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ɉɪоɜеɞеɧɵ ɤоɦɩɥеɤɫɧɵе ɢɫɫɥеɞоɜаɬеɥɶɫɤɢе ɪаɛоɬɵ ɩо ɜɵɩɥаɜɤе ɩаɪɬɢɢ ɫɥɢɬɤоɜ ɫɥоɠɧоɥеɝɢɪоɜаɧɧɵɯ ɫɩɥаɜоɜ 
ɬɢɬаɧа ȼɌ20, ȼɌ22, Ɍ110 ɞɢаɦеɬɪоɦ 150, 400 ɦɦ ɢ ɫɥɢɬɤоɜ ɩɪɹɦоɭɝоɥɶɧоɝо ɫеɱеɧɢɹ 530î165 ɦɦ ɫɩɥаɜа ȼɌ23 
ɞɥɢɧоɣ ɞо 2000 ɦɦ ɫооɬɜеɬɫɬɜеɧɧо. ɉоɜеɪɯɧоɫɬɶ ɩоɥɭɱеɧɧɵɯ ɫɥɢɬɤоɜ ɩоɞɜеɪɝаɥɢ ɷɥеɤɬɪоɧɧо-ɥɭɱеɜоɣ оɛɪа-
ɛоɬɤе ɜ ɭɫɬаɧоɜɤе ɍɗ-185. ɉоɤаɡаɧо, ɱɬо ɯɢɦɢɱеɫɤɢɣ ɫоɫɬаɜ ɦеɬаɥɥа оɩɥаɜɥеɧɧоɝо ɫɥоɹ ɫɥоɠɧоɥеɝɢɪоɜаɧɧɵɯ 
ɬɢɬаɧоɜɵɯ ɫɩɥаɜоɜ ɫооɬɜеɬɫɬɜɭеɬ ɦаɪоɱɧоɦɭ ɫоɫɬаɜɭ, ɫɥɢɬɤɢ ɢɦеɸɬ ɜɵɫоɤое ɤаɱеɫɬɜо ɩоɜеɪɯɧоɫɬɢ ɩɪɢ ɝɥɭɛɢ-
ɧе ɩɪоɩɥаɜɥеɧɢɹ ɞо 12 ɦɦ, ɞоɫɬаɬоɱɧоɣ ɞɥɹ ɷɮɮеɤɬɢɜɧоɝо ɭɞаɥеɧɢɹ ɩоɜеɪɯɧоɫɬɧɵɯ ɞеɮеɤɬоɜ. ɉɪеɞɫɬаɜɥеɧɵ 
ɬеɯɧɢɤо-ɷɤоɧоɦɢɱеɫɤɢе ɩоɤаɡаɬеɥɢ оɛɪаɛоɬɤɢ ɩоɜеɪɯɧоɫɬɢ ɫɥɢɬɤоɜ ɫɥоɠɧоɥеɝɢɪоɜаɧɧɵɯ ɬɢɬаɧоɜɵɯ ɫɩɥаɜоɜ. 
ɉоɤаɡаɧо, ɱɬо ɬеɯɧɢɤо-ɷɤоɧоɦɢɱеɫɤаɹ ɷɮɮеɤɬɢɜɧоɫɬɶ ɷɥеɤɬɪоɧɧо-ɥɭɱеɜоɝо оɩɥаɜɥеɧɢɹ ɩоɞɬɜеɪɠɞаеɬɫɹ ɩɪɢ 
ɫɪаɜɧеɧɢɢ ɫɬаɬɶɢ ɭɞеɥɶɧоɝо ɪаɫɯоɞа ɷɥеɤɬɪоɷɧеɪɝɢɢ ɧа оɩɥаɜɥеɧɢе ɫо ɫɬаɬɶɹɦɢ ɫоɜɦеɫɬɧоɝо ɭɱеɬа ɭɞеɥɶɧоɝо 
ɪаɫɯоɞа ɷɥеɤɬɪоɷɧеɪɝɢɢ ɢ ɩоɬеɪɶ ɦеɬаɥɥа ɩɪɢ ɦеɯаɧɢɱеɫɤоɣ оɛɪаɛоɬɤе. Ȼɢɛɥɢоɝɪ. 12, ɬаɛɥ. 2, ɢɥ. 6.
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ȼ ɩоɫɥеɞɧɢе ɞеɫɹɬɢɥеɬɢɹ ɩоɜɵɲеɧɧое ɜɧɢɦаɧɢе 
ɭɞеɥɹеɬɫɹ ɫоɡɞаɧɢɸ ɫɩɥаɜоɜ ɧа оɫɧоɜе ɬɭɝоɩɥаɜ-
ɤɢɯ ɢ ɜɵɫоɤоɪеаɤɰɢоɧɧɵɯ ɦеɬаɥɥоɜ. Ɉɫоɛɵɣ ɢɧ-
ɬеɪеɫ ɩɪеɞɫɬаɜɥɹɸɬ ɫɥоɠɧоɥеɝɢɪоɜаɧɧɵе ɫɩɥа-
ɜɵ ɧа оɫɧоɜе ɬɢɬаɧа, ɤоɬоɪɵе оɛɥаɞаɸɬ ɜɵɫоɤоɣ 
ɭɞеɥɶɧоɣ ɩɪоɱɧоɫɬɶɸ ɢ ɯоɪоɲеɣ ɤоɪɪоɡɢоɧɧоɣ 
ɫɬоɣɤоɫɬɶɸ ɜ ɪаɡɥɢɱɧɵɯ ɫɪеɞаɯ. ȼ ɧаɫɬоɹɳее 
ɜɪеɦɹ аɤɰеɧɬ ɫɦеɳаеɬɫɹ ɫ ɢɡɭɱеɧɢɹ ɜоɡɦоɠɧоɝо 
ɲɢɪоɤоɝо ɢɯ ɜɧеɞɪеɧɢɹ ɜ ɬаɤɢɯ оɬɪаɫɥɹɯ ɬеɯɧɢ-
ɤɢ, ɤаɤ аɬоɦɧаɹ ɷɧеɪɝеɬɢɤа, ɝаɡоɬɭɪɛоɫɬɪоеɧɢе, 
аɜɢаɰɢоɧɧое ɢ ɤоɫɦɢɱеɫɤое аɩаɪаɬоɫɬɪоеɧɢе, ɯɢ-
ɦɢɱеɫɤое ɦаɲɢɧоɫɬɪоеɧɢе, а ɬаɤɠе ɩоɜɵɲеɧɢɹ 
ɢɯ ɫɥɭɠеɛɧɵɯ ɯаɪаɤɬеɪɢɫɬɢɤ ɧа ɷɤоɧоɦɢɱеɫɤɢе ɢ 
ɬеɯɧоɥоɝɢɱеɫɤɢе аɫɩеɤɬɵ ɢɯ ɩɪоɦɵɲɥеɧɧоɝо ɩɪо-
ɢɡɜоɞɫɬɜа >1±3@.

ɋɧɢɠеɧɢе ɫеɛеɫɬоɢɦоɫɬɢ ɫɥɢɬɤоɜ ɫɥоɠɧоɥеɝɢ-
ɪоɜаɧɧɵɯ ɬɢɬаɧоɜɵɯ ɫɩɥаɜоɜ, ɤаɤ ɢɫɯоɞɧоɝо ɡɜеɧа 
ɞɥɹ ɩɪоɢɡɜоɞɫɬɜа ɩоɥɭɮаɛɪɢɤаɬоɜ, оɞɧоɜɪеɦеɧɧо 
ɫ ɩоɜɵɲеɧɢеɦ ɢɯ ɤаɱеɫɬɜа ɹɜɥɹеɬɫɹ аɤɬɭаɥɶɧоɣ 
ɡаɞаɱеɣ, ɬаɤ ɤаɤ оɩɪеɞеɥɹɸɳɢɦ ɮаɤɬоɪоɦ ɜ ɩɪɢ-
ɧɹɬɢɢ ɪеɲеɧɢɹ оɛ ɢɯ ɩɪɢɦеɧеɧɢɢ ɜɦеɫɬо ɬɪаɞɢ-
ɰɢоɧɧɵɯ ɤоɧɫɬɪɭɤɰɢоɧɧɵɯ ɦаɬеɪɢаɥоɜ ɹɜɥɹеɬɫɹ 
ɫооɬɧоɲеɧɢе ɰеɧа/ɤаɱеɫɬɜо >3, 4@.

ȼ ɩоɫɥеɞɧɢе ɝоɞɵ ɜ ɍɤɪаɢɧе ɧа ɛаɡе ɬеɯɧоɥо-
ɝɢɢ ɷɥеɤɬɪоɧɧо-ɥɭɱеɜоɣ ɩɥаɜɤɢ ɫоɡɞаɧо ɩɪоɦɵɲ-
ɥеɧɧое ɩɪоɢɡɜоɞɫɬɜо ɫɥɢɬɤоɜ ɬɢɬаɧа ɢ еɝо ɫɩɥа-
ɜоɜ, а ɧа ɦеɬаɥɥɭɪɝɢɱеɫɤɢɯ ɩɪеɞɩɪɢɹɬɢɹɯ оɫɜоеɧо 
ɩɪоɢɡɜоɞɫɬɜо ɬɢɬаɧоɜɵɯ ɩоɥɭɮаɛɪɢɤаɬоɜ ɪаɡɥɢɱ-
ɧоɝо ɫоɪɬаɦеɧɬа.

ɗɥеɤɬɪоɧɧо-ɥɭɱеɜаɹ ɩɥаɜɤа (ɗɅɉ) ɹɜɥɹеɬɫɹ 
ɧаɢɛоɥее ɷɮɮеɤɬɢɜɧɵɦ ɫɩоɫоɦ ɜаɤɭɭɦɧоɣ ɦе-

ɬаɥɥɭɪɝɢɢ ɞɥɹ ɩоɥɭɱеɧɢɹ ɫɩɥаɜоɜ, ɜ ɬоɦ ɱɢɫɥе 
ɬɭɝоɩɥаɜɤɢɯ ɢ ɜɵɫоɤоɪеаɤɰɢоɧɧɵɯ, ɫо ɫɜеɪɯɧɢɡ-
ɤɢɦ ɫоɞеɪɠаɧɢеɦ ɝаɡоɜ, ɥеɬɭɱɢɯ ɩɪɢɦеɫеɣ ɢ ɧе-
ɦеɬаɥɥɢɱеɫɤɢɯ ɜɤɥɸɱеɧɢɣ >5@. Ɉɞɧаɤо, ɩо ɪɹɞɭ 
ɩɪɢɱɢɧ, оɛɭɫɥоɜɥеɧɧɵɯ ɦеɬаɥɥɭɪɝɢɱеɫɤɢɦɢ ɢ 
ɬеɯɧоɥоɝɢɱеɫɤɢɦɢ оɫоɛеɧɧоɫɬɹɦɢ, ɜ ɩɪоɰеɫɫе 
ɷɥеɤɬɪоɧɧо-ɥɭɱеɜоɝо ɩеɪеɩɥаɜа ɧа ɩоɜеɪɯɧоɫɬɢ 
ɩоɥɭɱаеɦɵɯ ɫɥɢɬɤоɜ ɦоɝɭɬ ɜоɡɧɢɤаɬɶ ɞеɮеɤɬɵ ɜ 
ɜɢɞе ɝоɮɪ, ɬɪеɳɢɧ ɢ ɩɪоɞоɥɶɧоɣ ɩоɥоɫɵ ɡаɥɢɜɤɢ 
ɦеɬаɥɥа (ɪɢɫ. 1).

ɂɡɛеɠаɬɶ оɛɪаɡоɜаɧɢɹ ɬаɤоɝо ɪоɞа ɞеɮеɤɬоɜ 
ɩɪɢ ɗɅɉ ɩɪаɤɬɢɱеɫɤɢ ɧеɜоɡɦоɠɧо, а ɷɬо, ɜ ɫɜоɸ 
оɱеɪеɞɶ, ɡаɬɪɭɞɧɹеɬ ɞаɥɶɧеɣɲɭɸ ɝоɪɹɱɭɸ оɛɪа-
ɛоɬɤɭ ɫɥɢɬɤоɜ ɢ ɡаɝоɬоɜоɤ ɢ ɩɪɢɜоɞɢɬ ɤ ɪаɡɜɢɬɢɸ 
ɝоɪɹɱɢɯ ɬɪеɳɢɧ. Ⱦоɫɬɢɝаеɬɫɹ ɬɪеɛɭеɦое ɤаɱеɫɬɜо 
ɩоɜеɪɯɧоɫɬɢ ɫɥɢɬɤоɜ ɢ ɡаɝоɬоɜоɤ ɩɭɬеɦ ɭɞаɥеɧɢɹ 
ɩоɜеɪɯɧоɫɬɧоɝо ɫɥоɹ ɩɪɢ ɦеɯаɧɢɱеɫɤоɣ оɛɪа-
ɛоɬɤе. ɇеоɛɯоɞɢɦо оɬɦеɬɢɬɶ, ɱɬо ɦеɯаɧɢɱеɫɤɢе 
ɫɜоɣɫɬɜа ɫɩɥаɜоɜ ɧа оɫɧоɜе ɬɢɬаɧа ɬаɤɢе, ɱɬо 
ɩɪоɢɡɜоɞɢɬеɥɶɧоɫɬɶ ɥеɡɜɢɣɧоɣ оɛɞɢɪɤɢ ɧа ɫɭɳе-
ɫɬɜɭɸɳɢɯ ɫɬаɧɤаɯ ɜ 3«6 ɪаɡ ɧɢɠе, ɱеɦ ɩɪɢ оɛ-
ɞɢɪɤе ɥеɝɢɪоɜаɧɧɵɯ ɤоɧɫɬɪɭɤɰɢоɧɧɵɯ ɫɬаɥеɣ, а 
ɦаɥаɹ ɬеɩɥоɩɪоɜоɞɧоɫɬɶ ɩɪɢɜоɞɢɬ ɤ ɥоɤаɥɶɧоɦɭ 
ɩеɪеɝɪеɜɭ ɦеɬаɥɥа ɜ ɦеɫɬе ɤоɧɬаɤɬа ɫ ɪеɡɰоɦ ɢ, 
еɫɬеɫɬɜеɧɧо, ɤ оɤɢɫɥеɧɢɸ ɫɬɪɭɠɤɢ. ȼɵɫоɤɢе ɬɪе-
ɛоɜаɧɢɹ ɤ ɱɢɫɬоɬе ɢɫɯоɞɧɵɯ ɲɢɯɬоɜɵɯ ɦаɬеɪɢа-
ɥоɜ ɧаɤɥаɞɵɜаɸɬ ɪɹɞ оɝɪаɧɢɱеɧɢɣ ɧа ɩоɜɬоɪɧо 
ɢɫɩоɥɶɡɭеɦɭɸ ɫɬɪɭɠɤɭ ɞɥɹ ɩɪоɢɡɜоɞɫɬɜа ɫɥɢɬɤоɜ, 
ɱɬо ɩɪɢɜоɞɢɬ ɤ ɛеɡɜоɡɜɪаɬɧɵɦ ɩоɬеɪɹɦ ɦеɬаɥɥа 
ɞо 20«35 � >6±�@.

ɍɱɢɬɵɜаɹ ɜɵɲеɫɤаɡаɧɧое, ɛоɥɶɲоɣ ɢɧɬеɪеɫ 
ɩɪеɞɫɬаɜɥɹɸɬ ɪаɛоɬɵ, ɜ ɤоɬоɪɵɯ ɢɡɭɱаеɬɫɹ ɜоɡ-
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ɦоɠɧоɫɬɶ ɛеɡоɬɯоɞɧоɝо ɭɞаɥеɧɢɹ ɩоɜеɪɯɧоɫɬɧɵɯ 
ɞеɮеɤɬоɜ ɫɥɢɬɤоɜ. ɉоɥоɠɢɬеɥɶɧɵе ɪеɡɭɥɶɬаɬɵ 
ɬаɤɢɯ ɪаɛоɬ ɩоɡɜоɥɹɬ ɫоɤɪаɬɢɬɶ ɩоɬеɪɢ ɦеɬаɥɥа 
ɜ ɜɢɞе ɧеɤоɧɞɢɰɢоɧɧɵɯ оɬɯоɞоɜ (ɫɬɪɭɠɤɢ) ɢ ɰеɧ-
ɧɵɯ ɥеɝɢɪɭɸɳɢɯ ɷɥеɦеɧɬоɜ. ɉɪɢ ɷɬоɦ ɧаɢɛоɥее 
ɩеɪɫɩеɤɬɢɜɧɵɦ ɹɜɥɹеɬɫɹ ɩɭɬɶ ɩɪɢɦеɧеɧɢɹ ɧоɜɵɯ 
ɬеɯɧоɥоɝɢɱеɫɤɢɯ ɩɪоɰеɫɫоɜ, ɤоɬоɪɵе ɩоɡɜоɥɹɬ ɢɫ-
ɤɥɸɱɢɬɶ ɢɡ ɩɪоɢɡɜоɞɫɬɜеɧɧоɣ ɰеɩоɱɤɢ ɧеɤоɬоɪɵе 
ɬеɯɧоɥоɝɢɱеɫɤɢе ɩеɪеɞеɥɵ, ɢ ɡа ɫɱеɬ ɷɬоɝо ɭɥɭɱ-
ɲɢɬɶ ɤаɱеɫɬɜо ɩоɜеɪɯɧоɫɬɢ ɫɥɢɬɤоɜ, ɩоɜɵɫɢɬɶ 
ɜɵɯоɞ ɝоɞɧоɝо ɢ ɡɧаɱɢɬеɥɶɧо ɫɧɢɡɢɬɶ ɫеɛеɫɬоɢ-
ɦоɫɬɶ ɩɪоɞɭɤɰɢɢ.

ȼ ɂɗɋ ɢɦ. ȿ. Ɉ. ɉаɬоɧа ɇАɇ ɍɤɪаɢɧɵ ɧаɤо-
ɩɥеɧ ɛоɥɶɲоɣ оɩɵɬ ɩо ɢɫɩоɥɶɡоɜаɧɢɸ ɷɥеɤɬɪоɧ-

ɧоɝо ɥɭɱа ɞɥɹ оɛɪаɛоɬɤɢ ɩоɜеɪɯɧоɫɬɧоɝо ɫɥоɹ 
ɫɥɢɬɤоɜ ɤɪɭɝɥоɝо ɢ ɩɪɹɦоɭɝоɥɶɧоɝо ɫеɱеɧɢɣ, ɩɪо-
ɜеɞеɧ ɪɹɞ ɢɫɫɥеɞоɜаɧɢɣ ɫ ɩɪɢɦеɧеɧɢеɦ ɦаɬеɦаɬɢ-
ɱеɫɤоɝо ɦоɞеɥɢɪоɜаɧɢɹ ɩɪоɰеɫɫоɜ ɬеɩɥо- ɢ ɦаɫ-
ɫоɩеɪеɧоɫа ɜ оɛɪаɛаɬɵɜаеɦоɦ ɫɥɢɬɤе >10, 11@. ɇа 
ɛаɡе ɷɬɢɯ ɢɫɫɥеɞоɜаɧɢɣ ɪаɡɪаɛоɬаɧа ɬеɯɧоɥоɝɢɹ 
ɷɥеɤɬɪоɧɧо-ɥɭɱеɜоɝо оɩɥаɜɥеɧɢɹ (ɗɅɈ) ɢ ɫɩеɰɢ-
аɥɢɡɢɪоɜаɧɧаɹ ɷɥеɤɬɪоɧɧо-ɥɭɱеɜаɹ ɭɫɬаɧоɜɤа 
ɍɗ-185 ɞɥɹ еɝо ɪеаɥɢɡаɰɢɢ (ɪɢɫ. 2) >12@.

ɋ ɰеɥɶɸ ɩɪоɜеɪɤɢ ɷɮɮеɤɬɢɜɧоɫɬɢ ɩɪɢɦеɧеɧɢɹ 
ɗɅɈ ɩоɜеɪɯɧоɫɬɧоɝо ɫɥоɹ ɫɥɢɬɤоɜ ɫɥоɠɧоɥеɝɢɪо-
ɜаɧɧɵɯ ɬɢɬаɧоɜɵɯ ɫɩɥаɜоɜ ɧа ɩɪоɢɡɜоɞɫɬɜеɧɧɵɯ 
ɦоɳɧоɫɬɹɯ Ƚɉ «ɇɉɐ «Ɍɢɬаɧ» ɂɗɋ ɢɦ. ȿ. Ɉ. ɉа-
ɬоɧа ɇАɇ ɍɤɪаɢɧɵ» ɩɪоɜеɞеɧɵ ɤоɦɩɥеɤɫɧɵе ɢɫ-
ɫɥеɞоɜаɬеɥɶɫɤɢе ɪаɛоɬɵ ɩо ɜɵɩɥаɜɤе ɩаɪɬɢɢ ɫɥɢɬ-
ɤоɜ ɫɥоɠɧоɥеɝɢɪоɜаɧɧɵɯ ɫɩɥаɜоɜ ɬɢɬаɧа ȼɌ20, 
ȼɌ22, Ɍ110 ɞɢаɦеɬɪоɦ 150, 400 ɦɦ ɢ ɫɥɢɬɤоɜ 
ɩɪɹɦоɭɝоɥɶɧоɝо ɫеɱеɧɢɹ 530î165 ɦɦ ɫɩɥаɜа ȼɌ23 
ɞɥɢɧоɣ ɞо 2000 ɦɦ (ɪɢɫ. 3).

ɉоɜеɪɯɧоɫɬɶ ɩоɥɭɱеɧɧɵɯ ɫɥɢɬɤоɜ ɩоɞɜеɪɝа-
ɥɢ ɷɥеɤɬɪоɧɧо-ɥɭɱеɜоɣ оɛɪаɛоɬɤе ɜ ɭɫɬаɧоɜɤе 
ɍɗ-185 ɩо ɪеɠɢɦаɦ, ɩоɥɭɱеɧɧɵɦ ɩо ɪеɡɭɥɶ-
ɬаɬаɦ ɦаɬеɦаɬɢɱеɫɤоɝо ɦоɞеɥɢɪоɜаɧɢɹ ɩɪоɰеɫ-
ɫоɜ ɬеɩɥо- ɢ ɦаɫɫоɩеɪеɧоɫа ɜ ɫɥɢɬɤаɯ ɬɢɬаɧоɜɵɯ 
ɫɩɥаɜоɜ ɩɪɢ ɗɅɈ. Ɉɩɥаɜɥеɧɢе ɫɥɢɬɤоɜ ɰɢɥɢɧ-
ɞɪɢɱеɫɤоɝо ɫеɱеɧɢɹ оɫɭɳеɫɬɜɥɹɥɢ ɩо ɫɯеɦе, ɩɪɢ 
ɤоɬоɪоɣ ɷɥеɤɬɪоɧɧɵɣ ɥɭɱ ɧеɩоɞɜɢɠеɧ, а ɫɥɢɬоɤ 
ɜɪаɳаеɬɫɹ ɜоɤɪɭɝ ɫɜоеɣ оɫɢ. ɉɪɢ ɷɬоɦ ɥɢɧеɣɧаɹ 

Ɋɢɫ. 2. ȼɧеɲɧɢɣ ɜɢɞ ɷɥеɤɬɪоɧɧо-ɥɭɱеɜоɣ ɭɫɬаɧоɜɤɢ ɍɗ-185

Ɋɢɫ. 1. ȼɧеɲɧɢɣ ɜɢɞ ɩоɜеɪɯɧоɫɬɢ ɫɥɢɬɤоɜ ɗɅɉ: а ² ɰɢɥɢɧ-
ɞɪɢɱеɫɤоɝо; б ² ɩɪɹɦоɭɝоɥɶɧоɝо ɫеɱеɧɢɹ

Ɋɢɫ. 3. ɋɥɢɬɤɢ ɫɥоɠɧоɥеɝɢɪоɜаɧɧɵɯ ɫɩɥаɜоɜ ɬɢɬаɧа ɩо-
ɫɥе ɗɅɉ: а, б ² ɰɢɥɢɧɞɪɢɱеɫɤɢе; в ² ɩɪɹɦоɭɝоɥɶɧɵе
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ɫɤоɪоɫɬɶ оɩɥаɜɥеɧɢɹ ɫоɫɬаɜɥɹɥа 3� ɦɦ/ɦɢɧ ɞɥɹ 
ɫɥɢɬɤа ɞɢаɦеɬɪоɦ 150 ɦɦ ɢ 54 ɦɦ/ɦɢɧ ɞɥɹ ɫɥɢɬɤа 
ɞɢаɦеɬɪоɦ 400 ɦɦ, а ɭɞеɥɶɧаɹ ɦоɳɧоɫɬɶ ɧаɝɪеɜа 
4,1 ɢ 6,5 ȼɬ/ɦɦ2 ɫооɬɜеɬɫɬɜеɧɧо. Ɉɩɥаɜɥеɧɢе ɫɥɢɬ-
ɤоɜ ɩɪɹɦоɭɝоɥɶɧоɝо ɫеɱеɧɢɹ 530î165 ɦɦ ɩɪоɜоɞɢ-
ɥɢ ɫɥеɞɭɸɳɢɦ оɛɪаɡоɦ: ɫɥɢɬоɤ ɧеɩоɞɜɢɠɧо ɪаɫ-
ɩоɥаɝаɥɢ ɜ ɬеɯɧоɥоɝɢɱеɫɤоɣ оɫɧаɫɬɤе ɭɫɬаɧоɜɤɢ, а 
ɷɥеɤɬɪоɧɧɵɣ ɥɭɱ ɩеɪеɦеɳаɥɢ ɩо еɝо ɩоɜеɪɯɧоɫɬɢ. 
Ʌɢɧеɣɧаɹ ɫɤоɪоɫɬɶ оɩɥаɜɥеɧɢɹ ɩɪɢ ɷɬоɦ ɫоɫɬаɜ-
ɥɹɥа 1� ɦɦ/ɦɢɧ ɩɪɢ ɭɞеɥɶɧоɣ ɦоɳɧоɫɬɢ ɧаɝɪеɜа 
6,4 ȼɬ/ɦɦ2.

Ⱦɥɹ ɢɫɫɥеɞоɜаɧɢɹ ɜɥɢɹɧɢɹ ɬеɯɧоɥоɝɢɱеɫɤɢɯ 
ɩаɪаɦеɬɪоɜ ɗɅɈ ɧа ɯɢɦɢɱеɫɤɢɣ ɫоɫɬаɜ ɢ ɝɥɭɛɢ-
ɧɭ ɩɪоɩɥаɜɥеɧɢɹ оɛɪаɛаɬɵɜаеɦоɝо ɫɥоɹ ɛɵɥɢ оɬо-
ɛɪаɧɵ ɩɪоɛɵ ɜ ɜɢɞе ɫɬɪɭɠɤɢ ɢ оɬɪеɡɧɵɯ оɛɪаɡɰоɜ 
ɞо ɢ ɩоɫɥе оɩɥаɜɥеɧɢɹ.

Ɋеɡɭɥɶɬаɬɵ ɢɫɫɥеɞоɜаɧɢɣ (ɬаɛɥ. 1) ɦаɫɫоɜоɣ 
ɤоɧɰеɧɬɪаɰɢɢ ɥеɝɢɪɭɸɳɢɯ ɷɥеɦеɧɬоɜ ɜ ɦеɬаɥɥе 
оɩɥаɜɥеɧɧоɝо ɫɥоɹ ɫɥɢɬɤоɜ ɩоɤаɡаɥɢ, ɱɬо ɢɯ ɫо-
ɞеɪɠаɧɢе ɫооɬɜеɬɫɬɜɭеɬ ɦаɪоɱɧоɦɭ ɫоɫɬаɜɭ, ɧа-
ɛɥɸɞаеɬɫɹ ɩоɧɢɠеɧɢе ɫоɞеɪɠаɧɢɹ аɥɸɦɢɧɢɹ ɢ 

ɯɪоɦа, ɥеɝɢɪɭɸɳɢɯ ɷɥеɦеɧɬоɜ ɫ ɭɩɪɭɝоɫɬɶɸ ɩаɪа 
ɜɵɲе, ɱеɦ ɭ оɫɧоɜɵ ɫɩɥаɜа, ɢ, ɫооɬɜеɬɫɬɜеɧɧо, ɩо-
ɜɵɲеɧɢе ɫоɞеɪɠаɧɢɹ ɜаɧаɞɢɹ, ɦоɥɢɛɞеɧа, ɰɢɪɤо-
ɧɢɹ, ɧɢоɛɢɹ, ɥеɝɢɪɭɸɳɢɯ ɷɥеɦеɧɬоɜ ɫ ɭɩɪɭɝоɫɬɶɸ 
ɩаɪа ɧɢɠе, ɱеɦ ɭ оɫɧоɜɵ ɫɩɥаɜа.

ɗɤɫɩеɪɢɦеɧɬаɥɶɧɭɸ оɰеɧɤɭ ɝɥɭɛɢɧɵ ɩɪоɩɥаɜ-
ɥеɧɢɹ ɩоɜеɪɯɧоɫɬɧоɝо ɫɥоɹ ɫɥɢɬɤоɜ ɩо ɭɤаɡаɧɧɵɦ 
ɜɵɲе ɪеɠɢɦаɦ ɩɪоɜоɞɢɥɢ ɧа ɩоɩеɪеɱɧɵɯ ɬеɦɩɥе-
ɬаɯ ɢ оɧа ɫоɫɬаɜɢɥа �...10 ɦɦ ɞɥɹ ɫɥɢɬɤоɜ ɞɢаɦе-
ɬɪоɦ 400 ɢ ɩɪɹɦоɭɝоɥɶɧоɝо ɫеɱеɧɢɹ 530î165 ɦɦ ɢ 
10...12 ɦɦ ɞɥɹ ɫɥɢɬɤоɜ ɞɢаɦеɬɪоɦ 150 ɦɦ (ɪɢɫ. 4). 
Ȼоɤоɜаɹ ɩоɜеɪɯɧоɫɬɶ ɫɥɢɬɤоɜ ɢɦеɥа ɪоɜɧɵɣ ɦɢ-
ɤɪоɪеɥɶеɮ, ɡеɪɤаɥɶɧɵɣ ɜɢɞ ɫ ɯаɪаɤɬеɪɧɵɦ ɜа-
ɤɭɭɦɧɵɦ ɬɪаɜɥеɧɢеɦ, ɛеɡ ɬɪеɳɢɧ, ɪаɡɪɵɜоɜ ɢ 
ɧеɫɥɢɬɢɧ (ɪɢɫ. 5).

ɉо ɪеɡɭɥɶɬаɬаɦ ɷɤɫɩеɪɢɦеɧɬаɥɶɧɵɯ ɩɥаɜоɤ 
оɩɪеɞеɥеɧɵ ɬеɯɧɢɤо-ɷɤоɧоɦɢɱеɫɤɢе ɩоɤаɡаɬеɥɢ 
ɷɥеɤɬɪоɧɧо-ɥɭɱеɜоɣ оɛɪаɛоɬɤɢ ɫɥɢɬɤоɜ ɬɢɬаɧо-
ɜɵɯ ɫɩɥаɜоɜ ɰɢɥɢɧɞɪɢɱеɫɤоɝо ɫеɱеɧɢɹ 150, 400 ɢ 
ɩɪɹɦоɭɝоɥɶɧоɝо 530î165 ɦɦ.

ɉɪɢ ɜɵɩɥаɜɤе ɩо ɫɬаɧɞаɪɬɧоɣ ɬеɯɧоɥоɝɢɢ, оɛ-
ɪаɡɭɸɳɢеɫɹ ɧа ɩоɜеɪɯɧоɫɬɢ ɫɥɢɬɤоɜ ɬɢɬаɧоɜɵɯ 
ɫɩɥаɜоɜ ɞеɮеɤɬɵ, ɭɫɬɪаɧɹɸɬɫɹ ɩɭɬеɦ ɭɞаɥеɧɢɹ 
ɩоɜеɪɯɧоɫɬɧоɝо ɫɥоɹ ɦеɯаɧɢɱеɫɤɢɦɢ ɦеɬоɞаɦɢ. 
Ɍоɥɳɢɧа ɭɞаɥɹеɦоɝо ɫ ɩоɜеɪɯɧоɫɬɢ ɫɥɢɬɤоɜ ɞе-
ɮеɤɬɧоɝо ɫɥоɹ ɫоɫɬаɜɥɹеɬ ɞо 10 ɦɦ (ɪɢɫ. 6).

ɉоɤаɡаɬеɥɢ ɩоɬеɪɶ ɦеɬаɥɥа ɜ ɫɬɪɭɠɤɭ ɩɪɢ ɦе-
ɯаɧɢɱеɫɤоɣ оɛɪаɛоɬɤе ɫɥɢɬɤоɜ ɬɢɬаɧоɜɵɯ ɫɩɥаɜоɜ, 
ɩоɥɭɱеɧɧɵɯ ɫɩоɫоɛоɦ ɗɅɉ ɢ ɪаɫɯоɞа ɷɥеɤɬɪоɷ-
ɧеɪɝɢɢ оɩɪеɞеɥеɧɵ ɩо ɭɤɪɭɩɧеɧɧɵɦ ɫɬаɬɶɹɦ ɢ 
ɫооɬɜеɬɫɬɜɭɸɬ ɮаɤɬɢɱеɫɤɢɦ ɞаɧɧɵɦ оɩɵɬɧо-ɩɪо-
ɦɵɲɥеɧɧоɝо ɩɪоɢɡɜоɞɫɬɜа ɞаɧɧɵɯ ɫɥɢɬɤоɜ.

ɋɪаɜɧеɧɢе ɪаɫɯоɞа ɷɥеɤɬɪоɷɧеɪɝɢɢ ɩо ɦеɬо-
ɞаɦ оɛɪаɛоɬɤɢ ɢ ɩоɬеɪɶ ɦеɬаɥɥа ɜ ɫɬɪɭɠɤɭ ɩоɤа-
ɡɵɜаɸɬ ɷɮɮеɤɬɢɜɧоɫɬɶ оɛɪаɛоɬɤɢ ɩоɜеɪɯɧоɫɬɢ 
ɫɥɢɬɤоɜ ɫɥоɠɧоɥеɝɢɪоɜаɧɧɵɯ ɬɢɬаɧоɜɵɯ ɫɩɥа-

 
Ɍ ɚ ɛ ɥ ɢ ɰ ɚ  � .  ɋɨɞɟɪɠɚɧɢɟ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɦɟɬɚɥɥɟ ɨɩɥɚɜɥɟɧɧɨɝɨ ɫɥɨɹ ɫɥɢɬɤɨɜ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ� ɦɚɫ. �

ɋɩɥɚɜ ɋɟɱɟɧɢɟ ɫɥɢɬɤɚ� ɦɦ $l &r V 0o Zr 1E

ȼɌ20
ȽɈɋɌ 1�807±�1 5,5...7,0 ± 0,8...2,3 0,5...1,8 1,4...2,5 ±

� 400
ɂɫɯоɞɧɵɣ 6,� ± 2,05 1,57 1,81 ±

ɉоɫɥе ɗɅɈ 6,72 ± 2,08 1,5� 1,78 ±

ȼɌ22

ȽɈɋɌ 1�807±�1 4,4...5,7 0,5...1,5 4,0...5,5 4,0...5,5 � 0,3 ±

� 150
ɂɫɯоɞɧɵɣ 5,6 0,78 4,24 4,1 ± ±

ɉоɫɥе ɗɅɈ 5,4� 0,68 4,42 4,22 ± ±

� 400
ɂɫɯоɞɧɵɣ 5,24 1,45 4,73 4,04 ± ±

ɉоɫɥе ɗɅɈ 5,0� 1,28 4,84 4,21 ± ±

ȼɌ23
ɈɋɌ 1-�0013±81 4,0...6,3 0,8...1,4 4,0...5,0 1,5...2,5 � 0,3 ±

530î165
ɂɫɯоɞɧɵɣ 4,7 0,� 5,0 1,� 0,01 ±

ɉоɫɥе ɗɅɈ 4,3 0,8 5,1 2,1 0,01 ±

Ɍ110

Ɍɍɍ27.4-05416�23-071:2005 5,0...6,0 ± 0,8...2,0 0,8...1,8 0,3...0,8 3,5...4,8

� 150
ɂɫɯоɞɧɵɣ 5,35 ± 1,17 1,01 0,37 5,08

ɉоɫɥе ɗɅɈ 5,24 ± 1,21 1,03 0,37 5,1

� 400
ɂɫɯоɞɧɵɣ 5,82 ± 1,4 1,01 0,33 4,62

ɉоɫɥе ɗɅɈ 5,66 ± 1,43 1,06 0,37 4,74

Ɋɢɫ. 4. Ƚɥɭɛɢɧа ɩɪоɩɥаɜɥеɧɢɹ ɩоɜеɪɯɧоɫɬɧоɝо ɫɥоɹ
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ɜоɜ ɧа ɫɩеɰɢаɥɢɡɢɪоɜаɧɧоɣ ɷɥеɤɬɪоɧɧо-ɥɭɱе-
ɜоɣ ɭɫɬаɧоɜɤе ɍɗ-185 ɩо ɪаɡɪаɛоɬаɧɧоɣ ɜ ɂɗɋ 
ɢɦ. ȿ. Ɉ. ɉаɬоɧа ɇАɇ ɍɤɪаɢɧɵ ɬеɯɧоɥоɝɢɢ 
(ɬаɛɥ. 2). ȼ ɩоɥɭɱеɧɧɵɯ ɞаɧɧɵɯ ɭɱɢɬɵɜаɥɢ ɭɞеɥɶ-
ɧɵɣ ɪаɫɯоɞ ɷɥеɤɬɪоɷɧеɪɝɢɢ ɧа оɩɥаɜɥеɧɢе ɢ ɦе-
ɯаɧɢɱеɫɤɭɸ оɛɪаɛоɬɤɭ оɞɧоɝо ɤɢɥоɝɪаɦɦа ɫɥɢɬɤа 
ɪаɡɥɢɱɧоɝо ɫеɱеɧɢɹ.

ɋоɝɥаɫɧо ɩоɥɭɱеɧɧɵɦ ɞаɧɧɵɦ ɬеɯɧɢɤо-ɷɤо-
ɧоɦɢɱеɫɤаɹ ɷɮɮеɤɬɢɜɧоɫɬɶ ɗɅɈ ɩоɞɬɜеɪɠɞаеɬ-
ɫɹ ɩɪɢ ɫɪаɜɧеɧɢɢ ɩоɤаɡаɬеɥеɣ ɭɞеɥɶɧоɝо ɪаɫɯоɞа 
ɷɥеɤɬɪоɷɧеɪɝɢɢ ɧа оɩɥаɜɥеɧɢе ɫо ɫɬаɬɶɹɦɢ ɫо-
ɜɦеɫɬɧоɝо ɭɱеɬа ɭɞеɥɶɧоɝо ɪаɫɯоɞа ɷɥеɤɬɪоɷɧеɪ-
ɝɢɢ ɢ ɩоɬеɪɶ ɦеɬаɥɥа ɜ ɫɬɪɭɠɤɭ ɩɪɢ ɦеɯаɧɢɱеɫɤоɣ 
оɛɪаɛоɬɤе.

Ɋеɡɭɥɶɬаɬɵ ɜɵɩоɥɧеɧɧɵɯ ɪаɛоɬ ɩоɤаɡаɥɢ, ɱɬо 
ɬеɯɧоɥоɝɢɹ ɢ ɫɩеɰɢаɥɢɡɢɪоɜаɧɧое оɛоɪɭɞоɜаɧɢе 
ɞɥɹ ɗɅɈ ɛоɤоɜоɣ ɩоɜеɪɯɧоɫɬɢ ɫɥɢɬɤоɜ ɫɥоɠɧоɥе-
ɝɢɪоɜаɧɧɵɯ ɬɢɬаɧоɜɵɯ ɫɩɥаɜоɜ ɩоɡɜоɥɹɸɬ ɭɜеɥɢ-
ɱɢɬɶ ɜɵɯоɞ ɝоɞɧоɝо ɦеɬаɥɥа ɞо 15 � ɜ ɡаɜɢɫɢɦо-
ɫɬɢ оɬ ɫеɱеɧɢɹ ɫɥɢɬɤа.

Ɍаɤɢɦ оɛɪаɡоɦ, ɩɪɢɦеɧеɧɢе ɬеɯɧоɥоɝɢɢ ɗɅɈ 
ɩоɜеɪɯɧоɫɬɢ ɩоɡɜоɥɹеɬ ɫ ɜɵɫоɤоɣ ɫɬеɩеɧɶɸ ɷɮ-
ɮеɤɬɢɜɧоɫɬɢ ɭɞаɥɹɬɶ ɞеɮеɤɬɵ ɫо ɫɥɢɬɤоɜ ɫɥоɠɧо-
ɥеɝɢɪоɜаɧɧɵɯ ɫɩɥаɜоɜ ɬɢɬаɧа ɢ ɩоɥɭɱаɬɶ ɜɵɫоɤое 
ɤаɱеɫɬɜо ɦеɬаɥɥа оɩɥаɜɥеɧɧоɝо ɫɥоɹ.

ȼɵɜɨɞɵ

1. Ʉоɦɩɥеɤɫ ɩɪоɜеɞеɧɧɵɯ ɢɫɫɥеɞоɜаɧɢɣ ɩоɤаɡаɥ, 
ɱɬо ɯɢɦɢɱеɫɤɢɣ ɫоɫɬаɜ ɦеɬаɥɥа оɩɥаɜɥеɧɧоɝо 

ɫɥоɹ ɫɥоɠɧоɥеɝɢɪоɜаɧɧɵɯ ɬɢɬаɧоɜɵɯ ɫɩɥаɜоɜ ɫо-
оɬɜеɬɫɬɜɭеɬ ɦаɪоɱɧоɦɭ ɫоɫɬаɜɭ.

2. ɉоɤаɡаɧо, ɱɬо ɫɥɢɬɤɢ ɫɥоɠɧоɥеɝɢɪоɜаɧɧɵɯ 
ɬɢɬаɧоɜɵɯ ɫɩɥаɜоɜ, оɛɪаɛоɬаɧɧɵе ɩо ɬеɯɧоɥоɝɢɢ 
ɗɅɈ, ɢɦеɸɬ ɜɵɫоɤое ɤаɱеɫɬɜо ɩоɜеɪɯɧоɫɬɢ ɩɪɢ 
ɝɥɭɛɢɧе ɩɪоɩɥаɜɥеɧɢɹ ɞо 12 ɦɦ, ɞоɫɬаɬоɱɧоɣ ɞɥɹ 
ɷɮɮеɤɬɢɜɧоɝо ɭɞаɥеɧɢɹ ɩоɜеɪɯɧоɫɬɧɵɯ ɞеɮеɤɬоɜ.

3. ɗɤɫɩеɪɢɦеɧɬаɥɶɧɵɦ ɩɭɬеɦ ɞоɤаɡаɧа ɬеɯɧɢ-
ɤо-ɷɤоɧоɦɢɱеɫɤаɹ ɷɮɮеɤɬɢɜɧоɫɬɶ ɩɪоɦɵɲɥеɧɧо-
ɝо ɩɪɢɦеɧеɧɢɹ ɬеɯɧоɥоɝɢɢ ɢ оɛоɪɭɞоɜаɧɢɹ ɗɅɈ 
ɬɢɬаɧоɜɵɯ ɫɩɥаɜоɜ ɪаɡɥɢɱɧоɝо ɫеɱеɧɢɹ.
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The integrated research works were carried out for melting of a batch of ingots of complexly-alloyed alloys VT20, 
VT22, T110 of 150 and 400 mm diameter and ingots of rectangular section of 530î165 mm of alloy VT23 of up to 
2000 mm length, respectively. The surface of the produced ingots was subjected to the electron beam treatment in 
the UE-185 installation. It was shown that the chemical composition of metal of the fused layer of the complexly ² 
alloyed titanium alloys is in compliance with the grade composition, the ingots have the high Tuality of surface at 
the depth of penetration of up to 12 mm, sufficient for the effective removal of the surface defects. Technical and 
economic characteristics of surface treatment of the complexly-alloyed titanium alloys are presented. It is shown that 
technical and economic efficiency of the electron beam fusion is confirmed when comparing the specific consumption 
electric energy for fusion with combined account for the specific consumption of energy and metal losses in mechanical 
treatment. Ref. 12, Tables 2, Figures 6.

K e y  w o r d s :  complexly-alloyed titanium alloy; ingot; electron beam melting; electron beam fusion; fused layer; 
depth of penetration; metal quality
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