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ȼ ɫɬɚɬɶе ɩɨɤɚɡɚɧɨ, чɬɨ ɥиɤɜɚɰиɨɧɧɚɹ ɧеɨɞɧɨɪɨɞɧɨɫɬɶ, ɫɜɨɣɫɬɜеɧɧɚɹ ɡɚɝɨɬɨɜɤɚɦ иɡ ɫɬɚɥи 
10Ƚɇ2ɆɎȺ, ɜɵɡɵɜɚеɬ ɨɛɪɚɡɨɜɚɧие ɜ ɧиɯ ɭчɚɫɬɤɨɜ, ɨɛɨɝɚɳеɧɧɵɯ ɥеɝиɪɭɸɳиɦи 
ɷɥеɦеɧɬɚɦи, ɩɪиɦеɫɹɦи и ɧеɦеɬɚɥɥичеɫɤиɦи ɜɤɥɸчеɧиɹɦи, чɬɨ ɩɪиɜɨɞиɬ ɤ ɹɜɧɨ 
ɜɵɪɚɠеɧɧɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɧеɨɞɧɨɪɨɞɧɨɫɬи и ɪɚɡɥичɧɨɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɪеɤɪиɫɬɚɥɥиɡɚɰии 
ɩɪи ɨɛɪɚɛɨɬɤе ɞɚɜɥеɧиеɦ, ɨɛɪɚɡɨɜɚɧиɸ ɡɚɤɚɥɨчɧɵɯ ɫɬɪɭɤɬɭɪ, ɚ ɬɚɤɠе ɝɨɪɹчиɯ ɬɪеɳиɧ ɜ 
ɡɨɧɚɯ ɬеɪɦичеɫɤɨɝɨ ɜɥиɹɧиɹ ɜ ɯɨɞе ɜɵɩɨɥɧеɧиɹ ɧɚɪɭɠɧɵɯ ɜɚɥиɤɨɜ ɩɪи ɚɜɬɨɦɚɬичеɫɤɨɣ 
ɫɜɚɪɤе ɩɨɞ ɮɥɸɫɨɦ. ɉɨɞɨɛɧɨе ɩɨɜеɞеɧие ɦɨɠеɬ ɩɪɨɹɜɥɹɬɶɫɹ и ɜ ɦеɬɚɥɥе ɫɜɚɪɧɨɝɨ ɲɜɚ ɩɪи 
ɩɨɜɵɲеɧɧɨɦ ɬеɩɥɨɜɥɨɠеɧии, и ɞɪɭɝиɯ ɨɬɤɥɨɧеɧиɹɯ ɜ ɬеɯɧɨɥɨɝии, ɜɵɡɵɜɚɸɳиɯ 
ɨɛɪɚɡɨɜɚɧие ɤɪɭɩɧɨɞеɧɞɪиɬɧɨɣ ɫɬɪɭɤɬɭɪɵ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɥиɤɜɚɰиɨɧɧɚɹ ɧеɨɞɧɨɪɨɞɧɨɫɬɶ, ɫɜɚɪиɜɚеɦɨɫɬɶ ɫɬɚɥи, ɬеɪɦɨɤиɧеɬичеɫɤɚɹ 

ɞиɚɝɪɚɦɦɚ, ɛеɣɧиɬ, ɦɚɪɬеɧɫиɬɧɨ-ɚɭɫɬеɧиɬɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ, ɝɨɪɹчие ɦиɤɪɨɬɪеɳиɧɵ 
ɥиɤɜɚɰиɨɧɧɨɝɨ ɩɪɨиɫɯɨɠɞеɧиɹ, ɫɤɥɨɧɧɨɫɬɶ ɤ ɪеɤɪиɫɬɚɥɥиɡɚɰии ɩɪи ɨɛɪɚɛɨɬɤе ɦеɬɚɥɥɨɜ 
ɞɚɜɥеɧиеɦ.  

 
ɉɨɫɬɭɩиɥɚ ɜ ɪеɞɚɤɰиɸ: 27.09.2019 

ɉɨɫɥе ɞɨɪɚɛɨɬɤи 28.10.2019 

ɉɪиɧɹɬɚ ɤ ɩɭɛɥиɤɚɰии 07.11.2019 

 

ɉɪи иɡɝɨɬɨɜɥеɧии ɤɨɪɩɭɫɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧиɹ ɪеɚɤɬɨɪɧɵɯ ɭɫɬɚɧɨɜɨɤ ɬиɩɚ ȼȼɗɊ, 
ɤɚɤ ɩɪɚɜиɥɨ, ɩɪиɦеɧɹɸɬ ɫɬɚɥи ɞɜɭɯ ɬиɩɨɜ: 15ɏ2ɇɆɎȺ и 10Ƚɇ2ɆɎȺ. ɉеɪɜɵе 
иɫɩɨɥɶɡɭɸɬ ɞɥɹ иɡɞеɥиɣ ɛɨɥее ɜɵɫɨɤɨɝɨ ɤɥɚɫɫɚ ɩɪɨчɧɨɫɬи – ɤɨɪɩɭɫɨɜ и ɤɪɵɲеɤ 
ɪеɚɤɬɨɪɚ, ɚ ɜɬɨɪɵе ɞɥɹ ɦеɧее ɩɪɨчɧɵɯ – ɜ ɨɫɧɨɜɧɨɦ ɞɥɹ ɩɚɪɨɝеɧеɪɚɬɨɪɨɜ, 
ɤɨɦɩеɧɫɚɬɨɪɨɜ ɞɚɜɥеɧиɹ и ɬɪɭɛ ɝɥɚɜɧɨɝɨ ɰиɪɤɭɥɹɰиɨɧɧɨɝɨ ɤɨɧɬɭɪɚ (ȽɐɄ). Ɍеɯɧɨɥɨɝии 
ɨɛɪɚɛɨɬɤи ɡɚɝɨɬɨɜɨɤ и ɩɨɥɭɮɚɛɪиɤɚɬɨɜ иɡ ɷɬиɯ ɫɬɚɥеɣ, ɧɚɩɪиɦеɪ, ɫɜɚɪɤɚ и ɬеɪɦичеɫɤɚɹ 
ɨɛɪɚɛɨɬɤɚ, ɩɨɞɨɛɧɵ. Ɍɚɤ, ɬеɦɩеɪɚɬɭɪɵ иɯ ɧɚɝɪеɜɚ ɩɪи ɨɬɩɭɫɤе ɩɪɚɤɬичеɫɤи ɧе 
ɨɬɥичɚɸɬɫɹ и ɨɛɵчɧɨ ɫɨɫɬɚɜɥɹɸɬ 620-650

0ɋ; ɞɨɩɭɫɤɚеɬɫɹ ɩɪɨɜеɞеɧие ɨɬɩɭɫɤɚ ɜɩɥɨɬɶ 
ɞɨ 6700ɋ Д1Ж. Ɇɚɤɪɨ- и ɦиɤɪɨɫɬɪɭɤɬɭɪɚ, ɚ ɬɚɤɠе ɦеɯɚɧичеɫɤие ɫɜɨɣɫɬɜɚ ɷɬиɯ ɫɬɚɥеɣ 
ɨɬɥичɚɸɬɫɹ ɭɠе ɛɨɥее ɡɚɦеɬɧɨ.  

ȼ ɩɨɤɨɜɤɚɯ ɫɬɚɥи 10Ƚɇ2ɆɎȺ ɡɚɦеɬɧɚ ɥиɤɜɚɰиɨɧɧɚɹ ɧеɨɞɧɨɪɨɞɧɨɫɬɶ (ɪиɫ. 1), 
ɜɵɪɚɠɚɸɳɚɹɫɹ ɜ ɧɚɥичии ɭчɚɫɬɤɨɜ ɪɚɡɥичɧɨɣ ɫɬеɩеɧи ɬɪɚɜиɦɨɫɬи. ɉɪи ɷɬɨɦ ɫ 
ɭɦеɧɶɲеɧиеɦ ɫечеɧиɹ ɡɚɝɨɬɨɜɨɤ ɮɨɪɦиɪɭеɬɫɹ ɜɫе ɛɨɥее ɜɵɪɚɠеɧɧɚɹ ɩɨɥɨɫчɚɬɚɹ 
ɫɬɪɭɤɬɭɪɚ, ɫɨɫɬɨɹɳɚɹ иɡ ɬɚɤиɯ ɭчɚɫɬɤɨɜ. 

 



28  ɄɈɅɈɄɈɅɈȼ и ɞɪ. 

ȽɅɈȻȺɅɖɇȺə əДȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 4(33) 2019 

 
Ɋиɫɭɧɨɤ 1 – Ʌиɤɜɚɰиɨɧɧɚɹ ɧеɨɞɧɨɪɨɞɧɨɫɬɶ ɩɨɤɨɜɨɤ иɡ ɫɬɚɥи 10Ƚɇ2ɆɎȺ (ɛɨɥее ɬеɦɧɵе ɭчɚɫɬɤи 
ɫɨɞеɪɠɚɬ ɛɨɥɶɲе ɭɝɥеɪɨɞɚ и ɫиɥɶɧее ɥеɝиɪɨɜɚɧɵ), ɯ100 ДLТqЮТНКЭТШЧ СОЭОЫШРОЧОТЭв ШП ПШЫРТЧРЬ ПЫШЦ 

10GN2MFA steel (darker sections contain more carbon and are more alloyed), x100] 
 

ȼ ɩɨɤɨɜɤɚɯ иɡ ɫɬɚɥи 15ɏ2ɇɆɎȺ ɩɨɞɨɛɧɵɣ ɷɮɮеɤɬ ɡɚɦеɬɧɨ ɫɥɚɛее. ȿɳе ɨɞɧɨ ɧе 
ɞɨɫɬɚɬɨчɧɨ ɜɵɹɫɧеɧɧɨе ɪɚɡɥичие – ɝɚɪɚɧɬиɪɨɜɚɧɧɵе ɡɧɚчеɧиɹ Ɍɤɨ ɨɫɧɨɜɧɨɝɨ ɦеɬɚɥɥɚ и 
ɲɜɨɜ. Дɥɹ ɫɬɚɥи 10Ƚɇ2ɆɎȺ ɨɧи ɨɞиɧɚɤɨɜɵ и ɫɨɫɬɚɜɥɹɸɬ ɨɬ ɦиɧɭɫ 10 ɞɨ ɩɥɸɫ 150ɋ 
ɞɥɹ ɪɚɡɧɵɯ иɡɞеɥиɣ, ɜ ɬɨ ɜɪеɦɹ ɤɚɤ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɦеɬɚɥɥɚ ɫɬɚɥи 15ɏ2ɇɆɎȺ Ɍɤɨ ɪɚɜɧɚ 
ɨɬ ɦиɧɭɫ 90 ɞɨ ɦиɧɭɫ 400ɋ, ɚ ɞɥɹ ɲɜɨɜ – ɧе ɧиɠе ɦиɧɭɫ 250ɋ. ɉɨ ɫɨɞеɪɠɚɧиɸ ɭɝɥеɪɨɞɚ 
и ɬиɩɭ ɥеɝиɪɨɜɚɧиɹ Ɍɤɨ ɞɨɥɠɧɵ ɛɵɬɶ ɧиɠе ɭ ɫɬɚɥи 10Ƚɇ2ɆɎȺ. ɉɨɷɬɨɦɭ ɩɪичиɧɵ ее 
ɛɨɥее ɜɵɫɨɤиɯ ɧɨɪɦɚɬиɜɧɵɯ ɬеɦɩеɪɚɬɭɪ и ɞɥɹ ɲɜɨɜ и ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɦеɬɚɥɥɚ ɩɨ 
ɫɪɚɜɧеɧиɸ ɫɨ ɫɬɚɥɶɸ 15ɏ2ɇɆɎȺ ɧе ɫɨɜɫеɦ ɩɨɧɹɬɧɵ. 

Ɋɚɫɫɦɨɬɪиɦ ɩɪичиɧɵ ɩɨɹɜɥеɧиɹ ɥиɤɜɚɰиɨɧɧɨɣ ɧеɨɞɧɨɪɨɞɧɨɫɬи ɜ 
ɦɚɥɨɭɝɥеɪɨɞиɫɬɵɯ ɧиɡɤɨɥеɝиɪɨɜɚɧɧɵɯ ɫɬɚɥɹɯ. ɋɨɝɥɚɫɧɨ ɇ.ɉ. Ȼɭɧиɧɭ Д2Ж, ɨчеɧɶ ɫиɥɶɧɨ 
ɥиɤɜиɪɭɸɬ S и P, ɫɥɚɛее (ɜ 3-5 ɪɚɡ) С, As, V, Mo, ɚ ɞɥɹ Si, Cr, Mn и Ni ɥиɤɜɚɰиɹ 
ɩɪɚɤɬичеɫɤи ɧе ɜɵɪɚɠеɧɚ. ɇɚ ɪиɫɭɧɤе 2 ɩɨɤɚɡɚɧ ɭчɚɫɬɨɤ ɞиɚɝɪɚɦɦɵ ɪɚɜɧɨɜеɫиɹ 
ɫиɫɬеɦɵ Fe – C, ɫɨɨɬɜеɬɫɬɜɭɸɳиɣ ɬеɦɩеɪɚɬɭɪɚɦ иɧɬеɪɜɚɥɚ ɤɪиɫɬɚɥɥиɡɚɰии ɦɚɥɨ- и 
ɫɪеɞɧеɭɝɥеɪɨɞиɫɬɵɯ ɫɬɚɥеɣ. Дɥɹ ɫɩɥɚɜɨɜ ɫ ɤɨɧɰеɧɬɪɚɰиеɣ С ≤ 0,1%, ɤ ɤɨɬɨɪɵɦ 
ɨɬɧɨɫиɬɫɹ и ɫɬɚɥɶ 10Ƚɇ2ɆɎȺ, ɩеɪɜичɧɚɹ ɤɪиɫɬɚɥɥиɡɚɰиɹ (ɞɥɹ ɫɩɥɚɜɚ К1 ɨɬ ɬɨчɤи 1 ɞɨ 
ɬɨчɤи 2) ɡɚɜеɪɲɚеɬɫɹ ɧɚ ɥиɧии А–ɇ. ȼ ɷɬиɯ ɫɩɥɚɜɚɯ ɮɨɪɦиɪɭеɬɫɹ ɞеɧɞɪиɬɧɚɹ ɫɬɪɭɤɬɭɪɚ 
δ-ɮеɪɪиɬɚ. ȼ ɩɪɨɰеɫɫе ɩеɪɜичɧɨɣ ɤɪиɫɬɚɥɥиɡɚɰии иɡɛɵɬɨчɧɵɣ ɭɝɥеɪɨɞ и 
ɫɨɞеɪɠɚɳиеɫɹ ɜ ɪɚɫɩɥɚɜе ɚɬɨɦɵ ɥеɝɤɨɩɥɚɜɤиɯ ɩɪиɦеɫеɣ (ɜ ɩеɪɜɭɸ ɨчеɪеɞɶ S и P, ɚ 
ɬɚɤɠе As и ɫɨɞеɪɠɚɳиеɫɹ ɜ ɫɬɚɥи V и Mo) и ɧеɦеɬɚɥɥичеɫɤие ɜɤɥɸчеɧиɹ 
ɜɵɬɚɥɤиɜɚɸɬɫɹ ɜ ɨɫɬɚɬɨчɧɵе ɨɛɴеɦɵ ɠиɞɤɨɫɬи, ɜ ɬɨ ɜɪеɦɹ ɤɚɤ Si, Mn и Ni 

ɪɚɫɩɪеɞеɥеɧɵ ɪɚɜɧɨɦеɪɧɨ. Ʉ ɦɨɦеɧɬɭ ɨɤɨɧчɚɧиɹ ɤɪиɫɬɚɥɥиɡɚɰии ɜɫе ɥиɤɜиɪɭɸɳие 
ɷɥеɦеɧɬɵ ɫɨɫɪеɞɨɬɨчеɧɵ ɧɚ ɝɪɚɧиɰɚɯ ɞеɧɞɪиɬɨɜ. ȼ ɷɬɨɦ ɡɚɤɥɸчɚеɬɫɹ ɨɞɧɨ иɡ 
ɩɪɨɹɜɥеɧиɣ ɞеɧɞɪиɬɧɨɣ ɥиɤɜɚɰии. Дɥɹ ɫɩɥɚɜɨɜ ɫ С > 0,1% ɧɚ ɥиɧии H–J–B ɩеɪɜичɧɚɹ 
ɤɪиɫɬɚɥɥиɡɚɰиɹ ɩɪеɪɵɜɚеɬɫɹ ɩеɪиɬеɤɬичеɫɤиɦ ɩɪеɜɪɚɳеɧиеɦ. ɗɬɨɬ ɩɪɨɰеɫɫ 
ɨɫɭɳеɫɬɜɥɹеɬɫɹ ɫ ɜɵɞеɥеɧиеɦ ɬеɩɥɚ, ɭɫɤɨɪɹɸɳеɝɨ ɞиɮɮɭɡиɸ, и ɞɥɹ ɫɩɥɚɜɚ, 
ɫɨɨɬɜеɬɫɬɜɭɸɳеɝɨ ɬɨчɤе J, ɡɚɤɥɸчɚеɬɫɹ ɜ ɬɨɦ, чɬɨ ɜɵɞеɥиɜɳиɣɫɹ ɮеɪɪиɬ 
ɜɡɚиɦɨɞеɣɫɬɜɭеɬ ɫ ɨɫɬɚɜɲиɦɫɹ ɪɚɫɩɥɚɜɨɦ, ɜ ɪеɡɭɥɶɬɚɬе чеɝɨ ɜɨ ɜɫеɦ ɨɛɴеɦе ɫɩɥɚɜɚ 
ɨɛɪɚɡɭеɬɫɹ ɚɭɫɬеɧиɬ, ɜ ɤɨɬɨɪɨɦ ɪɚɫɬɜɨɪɹеɬɫɹ иɡɛɵɬɨчɧɵɣ ɭɝɥеɪɨɞ. ɗɬɨ ɩɪиɜɨɞиɬ ɤ 
ɬɨɦɭ, чɬɨ ɞеɧɞɪиɬɧɚɹ ɥиɤɜɚɰиɹ ɜ ɬɚɤиɯ ɫɩɥɚɜɚɯ ɜɵɪɚɠеɧɚ ɡɧɚчиɬеɥɶɧɨ ɫɥɚɛее. ɉɨ 
ɫɨɞеɪɠɚɧиɸ ɭɝɥеɪɨɞɚ ɫɬɚɥɶ 15ɏ2ɇɆɎȺ ɩɪɚɤɬичеɫɤи ɫɨɜɩɚɞɚеɬ ɫ ɬɨчɤɨɣ J, ɬ.е. ɜɫе 
ɫɤɚɡɚɧɧɨе ɜɵɲе ɨ ɫɩɥɚɜɚɯ ɫ С > 0,1% ɨɬɧɨɫиɬɫɹ и ɤ ɧеɣ.  
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Ɋиɫɭɧɨɤ 2 – ɋɯеɦɚ ɩɪеɜɪɚɳеɧиɣ ɜ ɧиɡɤɨ- и ɫɪеɞɧеɭɝɥеɪɨɞиɫɬɵɯ ɫɬɚɥɹɯ ɩɪи ɤɪиɫɬɚɥɥиɡɚɰии ɫɨɝɥɚɫɧɨ 

ɞиɚɝɪɚɦɦе ɪɚɜɧɨɜеɫиɹ Fe – C [The scheme of transformations in low- and medium-carbon steels during 

crystallization according to the Fe – C equilibrium diagram] 
 

ɉɪиɜеɞеɧɧɚɹ ɫɯеɦɚ ɩɪеɜɪɚɳеɧиɣ ɧеɫɤɨɥɶɤɨ ɭɩɪɨɳеɧɚ, ɨɞɧɚɤɨ ɨɧɚ ɩɨɤɚɡɵɜɚеɬ 
ɨɫɧɨɜɧɭɸ ɩɪичиɧɭ ɮɨɪɦиɪɨɜɚɧиɹ ɞеɧɞɪиɬɧɨɣ ɥиɤɜɚɰии ɜ ɫɬɚɥи 10Ƚɇ2ɆɎȺ, ɚ ɬɚɤɠе 
ɦеɫɬ ɫɨɫɪеɞɨɬɨчеɧиɹ ɩɪиɦеɫеɣ и ɧеɦеɬɚɥɥичеɫɤиɯ ɜɤɥɸчеɧиɣ ɜ 
ɡɚɤɪиɫɬɚɥɥиɡɨɜɚɜɲеɦɫɹ ɦеɬɚɥɥе. ɉɨɫɥеɞɭɸɳɚɹ ɩɪи ɨɯɥɚɠɞеɧии ɞɜɨɣɧɚɹ 
ɩеɪеɤɪиɫɬɚɥɥиɡɚɰиɹ ɩɪи ɩɨɥиɦɨɪɮɧɵɯ ɩɪеɜɪɚɳеɧиɹɯ, ɚ ɬɚɤɠе ɚɧɚɥɨɝичɧɵе и ɞɪɭɝие 
ɩɪеɜɪɚɳеɧиɹ ɩɪи ɨɛɪɚɛɨɬɤе ɞɚɜɥеɧиеɦ, «ɪɚɡɦɚɡɵɜɚɸɬ» ɯиɦичеɫɤɭɸ и ɫɬɪɭɤɬɭɪɧɭɸ 
ɧеɨɞɧɨɪɨɞɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɩɪиɨɛɪеɬɚеɬ ɜиɞ, ɯɚɪɚɤɬеɪɧɵɣ ɞɥɹ иɦеɸɳиɯɫɹ ɩɨɤɨɜɨɤ. Ȼɨɥее 
ɬеɦɧɵе ɭчɚɫɬɤи (ɫɦ. ɪиɫ. 1) иɡ-ɡɚ ɥиɤɜɚɰии ɫɨɞеɪɠɚɬ ɛɨɥɶɲее ɤɨɥичеɫɬɜɨ ɬɚɤиɯ 
ɤɚɪɛиɞɨɨɛɪɚɡɭɸɳиɯ ɷɥеɦеɧɬɨɜ, ɤɚɤ V и Mo. Ɇиɤɪɨɬɜеɪɞɨɫɬɶ ɛɨɥее ɬеɦɧɵɯ ɭчɚɫɬɤɨɜ 
ɜɵɲе, ɬɚɤ ɤɚɤ ɡɞеɫɶ ɩɪиɫɭɬɫɬɜɭɸɬ ɪɚɡɥичɧɵе ɮɨɪɦɵ ɛеɣɧиɬɚ. Дɥɹ ɨɩиɫɚɧиɹ ɩɨɹɜɥеɧиɹ 
ɬɚɤиɯ ɦиɤɪɨɫɬɪɭɤɬɭɪ ɭɞɨɛɧɨ иɫɩɨɥɶɡɨɜɚɬɶ ɬеɪɦɨɤиɧеɬичеɫɤие ɞиɚɝɪɚɦɦɵ (ɌɄД), ɧɚ 
ɤɨɬɨɪɵɯ ɛɨɥее ɥеɝиɪɨɜɚɧɧɵе ɬеɦɧɵе ɭчɚɫɬɤи ɫɨɨɬɜеɬɫɬɜɭɸɬ ɩɨɹɜɥеɧиɸ ɛɨɥее 
ɥеɝиɪɨɜɚɧɧɵɯ ɛеɣɧиɬɧɵɯ ɫɬɪɭɤɬɭɪ. ɇɚ ɪиɫɭɧɤе 3 ɩɪиɜеɞеɧɵ ɬеɪɦɨɤиɧеɬичеɫɤие 
ɞиɚɝɪɚɦɦɵ, ɯɚɪɚɤɬеɪɧɵе ɞɥɹ ɦɚɥɨɭɝɥеɪɨɞиɫɬɵɯ ɧиɡɤɨɥеɝиɪɨɜɚɧɧɵɯ ɫɬɚɥеɣ ɫ 
ɪɚɡɥичɧɵɦ ɫɨɞеɪɠɚɧиеɦ ɥеɝиɪɭɸɳиɯ ɷɥеɦеɧɬɨɜ Д3Ж. ȼ ɫɬɚɥи 12Ƚɇ3ɆɎ, ɛɨɥее 
ɥеɝиɪɨɜɚɧɧɨɣ Ni, ɭɫɬɨɣчиɜɨɫɬɶ ɚɭɫɬеɧиɬɚ ɜɵɲе, ɛɨɥɶɲе ɬɜеɪɞɨɫɬɶ ɛеɣɧиɬɚ, 
ɤɪиɬичеɫɤɚɹ ɬɨчɤɚ А1 – ɧиɠе. 

 
 

 

ɋɬɚɥɶ 16ȽɇɆ 

 

ɋɬɚɥɶ 12Ƚɇ3ɆɎ 

 
Ɋиɫɭɧɨɤ 3 – Ɍеɪɦɨɤиɧеɬичеɫɤие ɞиɚɝɪɚɦɦɵ, ɯɚɪɚɤɬеɪɧɵе ɞɥɹ ɦɚɥɨɭɝɥеɪɨɞиɫɬɵɯ ɧиɡɤɨɥеɝиɪɨɜɚɧɧɵɯ 

ɫɬɚɥеɣ ɫ ɪɚɡɥичɧɵɦ ɫɨɞеɪɠɚɧиеɦ ɥеɝиɪɭɸɳиɯ ɷɥеɦеɧɬɨɜ Д3Ж ДTСОЫЦШФТЧОЭТМ НТКРЫКЦЬ МСКЫКМЭОЫТЬЭТМ ШП ХШа-

carbon low-alloy steels with different content of alloying elements [3]] 
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Ʌиɤɜɚɰиɨɧɧɚɹ ɧеɨɞɧɨɪɨɞɧɨɫɬɶ ɦɨɠеɬ ɩɪиɜеɫɬи ɤ ɥɨɤɚɥɶɧɨɦɭ ɫɧиɠеɧиɸ 
ɤɪиɬичеɫɤɨɣ ɬɨчɤи А1 ɜ ɨɛɨɝɚɳеɧɧɵɯ ɥеɝиɪɭɸɳиɦи ɷɥеɦеɧɬɚɦи-

ɚɭɫɬеɧиɬɨɨɛɪɚɡɨɜɚɬеɥɹɦи ɭчɚɫɬɤɚɯ. ɉɪи ɩɪɨɜеɞеɧии ɨɬɩɭɫɤɚ ɜ иɧɬеɪɜɚɥе 660-670
0ɋ 

ɫɬɚɥеɣ иɥи иɯ ɫɜɚɪɧɵɯ ɫɨеɞиɧеɧиɣ иɡ-ɡɚ ɩɨɧиɠеɧɧɨɣ ɤɪиɬичеɫɤɨɣ ɬɨчɤи А1 ɜ ɫɬɚɥɹɯ 
ɬиɩɚ 10Ƚɇ2ɆɎȺ ɜ ɷɬиɯ ɭчɚɫɬɤɚɯ ɩɪɨиɫɯɨɞиɬ чɚɫɬичɧɨе ɩɨɥиɦɨɪɮɧɨе ɩɪеɜɪɚɳеɧие 
ɮеɪɪиɬɚ ɜ ɚɭɫɬеɧиɬ. ɉɪи ɩеɪеɯɨɞе ɜ ɦеɠɤɪиɬичеɫɤиɣ иɧɬеɪɜɚɥ ɨɛɪɚɡɭɸɬɫɹ ɨɫɬɪɨɜɤи 
ɚɭɫɬеɧиɬɚ, ɤɨɬɨɪɵе ɩɪи ɩɨɫɥеɞɭɸɳеɦ ɨɯɥɚɠɞеɧии иɫɩɵɬɵɜɚɸɬ ɦɚɪɬеɧɫиɬɧɨе 
ɩɪеɜɪɚɳеɧие. Ɉɛɪɚɡɭеɬɫɹ ɬɚɤ ɧɚɡɵɜɚеɦɚɹ ɦɚɪɬеɧɫиɬɧɨ-ɚɭɫɬеɧиɬɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ 
(ɆȺɋ), ɧɚɥичие ɤɨɬɨɪɨɣ ɩɨɜɵɲɚеɬ ɩɪɨчɧɨɫɬɶ и ɭɯɭɞɲɚеɬ ɭɞɚɪɧɭɸ ɜɹɡɤɨɫɬɶ Д4Ж. ɇɚ 
ɪиɫɭɧɤе 4 ɩɪиɜеɞеɧɵ ɦиɤɪɨɫɬɪɭɤɬɭɪɵ ɫɬɚɥи 10Ƚɇ2ɆɎȺ ɫ ɪɚɡɥичɧɨɣ ɦɨɪɮɨɥɨɝиеɣ и 
ɫɨɞеɪɠɚɧиеɦ ɆȺɋ. ɗɬɨ ɨɛɫɬɨɹɬеɥɶɫɬɜɨ ɧеɨɛɯɨɞиɦɨ ɭчиɬɵɜɚɬɶ ɩɪи ɧɚɡɧɚчеɧии 
ɪеɠиɦɨɜ ɬеɪɦичеɫɤɨɣ ɨɛɪɚɛɨɬɤи ɞɚɧɧɨɣ ɫɬɚɥи и ее ɫɜɚɪɧɵɯ ɫɨеɞиɧеɧиɣ. 

 

 
ɚ 
 

 
ɛ 
 

 
ɜ 

Ɋиɫɭɧɨɤ 4 – Ɇɚɪɬеɧɫиɬɧɨ-ɚɭɫɬеɧиɬɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ (ɆȺɋ): ɚ) ɜ ɜиɞе ɰеɩɨчеɤ, ɚ ɬɚɤɠе ɨɬɞеɥɶɧɵɯ ɫɜеɬɥɵɯ 
ɜɵɬɹɧɭɬɵɯ ɨɫɬɪɨɜɤɨɜ, ɯ500; ɛ) ɫɤеɥеɬɧɚɹ ɫɬɪɭɤɬɭɪɚ, ɯ200; ɜ) ɨɬɞеɥɶɧɵе чɚɫɬиɰɵ ɆȺɋ (ɫɜеɬɥɵе) и ɬɪɨɨɫɬиɬɧɚɹ 
ɫɨɫɬɚɜɥɹɸɳɚɹ (ɬеɦɧɚɹ) ɜ ɮеɪɪиɬɧɨɣ ɦɚɬɪиɰе, ɯ500 ДTСО ЦКЫЭОЧЬТЭТМ-austenitic component (MAC): a) in the form 

of chains, as well as individual light elongated islands, x500; b) skeletal structure, x200; c) individual MAC particles 

(light) and troostite component (dark) in a ferrite matrix, x500] 

ɚ
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ɉɪи ɩɪɨɜеɞеɧии ɝɨɪɹчеɣ ɨɛɪɚɛɨɬɤи ɞɚɜɥеɧиеɦ иɡɞеɥиɣ иɡ ɫɬɚɥи 10Ƚɇ2ɆɎȺ, 
ɧɚɩɪиɦеɪ, ɲɬɚɦɩɨɜɤи ɞɨɧɵɲеɤ, ɝиɛɤи ɤɨɥеɧ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ȽɐɄ, ɥиɤɜɚɰиɨɧɧɚɹ 
ɧеɨɞɧɨɪɨɞɧɨɫɬɶ ɦɨɠеɬ ɩɪиɜеɫɬи ɤ ɪеɤɪиɫɬɚɥɥиɡɚɰиɨɧɧɵɦ ɩɪɨɰеɫɫɚɦ, иɡɦеɧɹɸɳиɦ иɯ 
ɦеɯɚɧичеɫɤие ɫɜɨɣɫɬɜɚ. ɉɪи ɧɚɝɪеɜе ɩɨɞ ɲɬɚɦɩɨɜɤɭ ɩɪɨиɫɯɨɞиɬ чɚɫɬичɧɨе 
ɪɚɫɬɜɨɪеɧие ɦиɤɪɨɥеɝиɪɭɸɳиɯ чɚɫɬиɰ ɤɚɪɛиɞɨɜ ɜɚɧɚɞиɹ (VC), ɜ ɪеɡɭɥɶɬɚɬе чеɝɨ 
ɧɚчиɧɚеɬɫɹ ɧеɤɨɧɬɪɨɥиɪɭеɦɵɣ ɪɨɫɬ ɚɭɫɬеɧиɬɧɵɯ ɡеɪеɧ ɜ ɭчɚɫɬɤɚɯ ɨɛеɞɧеɧɧɵɯ 
ɥеɝиɪɭɸɳиɦи ɷɥеɦеɧɬɚɦи Д5Ж. ɇɚ ɪиɫɭɧɤе 5 ɩɨɤɚɡɚɧ ɪеɡɭɥɶɬɚɬ чɚɫɬичɧɨɣ 
ɪеɤɪиɫɬɚɥɥиɡɚɰии, ɜɵɹɜɥеɧɧɨɣ ɩɪи ɚɧɚɥиɡе ɦиɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɫɥе ɝиɛɤи ɤɨɥеɧ. Дɥɹ 
ɜɵɪɚɛɨɬɤи ɬеɯɧɨɥɨɝичеɫɤиɯ ɪеɤɨɦеɧɞɚɰиɣ ɩɨ ɞɚɧɧɨɦɭ ɜɨɩɪɨɫɭ ɧеɨɛɯɨɞиɦɨ 
ɩɪɨɜеɞеɧие ɫɩеɰиɚɥɶɧɨɝɨ иɫɫɥеɞɨɜɚɧиɹ.  

 

 
ɚ 

 

 
ɛ 

 

 
ɜ 

Ɋиɫɭɧɨɤ 5 – ɑɚɫɬичɧɚɹ ɪеɤɪиɫɬɚɥɥиɡɚɰиɹ ɜ ɫɬɪɭɤɬɭɪе ɫɬɚɥи 10Ƚɇ2ɆɎȺ ɩɨɫɥе ɧɚɝɪеɜɚ ɞɥɹ ɝиɛɤи ɤɨɥеɧ: 
ɚ) ɨɛɳиɣ ɜиɞ – ɫɜеɬɥɵе ɡеɪɧɚ, ɜ ɤɨɬɨɪɵɯ ɩɪɨɲɥɚ ɪеɤɪиɫɬɚɥɥиɡɚɰиɹ, ɬеɦɧɵе ɡеɪɧɚ ɜ ɜиɞе ɩɨɥɨɫ – 

ɪеɤɪиɫɬɚɥɥиɬɡɚɰии ɧе ɛɵɥɨ, ɯ100; ɛ) ɛеɣɧиɬɧɚɹ ɫɬɪɭɤɬɭɪɚ, ɜɵɹɜɥɹеɦɚɹ ɩɨɫɥе ɪеɤɪиɫɬɚɥɥиɡɚɰии, ɯ500;  
ɜ) иɝɨɥɶчɚɬɵɣ ɛеɣɧиɬ ɜ ɧеɪеɤɪиɫɬɚɥɥиɡɨɜɚɧɧɵɯ ɭчɚɫɬɤɚɯ, ɯ500 ДPКЫЭТКХ ЫОМЫвЬЭКХХТгКЭТШЧ ТЧ ЭСО ЬЭЫЮМЭЮЫО ШП 

10GN2MFA steel after heating for bending: a) general view is light grains in which recrystallization took place, 

dark grains in the form of stripes mean no recrystallization, x100; b) bainitic structure detected after 

recrystallization, x500; c) needle bainite in unrecrystallized areas, x500] 
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ɉɪи ɫɜɚɪɤе, ɩɨɩɚɜɲие ɜ ɜɵɫɨɤɨɬеɦɩеɪɚɬɭɪɧɭɸ ɨɛɥɚɫɬɶ ɡɨɧɵ ɬеɪɦичеɫɤɨɝɨ 
ɜɥиɹɧиɹ (ɁɌȼ) ɭчɚɫɬɤи, ɨɛɨɝɚɳеɧɧɵе ɭɝɥеɪɨɞɨɦ и ɥеɝиɪɭɸɳиɦи ɷɥеɦеɧɬɚɦи, ɚ ɬɚɤɠе 
ɩɪиɦеɫɹɦи и ɧеɦеɬɚɥɥичеɫɤиɦи ɜɤɥɸчеɧиɹɦи, ɦɨɝɭɬ ɜеɫɬи ɫеɛɹ ɩɨ-ɪɚɡɧɨɦɭ Д6, 7Ж. Ʉɚɤ 
ɩɪɚɜиɥɨ, ɷɬи ɭчɚɫɬɤи ɛɨɥее ɬɜеɪɞɵе и ɫиɥɶɧее ɬɪɚɜɹɬɫɹ. ȿɫɥи ɜ ɬɚɤɨɦ ɭчɚɫɬɤе, 
ɩɪиɥеɝɚɸɳеɦ ɤ ɥиɧии ɫɩɥɚɜɥеɧиɹ, ɩɪиɫɭɬɫɬɜɭɸɬ ɧеɦеɬɚɥɥичеɫɤие ɜɤɥɸчеɧиɹ (ɤɚɤ 
ɩɪɚɜиɥɨ, ɨɧи ɤɨɦɩɥеɤɫɧɵе), ɡɞеɫɶ ɩɪɨиɡɨɣɞеɬ ɩɨɞɩɥɚɜɥеɧие и ɨɛɪɚɡɭɸɬɫɹ ɝɨɪɹчие 
ɦиɤɪɨɬɪеɳиɧɵ ɥиɤɜɚɰиɨɧɧɨɝɨ ɩɪɨиɫɯɨɠɞеɧиɹ Д8Ж. Ɉɧи, ɜ чɚɫɬɧɨɫɬи, ɦɨɝɭɬ 
ɨɛɪɚɡɨɜɚɬɶɫɹ ɩɪи ɜɵɩɨɥɧеɧии ɧɚɪɭɠɧɵɯ ɝɨɪиɡɨɧɬɚɥɶɧɵɯ ɜɚɥиɤɨɜ иɥи ɩɪиɜɚɪɤе 
ɤɪеɩɥеɧиɣ ɜɛɥиɡи ɤɨɥɶɰеɜɵɯ ɲɜɨɜ, еɫɥи ɜ ɫɨɨɬɜеɬɫɬɜɭɸɳеɣ ɨɛечɚɣɤе ɩɪиɫɭɬɫɬɜɭɸɬ 
ɬɚɤие ɜɤɥɸчеɧиɹ, иɥи ɜ ɫɥɭчɚе ɩɪиɦеɧеɧиɹ ɪеɠиɦɨɜ ɫɜɚɪɤи ɫ ɩɨɜɵɲеɧɧɨɣ ɩɨɝɨɧɧɨɣ 
ɷɧеɪɝиеɣ Д7Ж. ɇɚ ɪиɫ. 6 ɩɪиɜеɞеɧɚ ɦɚɤɪɨɫɬɪɭɤɬɭɪɚ ɜɵɹɜɥеɧɧɨɝɨ ɞеɮеɤɬɚ ɞɚɧɧɨɝɨ ɬиɩɚ, ɚ 
ɧɚ ɪиɫ. 7 – ɧɚɞɪɵɜɵ, ɨɛɪɚɡɭɸɳиеɫɹ ɩɪи ɜɫɤɪɵɬии ɬɚɤɨɝɨ ɞеɮеɤɬɚ ɜ ɩɪɨɰеɫɫе 
иɫɩɵɬɚɧиɣ ɧɚ ɡɚɝиɛ, и ɨɛɳиɣ ɜиɞ иɡɥɨɦɚ ɞɚɧɧɨɝɨ ɨɛɪɚɡɰɚ (ɝɨɪɹчɚɹ ɬɪеɳиɧɚ – ɜɜеɪɯɭ). 

 

ɚ ɛ 

Ɋиɫɭɧɨɤ 6 – Ƚɨɪɹчие ɦиɤɪɨɬɪеɳиɧɵ, ɤɨɬɨɪɵе ɦɨɝɭɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɧɚ ɥиɧии ɫɩɥɚɜɥеɧиɹ ɩɪи 
ɧɚɥɨɠеɧии ɜɚɥиɤɚ, ɩɚɪɚɥɥеɥɶɧɨɝɨ ɩɨɜеɪɯɧɨɫɬи ɩɨɤɨɜɤи, ɚ) ɨɛɳиɣ ɜиɞ (ɜɜеɪɯɭ - ɜɚɥиɤ ɫ ɞеɮеɤɬɨɦ ɧɚ 

ɥиɧии ɫɩɥɚɜɥеɧиɹ), ɯ20; ɛ) ɝɨɪɹчɚɹ ɦиɤɪɨɬɪеɳиɧɚ ɩɪи ɛɨɥɶɲеɦ ɭɜеɥичеɧии (ɜ ɜеɪɯɧеɣ чɚɫɬи ɬɪеɳиɧɵ 
ɜиɞɧɵ «ɭɫиɤи» ɧеɪɚɫɤɪɵɜɲеɣɫɹ ɬɪеɳиɧɵ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳиеɫɹ ɜ ɲɨɜ), ɯ200 ДHШЭ ЦТМЫШМЫКМФЬ ЭСКЭ МКЧ 
form on the fusion line when applying a roller parallel to the forging surface, a) general view (above is a roller 

with a defect on the fusion line), x20; b) a hot microcrack with a larger increase (in the upper part of the crack, 

“КЧЭОЧЧКО” ШП КЧ ЮЧШЩОЧОН МЫКМФ ЩЫШЩКРКЭТЧР ТЧЭШ ЭСО ЬОКЦ КЫО ЯТЬТЛХО), б200Ж 

 

 
ɚ 

 
ɛ 

Ɋиɫɭɧɨɤ 7 – Ɍɪеɳиɧɚ ɧɚ ɝиɛɨɜɨɦ ɨɛɪɚɡɰе: ɚ) ɦеɫɬɨ ɨɛɪɚɡɨɜɚɧиɹ ɬɪеɳиɧɵ; ɛ) ɜɫɤɪɵɬɚɹ ɜ ɪеɡɭɥɶɬɚɬе 
иɡɝиɛɚ ɬɪеɳиɧɚ (ɫɬɪеɥɤɚɦи ɭɤɚɡɚɧɵ ɨчɚɝи ɝɨɪɹчиɯ ɬɪеɳиɧ) ДCЫКМФ ШЧ ЭСО ЛОЧНТЧР ЬКЦЩХО: К) ЭСО ЩХКМО ШП 

crack formation; b) crack opened as a result of bending (arrows indicate hot spots)] 
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ɇɚ ɪиɫɭɧɤе 8 ɩɪиɜеɞеɧɵ ɦиɤɪɨɮɪɚɤɬɨɝɪɚɮичеɫɤие ɩɪиɡɧɚɤи ɜɵɹɜɥеɧɧɨɣ 
ɬɪеɳиɧɵ. Ɉɛɳиɣ ɜиɞ ɞеɮеɤɬɚ ɩɪеɞɫɬɚɜɥеɧ ɧɚ ɪиɫɭɧɤе 8ɚ и иɦееɬ ɨɛɳее 
ɤɪɭɩɧɨɡеɪɧиɫɬɨе ɦеɠɡеɪеɧɧɨе ɫɬɪɨеɧие, ɨɬɪɚɠɚɸɳее ɫɬɪɭɤɬɭɪɭ ɡɨɧɵ ɩеɪеɝɪеɜɚ, 
ɯɚɪɚɤɬеɪɧɭɸ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɦеɬɚɥɥɚ ɭ ɥиɧии ɫɩɥɚɜɥеɧиɹ. Ɉчɚɝɚɦи ɹɜɥɹɸɬɫɹ ɨɛɴеɦɧɵе 
ɦиɤɪɨɞеɮеɤɬɵ ɜ ɜиɞе ɨɩɥɚɜɥеɧɧɵɯ ɩɨɥɨɫɬеɣ ɜ ɨɛɥɚɫɬи ɫɤɨɩɥеɧиɹ ɧеɦеɬɚɥɥичеɫɤиɯ 
ɜɤɥɸчеɧиɣ (ɪиɫ. 8ɛ). ɉɪиɥеɝɚɸɳие ɤ ɨчɚɝɭ ɭчɚɫɬɤи ɫ ɦеɠɡеɪеɧɧɵɦ ɫɬɪɨеɧиеɦ ɩɨɤɪɵɬɵ 
ɪɚɡɜеɬɜɥеɧɧɵɦи ɜɤɥɸчеɧиɹɦи ɜɵɪɨɠɞеɧɧɨɣ ɷɜɬеɤɬиɤи (ɪиɫ. 8ɛ,ɜ). ɗɬи ɷɜɬеɤɬиɤи 
ɨɛɪɚɡɨɜɚɥиɫɶ ɜ ɪеɡɭɥɶɬɚɬе ɪɚɫɬɜɨɪеɧиɹ ɫɭɥɶɮиɞɧɨɣ чɚɫɬи ɤɨɦɩɥеɤɫɧɵɯ ɜɤɥɸчеɧиɣ иɥи 
ɝɥɨɛɭɥɹɪɧɵɯ ɫɭɥɶɮиɞɨɜ, ɪɚɫɩɨɥɨɠеɧɧɵɯ ɜ ɩɪиɥеɝɚɸɳеɣ ɡɨɧе. Ɉɛɪɚɡɨɜɚɜɲɚɹɫɹ ɩɨ 
ɝɪɚɧиɰɚɦ ɤɪɭɩɧɵɯ ɡеɪеɧ ɩɥеɧɤɚ ɪɚɫɩɥɚɜɚ ɫɧиɠɚеɬ ɤɨɝеɡиɜɧɭɸ ɩɪɨчɧɨɫɬɶ ɬɚɤиɯ ɝɪɚɧиɰ 
и ɨɧи ɪɚɫɤɪɵɜɚɸɬɫɹ ɩɨɞ ɜɨɡɞеɣɫɬɜиеɦ ɭɫɚɞɨчɧɵɯ ɧɚɩɪɹɠеɧиɣ Д9, 10Ж. Ɉɬɫɭɬɫɬɜие 
ɩɪиɡɧɚɤɨɜ ɞеɮɨɪɦɚɰии ɧɚ ɜɫɤɪɵɜɲиɯɫɹ ɝɪɚɧиɰɚɯ (ɪиɫ.8, ɜ) ɫɜиɞеɬеɥɶɫɬɜɭеɬ ɨ ɧɚɥичие 
ɜ ɪɚɫɩɥɚɜе ɫеɝɪеɝиɪɭɸɳиɯ ɥеɝɤɨɩɥɚɜɤиɯ ɷɥеɦеɧɬɨɜ, ɨɫɥɚɛɥɹɸɳиɯ ɷɬи ɝɪɚɧиɰɵ Д8, 10Ж. 
ɉеɪиɮеɪиɣɧɚɹ чɚɫɬɶ ɞеɮеɤɬɚ ɩɪеɞɫɬɚɜɥеɧɚ ɭчɚɫɬɤɚɦи ɜɹɡɤɨɝɨ ɦеɠɡеɪеɧɧɨɝɨ 

ɪɚɡɪɭɲеɧиɹ (ɪиɫ.8, ɝ), чɚɫɬичɧɨ ɨɛɪɚɡɨɜɚɜɲеɝɨɫɹ ɩɪи ɬеɦɩеɪɚɬɭɪɚɯ ɜɵɫɨɤɨɝɨ ɨɬɩɭɫɤɚ, 
чɚɫɬичɧɨ ɩɪи ɜɫɤɪɵɬии ɞеɮеɤɬɚ ɩеɪеɞ иɫɫɥеɞɨɜɚɧиеɦ. 

 

 
ɚ 

 
ɛ 

 
ɜ 

 
ɝ 

Ɋиɫɭɧɨɤ 8 – Ɇиɤɪɨɮɪɚɤɬɨɝɪɚɮиɹ ɝɨɪɹчиɯ ɬɪеɳиɧ ɥиɤɜɚɰиɨɧɧɨɝɨ ɩɪɨиɫɯɨɠɞеɧиɹ ɜ ɁɌȼ ɭ ɥиɧии 
ɫɩɥɚɜɥеɧиɹ ɜɚɥиɤɚ, ɜɵɩɨɥɧеɧɧɨɝɨ ɚɜɬɨɦɚɬичеɫɤɨɣ ɫɜɚɪɤɨɣ ɩɨɞ ɮɥɸɫɨɦ ɩɪи ɫɜɚɪɤе ɫɬɚɥи 10Ƚɇ2ɆɎȺ:  

ɚ) ɨɛɳиɣ ɜиɞ ɝɨɪɹчеɣ ɬɪеɳиɧɵ, иɦеɸɳеɣ ɦеɠɡеɪеɧɧɨе ɫɬɪɨеɧие (ɜ ɰеɧɬɪе – ɨчɚɝ ɜ ɜиɞе ɫɤɨɩɥеɧиɹ 
ɧеɦеɬɚɥɥичеɫɤиɯ ɜɤɥɸчеɧиɣ; ɜɧиɡɭ – ɭчɚɫɬɨɤ ɜɹɡɤɨɝɨ ɪɚɡɪɭɲеɧиɹ ɦеɬɚɥɥɚ ɲɜɚ (ɫɦ. ɪиɫ. 5ɚ), ɯ180;  

ɛ) ɨчɚɝ ɝɨɪɹчеɣ ɬɪеɳиɧɵ (ɫɬɪеɥɤɚɦи ɩɨɤɚɡɚɧɵ ɨɩɥɚɜɥеɧɧɵе ɩɨɜеɪɯɧɨɫɬи), ɯ1800; 
ɜ) ɞеɧɞɪиɬɵ ɜɵɪɨɠɞеɧɧɨɣ ɫɭɥɶɮиɞɧɨɣ ɷɜɬеɤɬиɤи ɧɚ ɨɩɥɚɜɥеɧɧɵɯ ɝɪɚɧиɰɚɯ ɡеɪеɧ, ɯ1500; 

ɝ) ɜɹɡɤɨе ɦеɠɡеɪеɧɧɨе ɪɚɡɪɭɲеɧие ɧɚ ɩеɪиɮеɪии ɝɨɪɹчеɣ ɬɪеɳиɧɵ ɜ ɡɨɧе, ɭɤɚɡɚɧɧɨɣ ɫɬɪеɥɤɚɦи ɧɚ ɪиɫɭɧɤе 

8ɚ, ɯ1800 [Microfractography of hot seams of liquidation origin near the roll fusion line, performed by automatic 

submerged arc welding when welding 10GN2MFA steel: a) a general view of a hot crack having an intergranular 

structure (in the center there is a focus in the form of accumulation of non-metallic inclusions; below is a section of 

viscous fracture of weld metal (see Fig. 5a), x180; b) hot crack area (arrows indicate melted surfaces), x1800; 

c) dendrites of a degenerate sulfide eutectic at the fused grain boundaries, x1500;d) viscous intergranular fracture at 

the periphery of a hot crack in the zone indicated by arrows in Figure 8a, x1800] 



34 ɄɈɅɈɄɈɅɈȼ и ɞɪ.  
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ȿɳе ɨɞиɧ ɮɚɤɬɨɪ, ɨɬɪиɰɚɬеɥɶɧɨ ɜɥиɹɸɳиɣ ɧɚ ɫɜɚɪиɜɚеɦɨɫɬɶ, – ɧɚɥичие ɩɪиɦеɫеɣ 
ɥеɝɤɨɩɥɚɜɤиɯ ɫɨɫɬɚɜɥɹɸɳиɯ ɜɨ ɮɥɸɫɚɯ, ɩɪиɦеɧɹеɦɵɯ ɩɪи ɚɜɬɨɦɚɬичеɫɤɨɣ ɫɜɚɪɤе ɩɨɞ 
ɮɥɸɫɨɦ (ȺɋɎ). ȼ ɧɚɫɬɨɹɳее ɜɪеɦɹ ɧɨɪɦɚɬиɜɧɚɹ ɞɨɤɭɦеɧɬɚɰиɹ (ɇɉ-104-18) ɧе 
ɩɪеɞɭɫɦɚɬɪиɜɚеɬ ɬɚɤɨɝɨ ɤɨɧɬɪɨɥɹ ɫɜɚɪɨчɧɵɯ ɦɚɬеɪиɚɥɨɜ Д11Ж. ȼ ɪеɡɭɥɶɬɚɬе, ɜɫɥеɞɫɬɜие 
ɥиɤɜɚɰии ɩɪи ɮɨɪɦиɪɨɜɚɧии ɤɪɭɩɧɵɯ ɞеɧɞɪиɬɨɜ ɩɪи ɫɜɚɪɤе, ɦɨɠеɬ ɩɪɨиɡɨɣɬи 
ɫɧиɠеɧие ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬи иɡ-ɡɚ ɦеɠɞеɧɞɪиɬɧɨɝɨ ɯɪɭɩɤɨɝɨ ɪɚɡɪɭɲеɧиɹ ɨɛɪɚɡɰɨɜ, 
иɫɩɵɬɚɧɧɵɯ ɩɨɫɥе ɩɪɨɜеɞеɧиɹ ɩɨɫɥеɫɜɚɪɨчɧɨɝɨ ɨɬɩɭɫɤɚ (ɪиɫ. 9). ɗɬɨ ɜɵɹɜɥɹеɬɫɹ ɩɪи 
ɦиɤɪɨɮɪɚɤɬɨɝɪɚɮичеɫɤиɯ иɫɫɥеɞɨɜɚɧиɹɯ ɧɚ ɪɚɫɬɪɨɜɨɦ ɷɥеɤɬɪɨɧɧɨɦ ɦиɤɪɨɫɤɨɩе. 

 

 
Ɋиɫɭɧɨɤ 9 – ɉɨɹɜɥеɧие ɜ иɡɥɨɦе ɦеɬɚɥɥɚ ɲɜɚ ɦеɠɞеɧɞɪиɬɧɨɝɨ ɯɪɭɩɤɨɝɨ ɪɚɡɪɭɲеɧиɹ ɧɚɪɹɞɭ ɫɨ ɫɤɨɥɨɦ: 

ɊɗɆ, ɯ500 [The appearance of the dendritic brittle fracture along with the chip in the fracture  

of the weld metal: x500] 

ɋɭɳеɫɬɜɭеɬ ɞɜɚ ɫɩɨɫɨɛɚ ɩɪеɞɨɬɜɪɚɳеɧиɹ ɭɤɚɡɚɧɧɨɝɨ ɹɜɥеɧиɹ. ɉеɪɜɵɣ – 

ɭɦеɧɶɲеɧие ɪɚɡɦеɪɚ ɩеɪɜичɧɵɯ ɞеɧɞɪиɬɨɜ, ɫɧиɠɚɸɳее ɤɨɧɰеɧɬɪɚɰиɸ 
ɨɯɪɭɩчиɜɚɸɳиɯ ɩɪиɦеɫеɣ ɫ ɨɞɧɨɜɪеɦеɧɧɵɦ ɩɨɜɵɲеɧиеɦ ɩɪɨчɧɨɫɬи ɩɭɬеɦ 
иɡɦеɥɶчеɧиеɦ ɡеɪɧɚ. ɗɬɨɝɨ ɦɨɠɧɨ ɞɨɛиɬɶɫɹ ɬеɯɧɨɥɨɝичеɫɤиɦи ɩɪиеɦɚɦи, 
ɧɚɩɪɚɜɥеɧɧɵɦи ɧɚ ɫɧиɠеɧие ɬеɩɥɨɜɥɨɠеɧиɹ иɥи ɩɭɬеɦ ɩеɪеɦеɲиɜɚɧиɹ ɦеɬɚɥɥɚ 
ɫɜɚɪɨчɧɨɣ ɜɚɧɧɵ, ɚ ɬɚɤɠе ɦɨɞиɮиɰиɪɨɜɚɧиеɦ ɲɜɚ. ȿɳе ɛɨɥее ɪɚɞиɤɚɥɶɧɵе ɫɩɨɫɨɛɵ – 

ɡɚɦеɧɚ ɩɪиɦеɧɹеɦɨɝɨ ɮɥɸɫɚ ɧɚ чиɫɬɵɣ ɤеɪɚɦичеɫɤиɣ, ɩɪиɦеɧеɧие ɩɨɪɨɲɤɨɜɵɯ 
ɩɪɨɜɨɥɨɤ ɫ ɦɨɞиɮиɰиɪɭɸɳиɦи ɞɨɛɚɜɤɚɦи Д12Ж.  
 

ɋɉɂɋɈɄ ɅɂɌȿɊȺɌУɊɕ 
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Abstract – The article shows that the segregation heterogeneity inherent in 10GN2MFA steel 

preforms causes the formation of sections enriched with alloying elements, impurities and 

nonmetallic inclusions, which leads to a pronounced structural heterogeneity and different 

tendency to recrystallize during pressure treatment, the formation of quenching structures, and hot 

cracks in the heat affected zones during the execution of the outer rollers during automatic 

submerged arc welding. Such behavior can also appears in the weld metal with increased heat 

input, and other deviations in technology that cause the formation of a large dendrite structure. 
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