩаɪɬɢɢ ɢɧɫɬɪɭɦеɧɬаɥɶɧɵɯ 
ɫɬаɥеɣ, ɢɡ ɤоɬоɪɵɯ ɡаɬеɦ ɢɡɝоɬоɜɥеɧɵ ɩаɥɶɱɢɤо-
ɜɵе ɮɪеɡɵ ɞɢаɦеɬɪоɦ 20 ɢ ɫɜеɪɥа ² 21 ɦɦ. ɏɢ-
ɦɢɱеɫɤɢɣ ɫоɫɬаɜ ɷɬɢɯ ɫɬаɥеɣ ɩɪɢɜеɞеɧ ɜ ɬаɛɥ. 5.

Ɋаɛоɬоɫɩоɫоɛɧоɫɬɶ ɮɪеɡ ɢɫɩɵɬɵɜаɥɢ ɜ ɫооɬ-
ɜеɬɫɬɜɢɢ ɫ ɦеɬоɞɢɤоɣ, ɪаɡɪаɛоɬаɧɧоɣ ȼɇɂɂɂɧ-
ɫɬɪɭɦеɧɬ ɩɪɢ ɮɪеɡеɪоɜаɧɢɢ ɭɫɬɭɩоɜ ɢɡ ɫɬаɥɢ 45 
ɬɜеɪɞоɫɬɶɸ 187 ɇȼ.

Ɋеɡɭɥɶɬаɬɵ ɷɬɢɯ ɢɫɩɵɬаɧɢɣ ɫɥеɞɭɸɳɢе: ɫɪеɞ-
ɧɹɹ ɫɬоɣɤоɫɬɶ ɮɪеɡ ɞɢаɦеɬɪоɦ 20 ɦɦ ɢɡ ɫɬаɥɢ 
Ɋ6АМ5 ɫоɫɬаɜɢɥа 68,7«73,04 ɦɢɧ ɩɪɢ ɤоɷɮɮɢɰɢ-

еɧɬе ɜаɪɢаɰɢɢ 0,12«0,2. ɇоɪɦаɬɢɜɧаɹ ɫɬоɣɤоɫɬɶ 
ɢɧɫɬɪɭɦеɧɬа ɢɡ ɛɵɫɬɪоɪеɠɭɳеɣ ɫɬаɥɢ Ɋ6М5 
ɞɥɹ ɬаɤɢɯ ɭɫɥоɜɢɣ оɛɪаɛоɬɤɢ ɫоɫɬаɜɥɹеɬ 60 ɦɢɧ. 
ɋɪеɞɧɹɹ ɫɬоɣɤоɫɬɶ ɮɪеɡ, ɥеɝɢɪоɜаɧɧɵɯ аɡоɬоɦ, 
ɩɪеɜɵɫɢɥа ɧоɪɦаɬɢɜɧɭɸ ɜ 1,15«1,22 ɪаɡа.

ɋɬоɣɤоɫɬɶ ɫɜеɪɥ ɡаɜɢɫɢɬ оɬ ɦɧоɝɢɯ ɮаɤɬоɪоɜ, ɜ 
ɬоɦ ɱɢɫɥе ɢ оɬ ɬɜеɪɞоɫɬɢ. ɂɫɯоɞɹ ɢɡ ɦɧоɝоɥеɬɧеɝо 
оɩɵɬа ɋеɫɬɪоɪеɰɤоɝо ɢɧɫɬɪɭɦеɧɬаɥɶɧоɝо ɡаɜоɞа 
ɭɫɬаɧоɜɥеɧо, ɱɬо оɩɬɢɦаɥɶɧое ɫоɱеɬаɧɢе ɫɜоɣɫɬɜ 
ɢɫɫɥеɞɭеɦɵɯ ɫɬаɥеɣ ɞоɫɬɢɝаеɬɫɹ ɩɪɢ ɬɜеɪɞоɫɬɢ 
64«.66 ɇ5ɋ. ɋɜеɪɥɢɥɢ ɝɥɭɯɢе оɬɜеɪɫɬɢɹ ɝɥɭɛɢ-
ɧоɣ 63 ɦɦ ɜ оɛɪаɡɰаɯ ɫɬаɥɢ 45. ɋɬоɣɤоɫɬɶ ɫɜеɪɥ 
оɰеɧɢɜаɥɢ ɩо ɤоɥɢɱеɫɬɜɭ ɜɵɩоɥɧеɧɧɵɯ оɬɜеɪɫɬɢɣ 

 
Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  � .  ɋɨɞɟɪɠɚɧɢɟ ɚɡɨɬɚ ɜ ɫɥɢɬɤɚɯ ɞɢɚɦɟɬɪɨɦ ��� ɦɦ� ɜɵɩɥɚɜɥɟɧɧɵɯ ɜ ɩɟɱɢ ɍ���� ɜ ɚɡɨɬɫɨɞɟɪɠɚɳɟɣ ɚɬ�
ɦɨɫɮɟɪɟ

Мɚɪɤɚ ɫɬɚɥɢ Ⱦɚɜɥɟɧɢɟ ɜ ɩɟɱɢ� ɤɉɚ
ɋɨɞɟɪɠɚɧɢɟ ɚɡɨɬɚ� ɦɚɫ. �

ɜ ɚɬɦɨɫɮɟɪɟ ɩɟɱɢ ɜ ɫɥɢɬɤɚɯ
55ɏ20Ƚ�Аɇ4

08ɏ21 Ƚ11Аɇ6
ɏ18ɇ7Ƚ10АМ3

150
120
100
160

74
64
68
80

0,47
0,43
0,56
0,58

Ɋɢɫ. 4. ɋоɞеɪɠаɧɢе аɡоɬа ɩо ɫеɱеɧɢɸ оɛɪаɡɰоɜ ɫɬаɥɢ ɗɂ835 
ɩоɫɥе оɬɠɢɝа ɜ ɪаɡɥɢɱɧɵɯ ɝаɡоɜɵɯ ɫɪеɞаɯ (Ɍ   1100 оɋ): а ² 
ɜоɡɞɭɯ, 8 ɱ; б ² ɜоɡɞɭɯ, 100 ɱ; в ² аɪɝоɧ, 1 ɱ; г ² аɪɝоɧ, 8 ɱ; 
д ² ɜоɞоɪоɞ, 1 ɱ; е ² ɜоɞоɪоɞ, 8 ɱ; ɠ ² ɜаɤɭɭɦ, 3Â10±5 ɦɦ 
ɪɬ. ɫɬ., 4 ɱ



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

ɊЛАɂМЕННО-ȿУГОВАЯ ТЕɐНОЛОГИЯ

                                                        

                                                                                                                                                                                                    

ɢ ɜеɥɢɱɢɧе ɢɡɧоɫа ɪеɠɭɳɢɯ ɤɪоɦоɤ. Ʉɪɢɬеɪɢеɦ 
ɫɧɹɬɢɹ ɫɜеɪɥ ɫ ɢɫɩɵɬаɧɢɣ ɫɥɭɠɢɥɢ ɫɤɪɢɩ ɢɥɢ еɝо 
ɩоɥоɦɤа. Аɧаɥɢɡ ɪеɡɭɥɶɬаɬоɜ ɢɫɩɵɬаɧɢɣ ɩоɤаɡаɥ, 
ɱɬо ɫɬоɣɤоɫɬɶ ɫɜеɪɥ ɢɡ ɫɬаɥɢ Ɋ2М5 ɉȾɉ ɧаɯоɞɢɬ-
ɫɹ ɧа ɭɪоɜɧе ɫɬоɣɤоɫɬɢ ɫɜеɪɥ ɢɡ ɫɬаɥɢ Ɋ6АМ5 оɬ-
ɤɪɵɬоɣ ɜɵɩɥаɜɤɢ (Ɉȼ) ɢ ɜɵɲе ɫɬоɣɤоɫɬɢ ɫɜеɪɥ ɢɡ 
ɫɬаɥɢ Ɋ2М5 Ɉȼ. ɋоɱеɬаɧɢе ɛɥаɝоɩɪɢɹɬɧоɣ ɥɢɬоɣ 
ɫɬɪɭɤɬɭɪɵ ɢ ɩоɫɥеɞɭɸɳɢɯ оɛɪаɛоɬоɤ ɫɬаɥɢ (ɤоɜɤа 
ɢ ɬеɪɦɢɱеɫɤаɹ оɛɪаɛоɬɤа) оɛеɫɩеɱɢɜаɸɬ ɜɵɫоɤɢɣ 
ɭɪоɜеɧɶ ɦеɯаɧɢɱеɫɤɢɯ ɯаɪаɤɬеɪɢɫɬɢɤ ɢ ɫɥɭɠеɛ-
ɧɵɯ ɫɜоɣɫɬɜ ɫɬаɥɢ Ɋ2М5 ɧе ɭɫɬɭɩаɸɳɢɯ ɩо ɜеɥɢ-
ɱɢɧе ɯаɪаɤɬеɪɢɫɬɢɤаɦ ɫɬаɥɢ Ɋ6М5 Ɉȼ.

Ɍаɤɢɦ оɛɪаɡоɦ, ɞаɠе ɧе ɢɡɦеɧɹɹ ɫоɫɬаɜ ɫɬаɥɢ, 
ɩɪоɢɡɜоɞɹ ɢɡɜеɫɬɧɵе ɦаɪɤɢ, ɫоɞеɪɠаɧɢе аɡоɬа ɜ 
ɤоɬоɪɵɯ ɩоɞɞеɪɠɢɜаеɬɫɹ ɧа ɜеɪɯɧеɦ ɩɪеɞеɥе ɬеɯ-
ɧɢɱеɫɤɢɯ ɭɫɥоɜɢɣ, ɱɬо оɱеɧɶ ɪеɞɤо ɭɞаеɬɫɹ ɫɞе-
ɥаɬɶ ɩɪɢ ɜɵɩɥаɜɤе ɜ ɬɪаɞɢɰɢоɧɧɵɯ ɩеɱаɯ ɢɡ-ɡа 
оɩаɫɧоɫɬɢ ɩоɥɭɱеɧɢɹ ɩоɪɢɫɬɵɯ ɫɥɢɬɤоɜ, ɦоɠɧо 

ɩɪоɢɡɜоɞɢɬɶ ɫɬаɥɶ ɫ ɤоɦɩɥеɤɫоɦ ɩоɥоɠɢɬеɥɶɧɵɯ 
ɫɜоɣɫɬɜ: ɛоɥее ɩɪоɱɧɭɸ ɫ ɯоɪоɲеɣ ɤоɪɪоɡɢоɧɧоɣ 
ɫɬоɣɤоɫɬɶɸ ɢ ɛоɥее ɞеɲеɜɭɸ.
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Peculiar features of alloying the metallic materials with nitrogen are considired, including that from a gas phase in 
plasma-arc remelting. Unlike the other alloying elements the nitrogen under the standard conditions is in a gaseous 
state. Therefore, its use as an alloying element has its peculiaries. It is shown that the rate of nitrogen absorption in 
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1,75

5,08
5,08
5,05
5,00

0,03
0,11
0,17
0,04

 
Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  � .  ɇɟɦɟɬɚɥɥɢɱɟɫɤɢɟ ɜɤɥɸɱɟɧɢɹ ɜ ɫɬɚɥɢ ɗɂ���� ɉȾɉ

ɋɩɨɫɨɛ 
ɩɟɪɟɩɥɚɜɚ

Мɟɬɚɥɥɢɱɟɫɤɢɟ ɜɤɥɸɱɟɧɢɹ ɩɨ ɲɤɚɥɟ ȽɈɋɌ ����±��� ɛɚɥɥ

ɏɪɨɦɚɬɵ ɋɭɥɶɮɢɞɵ ɇɢɬɪɢɞɵ 
ɬɢɬɚɧɚ

ɋɢɥɢɤɚɬɵ
Ƚɥɨɛɭɥɢ

ɯɪɭɩɤɢɟ ɩɥɚɫɬɢɱɧɵɟ
ɉȾɉ
í»í
í»í

ɗɒɉ

2,0
2,0
0,5
1,7

0,5
í
í

0,6

0,5
0,5
2,0
1,0

0,5
0,5
0,5
0,5

0,5
0,5
0,5
0,5

0,5
í
í

0,5

 
Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  � .  ɋɨɞɟɪɠɚɧɢɟ ɚɡɨɬɚ ɜ ɫɬɚɥɢ ɏ��ɇ�Ƚ�Ʌ� ɜɵɩɥɚɜɥɟɧɧɨɣ ɜ ɩɥɚɡɦɟɧɧɨ�ɞɭɝɨɜɨɣ ɝɚɪɧɢɫɫɚɠɧɨɣ ɩɟɱɢ

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ
Ɋɟɠɢɦ ɩɥɚɜɤɢ

ɋɨɞɟɪɠɚɧɢɟ ɚɡɨɬɚ 
ɜ ɦɟɬɚɥɥɟ� ɦɚɫ. �ɋɭɦɦɚɪɧɵɣ ɬɨɤ 

ɩɥɚɡɦɨɬɪɨɧɨɜ� А
Ⱦɚɜɥɟɧɢɟ ɜ ɩɥɚɜɢɥɶɧɨɣ 

ɤɚɦɟɪɟ� ɤɉɚ
ɂɫɯоɞɧɵɣ ɦеɬаɥɥ

ɉоɫɥе ɉȾɉ

ɂɫɯоɞɧɵɣ ɦеɬаɥɥ
ɉоɫɥе ɉȾɉ

ɂɫɯоɞɧɵɣ ɦеɬаɥɥ
ɉоɫɥе ɉȾɉ

í
1800
1800
1800

í
1600
1600
1600

í
1400
1400
1400

í
150
200
300
í
50
200
300
í

150
300

0,03
0,46
0,53
0,56
0,02
0,42
0,46
0,53
0,04
0,41
0,44
0,48
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PAR is rather high and this allows producing ingots, in which the nitrogen content exceeds the standard solubility of 
gas in molten steel at the liTuidus temperature. The effect of nitrogen as an alloying element is comparable with the 
effect of carbon. It is shown on some examples, that when the method of plasma-arc remelting is used it seems possible 
to alloy steel with nitrogen in industrial scales up to concentrations, much exceeding its standar solubility in metal. 
Ingots, melted in plasma-arc furnaces, are characterized by the high Tuality of surface and have a dense macrostructure 
in spite of the nitrogen content. Nitrogen, dissolved in metal, is distributed in the ingot volume rather uniformly. Ref. 5, 
Tables 5, Figures 4.

K e y  w o r d s :  arc plasma� allo\ing� gas solubilit\� threshold concentration� nitrogen-containing Ierroallo\s� 
plasma-arc remelting� macrostrucure� austenitic structure� stainless steels� tool steels
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