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Резɸме 

ɐɟɥɶ ɪɚɛɨɬɵ – иɫɫледование влиɹниɹ каɱеɫɬва пеɪвоɪодной ɲиɯɬɵ на комплекɫ ɮизико-меɯаниɱеɫкиɯ и 
ɷкɫплɭаɬаɰионнɵɯ ɫвойɫɬв конɫɬɪɭкɰионной низколегиɪованной ɫɬали 30ХГСА. 
Мɟɬɨɞɵ. В каɱеɫɬве обɴекɬа иɫɫледованиɹ бɵл вɵбɪан ɬипиɱнɵй пɪедɫɬавиɬелɶ конɫɬɪɭкɰионнɵɯ низ-
колегиɪованнɵɯ ɫɬалей – ɫɬалɶ 30ХГСА, вɵплавленнаɹ ɫ иɫполɶзованием меɬаллизиɪованнɵɯ окаɬɵɲей 
гɭбɱаɬого железа, обɵɱного меɬаллиɱеɫкого лома и загоɬовки, полɭɱеннɵе меɬодом кипɹɳего ɲлакового 
ɫлоɹ. В ɫооɬвеɬɫɬвии ɫ поɫɬавленнɵми задаɱами иɫɫледованиɹ ɫɬалɶ 30ХГСА ɪазлиɱнɵɯ плавок, полɭɱен-
наɹ на ɪазлиɱной ɲиɯɬе, имела одинаковɵе ɭɫловиɹ вɵплавки, вакɭɭмиɪованиɹ, ɪаɫкиɫлениɹ, ɪазливки и 
кɪиɫɬаллизаɰии. Темпеɪаɬɭɪа ɪазливки ɫоɫɬавила 1600…1620 ℃, поɫле вакɭɭмной обɪабоɬки – 1530… 
1560 ℃. Длиɬелɶноɫɬɶ вакɭɭмиɪованиɹ – 5 минɭɬ. Разливкɭ плавок оɫɭɳеɫɬвлɹли в ɱɭгɭннɵе изложниɰɵ 
ɫиɮоном в ɬеɱение 4…5 минɭɬ. Раɫкиɫление пɪоводили в ковɲе алɸминием в колиɱеɫɬве 4…4,5 кг/плавкɭ. 
Поɫле заɬвеɪдеваниɹ ɫлиɬки оɯлаждали в ɫпеɰиалɶнɵɯ колодɰаɯ. Слиɬки ɪазɪезали на 3 ɱаɫɬи: головнɭɸ, 
ɫɪединнɭɸ и доннɭɸ (ɪазмеɪом 600×600 мм). Сɪеднɸɸ ɱаɫɬɶ заɬем в гоɪɹɱɭɸ ковали и каɬали до пɪɭɬка 
Ø30 мм. Длина пɪɭɬка ɫоɫɬавлɹла 2…3,4 м. Поɫле гоɪɹɱей деɮоɪмаɰии пɪɭɬки оɯлаждали на воздɭɯе. 
Ɋɟɡɭɥɶɬɚɬɵ. Пɪоведенɵ меɯаниɱеɫкие иɫпɵɬаниɹ. Вɵполнена ɫɬаɬиɫɬиɱеɫкаɹ обɪабоɬка ɷкɫпеɪимен-
ɬалɶнɵɯ ɪезɭлɶɬаɬов. Вɵɹвленɵ закономеɪноɫɬи изменениɹ ɯаɪакɬеɪиɫɬик меɯаниɱеɫкиɯ ɫвойɫɬв: вɪе-
менного ɫопɪоɬивлениɹ, пɪедела ɬекɭɱеɫɬи, оɬноɫиɬелɶного ɫɭжениɹ плоɳади попеɪеɱного ɫеɱениɹ об-
ɪазɰа, оɬноɫиɬелɶного ɭдлинениɹ наɱалɶной ɪабоɱей длинɵ, ɭдаɪной вɹзкоɫɬи (σВ, σ0,2, ψ, δ, aН).  
Зɚɤɥɸɱɟɧɢɟ. Уɫɬановлено, ɱɬо ɫ возɪаɫɬанием ɬемпеɪаɬɭɪɵ меɯаниɱеɫкие ɫвойɫɬва ɫɬали 30ХГСА, 
вɵплавленной на ɪазлиɱнɵɯ ɲиɯɬаɯ, ɭменɶɲаɸɬɫɹ. Поɪог ɯладноломкоɫɬи ɫɬали 30ХГСА ниже ɭ более 
ɱиɫɬɵɯ плавок на гɭбɱаɬом железе и полɭпɪодɭкɬе КШС, велиɱина ɭдаɪной вɹзкоɫɬи пɪи низкиɯ ɬемпе-
ɪаɬɭɪаɯ вɵɲе, ɱем в плавке на обɵɱной меɬаллизованной ɲиɯɬе. Замеɬное ɪазɭпɪоɱнение наɱинаеɬɫɹ ɫ 
ɬемпеɪаɬɭɪɵ оɬпɭɫка ɪавной 300 ℃. Темпеɪаɬɭɪа макɫималɶной оɬпɭɫкной ɯɪɭпкоɫɬи длɹ ɫɬали 30ХГСА, 
вɵплавленной на обɵɱной меɬаллизованной ɲиɯɬе, ɫоɫɬавлɹеɬ 550 ℃. Показано, ɱɬо ɫɬалɶ 30ХГСА, 
вɵплавленнаɹ на ɱиɫɬой пеɪвоɪодной ɲиɯɬе (гɭбɱаɬое железо), имееɬ менɶɲɭɸ ɫклонноɫɬɶ к оɬпɭɫкной 
ɯɪɭпкоɫɬи, ɱем ɫɬалɶ, вɵплавленнаɹ на обɵɱной ɲиɯɬе. Велиɱина ɭдаɪной вɹзкоɫɬи ɫɬали ɷɬой плавки 
вɵɲе, ɱем ɫɬали обɵɱной вɵплавки во вɫем инɬеɪвале ɬемпеɪаɬɭɪ оɬпɭɫка. 
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Abstract 

Purpose of reseach is to study the influence of the quality of the original charge on the complex of physical, me-
chanical and operational properties of structural low-alloy steel 30HGSA. 
Methods. As an object of research, a typical representative of low-alloy structural steels has been chosen - steel 30HGSA, 
smelted using metallized sponge iron pellets, ordinary scrap metal and billets obtained by the method of a boiling slag layer. 
In accordance with the set objectives of the study, steel 30HGSA of various melts, obtained with different charge, had the 
same conditions for melting, evacuation, deoxidation, casting and crystallization. The casting temperature was 1600… 1620 
℃ and the post-vacuum treatment temperature was 1530… 1560 ℃. Duration of evacuation - 5 minutes. Casting of melts 
was carried out into cast iron molds with a siphon for 4 ... 5 minutes. Deoxidation was carried out in a ladle with aluminum in 
the amount of 4 ... 4.5 kg / melt. After solidification, the ingots were cooled in special wells. The ingots were cut into 3 parts: 
head, middle and bottom (600 × 600 mm). The middle part was then hot forged and rolled to a Ø30 mm bar. The length of 
the rod was 2 ... 3.4 m. After hot deformation, the rods were cooled in air. 
Results. Mechanical tests have been carried out. Statistical processing of experimental results has been performed. 
Regularities of changes in the characteristics of mechanical properties have been revealed: tensile strength, creep 
strength, relative narrowing of the cross-sectional area of the sample, relative elongation of the initial working length, 
impact strength (σВ, σ0.2, ψ, δ, aН).  
Conclusion. It has been found that with an increase in temperature, the mechanical properties of steel 30HGSA, smelt-
ed on various charges, decrease. It has been established that the cold brittleness threshold of 30HGSA steel is lower for 
purer melts on spongy iron and intermediate product KShS, the value of impact toughness at low temperatures is higher 
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than in melting on a conventional metallized charge. Noticeable softening begins at a tempering temperature of 300 ℃. 
The temperature of the maximum tempering brittleness for steel 30HGSA, melted on a conventional metallized charge, 
is 550 ℃. It is shown that steel 30HGSA smelted with a pure original charge (spongy iron) has a lower tendency to tem-
per brittleness than steel smelted with a conventional charge. The value of the impact toughness of the steel of this melt 
is higher than that of the steel of conventional melting over the entire tempering temperature range. 
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Введение 

ɉɨɫɬɨɹɧɧɨ ɩɨɜɵɲɚɸɳɢɟɫɹ ɬɪɟɛɨ-
ɜɚɧɢɹ ɤ ɤɚɱɟɫɬɜɭ ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤ-
ɰɢɢ ɱɟɪɧɨɣ ɢ ɰɜɟɬɧɨɣ ɦɟɬɚɥɥɭɪɝɢɢ ɫɬɚ-
ɜɹɬ ɩɟɪɟɞ ɢɧɠɟɧɟɪɚɦɢ-ɬɟɯɧɨɥɨɝɚɦɢ ɡɚ-
ɞɚɱɭ ɩɨɥɭɱɟɧɢɹ ɫɬɚɥɟɣ ɢ ɫɩɥɚɜɨɜ, ɨɛɥɚ-
ɞɚɸɳɢɯ ɜɵɫɨɤɢɦ ɤɨɦɩɥɟɤɫɨɦ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ ɷɤɫ-
ɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɢ ɫɩɨɫɨɛɧɵɯ 
ɜɨɫɩɪɢɧɢɦɚɬɶ ɞɥɢɬɟɥɶɧɨ ɞɟɣɫɬɜɭɸɳɢɟ 
ɫɬɚɬɢɱɟɫɤɢɟ, ɞɢɧɚɦɢɱɟɫɤɢɟ ɢ ɰɢɤɥɢɱɟ-
ɫɤɢɟ ɧɚɝɪɭɡɤɢ ɛɟɡ ɪɚɡɪɭɲɟɧɢɹ. 

Ɉɞɧɢɦ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ 
ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɫɬɚɥɟɣ 
ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɨɰɟɫɫɟ ɟɟ ɜɵ-
ɩɥɚɜɤɢ ɱɢɫɬɨɣ ɩɟɪɜɨɪɨɞɧɨɣ ɲɢɯɬɵ, 
ɫɜɨɛɨɞɧɨɣ ɢɥɢ ɩɨɱɬɢ ɫɜɨɛɨɞɧɨɣ ɨɬ 
ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ [1, 2]. ɉɪɢɱɟɦ, ɩɨ 
ɦɧɟɧɢɸ А.ɉ. Гɭɥɹɟɜɚ [2], ɛɨɥɟɟ ɜɚɠɧɨ 
ɢɦɟɬɶ ɱɢɫɬɭɸ ɲɢɯɬɭ, ɱɟɦ ɭɞɚɥɹɬɶ ɫɟɪɭ 
ɢ ɝɚɡɵ ɫɥɨɠɧɵɦɢ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɦɢ 
ɩɪɢɟɦɚɦɢ. 

Ɉ ɩɪɢɱɢɧɟ ɭɥɭɱɲɟɧɢɹ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɬɚɥɢ, ɜɵɩɥɚɜ-

ɥɟɧɧɨɣ ɧɚ ɩɟɪɜɨɪɨɞɧɨɣ ɲɢɯɬɟ, ɛɨɥɶ-
ɲɢɧɫɬɜɨ ɚɜɬɨɪɨɜ ɜɵɫɤɚɡɵɜɚɸɬɫɹ ɨɫɬɨ-
ɪɨɠɧɨ ɢ ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ. Ɉɞɧɢ ɜɢ-
ɞɹɬ ɩɪɢɱɢɧɭ ɜ ɦɟɧɶɲɟɦ ɫɨɞɟɪɠɚɧɢɢ 
ɩɪɢɦɟɫɟɣ ɢ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɜɤɥɸɱɟ-
ɧɢɣ [3-5]; ɞɪɭɝɢɟ ɫɱɢɬɚɸɬ, ɱɬɨ ɢɡɦɟɧɟ-
ɧɢɟ ɫɜɨɣɫɬɜ ɫɬɚɥɢ, ɜɵɩɥɚɜɥɟɧɧɨɣ ɧɚ 
ɩɟɪɜɨɪɨɞɧɨɣ ɲɢɯɬɟ, ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ 
ɛɨɥɶɲɟɝɨ ɪɨɫɬɚ ɡɟɪɧɚ ɩɪɢ ɧɚɝɪɟɜɟ, ɱɟɦ 
ɭ ɫɬɚɥɢ, ɜɵɩɥɚɜɥɟɧɧɨɣ ɧɚ ɥɨɦɟ [1, 2]. 
Бɨɥɶɲɢɧɫɬɜɨ ɚɜɬɨɪɨɜ ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ 
ɨɫɨɛɵɟ ɫɜɨɣɫɬɜɚ ɫɬɚɥɢ, ɜɵɩɥɚɜɥɟɧɧɨɣ 
ɧɚ ɲɢɯɬɟ ɩɪɹɦɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, ɜɵ-
ɡɜɚɧɵ ɫɬɪɨɟɧɢɟɦ, ɱɢɫɬɨɬɨɣ ɫɬɚɥɢ ɢ ɫɨ-
ɫɬɨɹɧɢɟɦ ɝɪɚɧɢɰ ɡɟɪɟɧ [1, 2, 4]. Ɉɞɧɚɤɨ 
ɜɩɥɨɬɶ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɟɬ ɱɟɬ-
ɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɩɪɢɱɢɧɟ ɬɚɤɨɝɨ 
ɜɥɢɹɧɢɹ ɲɢɯɬɵ ɧɚ ɫɜɨɣɫɬɜɚ ɫɬɚɥɟɣ. 

ɐɟɥɶ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨ-
ɜɚɧɢɟ ɜɥɢɹɧɢɹ ɤɚɱɟɫɬɜɚ ɩɟɪɜɨɪɨɞɧɨɣ 
ɲɢɯɬɵ ɧɚ ɤɨɦɩɥɟɤɫ ɮɢɡɢɤɨ-ɦɟɯɚɧɢ-
ɱɟɫɤɢɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɣ ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɨɣ 
ɫɬɚɥɢ 30ɏГɋА. 
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В ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɛɵɥ ɜɵɛɪɚɧ ɬɢɩɢɱɧɵɣ ɩɪɟɞɫɬɚɜɢɬɟɥɶ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɵɯ 
ɫɬɚɥɟɣ – ɫɬɚɥɶ 30ɏГɋА, ɜɵɩɥɚɜɥɟɧɧɚɹ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɚɥɥɢɡɢɪɨɜɚɧɧɵɯ  

 
ɨɤɚɬɵɲɟɣ ɝɭɛɱɚɬɨɝɨ ɠɟɥɟɡɚ (ГЖ), 
ɨɛɵɱɧɨɣ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɲɢɯɬɵ (ɈМɒ) 
ɢ ɦɟɬɨɞɨɦ ɤɢɩɹɳɟɝɨ ɲɥɚɤɨɜɨɝɨ ɫɥɨɹ 
(Кɒɋ). ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɚ ɩɥɚɜɨɤ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. 

 

Таблица 1. Химиɱеɫкий ɫɨɫɬав и ɯаɪакɬеɪиɫɬика иɫɫледɭемɵɯ ɩлавɨк 

Table 1. Chemical composition and characteristics of the studied melts 

ʋ 
ɩɥɚɜɤɢ 

ɒɢɯɬɚ 
Вɧɟɩɟɱɧɚɹ ɨɛɪɚ-
ɛɨɬɤɚ ɜɚɤɭɭɦɨɦ 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, % 
C Mn Si S P Cu Ni Cr 

1 ГЖ ɫ ɨɛɪɚɛɨɬɤɨɣ 0,34 0,87 1,10 0,006 0,018 0,02 0,08 0,87 
2 Кɒɋ ɛɟɡ ɨɛɪɚɛɨɬɤɢ 0,29 0,89 0,91 0,009 0,017 0,04 0,05 1,10 
3 ɈМɒ ɫ ɨɛɪɚɛɨɬɤɨɣ 0,34 1,02 0,98 0,011 0,017 0,16 0,12 0,87 
 
В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɬɚɜɥɟɧɧɵɦɢ 

ɡɚɞɚɱɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɚɥɶ 30ɏГɋА 
ɪɚɡɥɢɱɧɵɯ ɩɥɚɜɨɤ, ɜɵɩɥɚɜɥɟɧɧɚɹ ɧɚ 
ɪɚɡɥɢɱɧɨɣ ɲɢɯɬɟ, ɢɦɟɥɚ ɨɞɢɧɚɤɨɜɵɟ 
ɭɫɥɨɜɢɹ ɜɵɩɥɚɜɤɢ, ɜɚɤɭɭɦɢɪɨɜɚɧɢɹ, 
ɪɚɫɤɢɫɥɟɧɢɹ, ɪɚɡɥɢɜɤɢ ɢ ɤɪɢɫɬɚɥɥɢɡɚ-
ɰɢɢ. Ɍɟɦɩɟɪɚɬɭɪɚ ɪɚɡɥɢɜɤɢ ɫɨɫɬɚɜɢɥɚ 
1600…1620 ႏ, ɩɨɫɥɟ ɜɚɤɭɭɦɧɨɣ ɨɛɪɚ-
ɛɨɬɤɢ – 1530…1560 ႏ. Дɥɢɬɟɥɶɧɨɫɬɶ 
ɜɚɤɭɭɦɢɪɨɜɚɧɢɹ – 5 ɦɢɧɭɬ. Ɋɚɡɥɢɜɤɭ 
ɩɥɚɜɨɤ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɱɭɝɭɧɧɵɟ ɢɡ-
ɥɨɠɧɢɰɵ ɫɢɮɨɧɨɦ ɜ ɬɟɱɟɧɢɟ 4…5 ɦɢ-
ɧɭɬ. Ɋɚɫɤɢɫɥɟɧɢɟ ɩɪɨɜɨɞɢɥɢ ɜ ɤɨɜɲɟ 
ɚɥɸɦɢɧɢɟɦ ɜ ɤɨɥɢɱɟɫɬɜɟ 4…4,5 ɤɝ/ɩɥɚɜ-
ɤɭ. ɉɨɫɥɟ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɫɥɢɬɤɢ ɨɯɥɚ-
ɠɞɚɥɢ ɜ ɫɩɟɰɢɚɥɶɧɵɯ ɤɨɥɨɞɰɚɯ. ɋɥɢɬɤɢ 
ɪɚɡɪɟɡɚɥɢ ɧɚ 3 ɱɚɫɬɢ: ɝɨɥɨɜɧɭɸ, ɫɪɟ-
ɞɢɧɧɭɸ ɢ ɞɨɧɧɭɸ (ɪɚɡɦɟɪɨɦ 
600×600 ɦɦ). ɋɪɟɞɧɸɸ ɱɚɫɬɶ ɡɚɬɟɦ ɜ 
ɝɨɪɹɱɭɸ ɤɨɜɚɥɢ ɢ ɤɚɬɚɥɢ ɞɨ ɩɪɭɬɤɚ 
Ø30 ɦɦ. Дɥɢɧɚ ɩɪɭɬɤɚ ɫɨɫɬɚɜɥɹɥɚ 
2…3,4 ɦ. ɉɨɫɥɟ ɝɨɪɹɱɟɣ ɞɟɮɨɪɦɚɰɢɢ 
ɩɪɭɬɤɢ ɨɯɥɚɠɞɚɥɢ ɧɚ ɜɨɡɞɭɯɟ. 

Дɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɫɬɚɥɢ 30ɏГɋА ɩɪɨɜɨɞɢɥɢ ɢɫ-
ɩɵɬɚɧɢɹ ɧɚ ɨɞɧɨɨɫɧɨɟ ɪɚɫɬɹɠɟɧɢɟ, 
ɭɞɚɪɧɵɣ ɢɡɝɢɛ ɢ ɢɡɦɟɪɟɧɢɟ ɬɜɟɪɞɨɫɬɢ. 
Ɉɬɛɨɪ ɨɛɪɚɡɰɨɜ (5 ɲɬɭɤ ɨɬ ɤɚɠɞɨɣ 
ɩɥɚɜɤɢ) ɞɥɹ ɢɫɩɵɬɚɧɢɣ ɧɨɫɢɥ ɫɥɭɱɚɣ-
ɧɵɣ ɯɚɪɚɤɬɟɪ, ɱɬɨ ɨɛɹɡɚɬɟɥɶɧɨ ɞɥɹ ɩɨ-
ɥɭɱɟɧɢɹ ɧɚɞɟɠɧɨɝɨ ɢ ɬɨɱɧɨɝɨ ɪɟɡɭɥɶɬɚ-
ɬɚ. ɍɞɚɪɧɭɸ ɜɹɡɤɨɫɬɶ ɢɡɦɟɪɹɥɢ ɜ ɞɢɚɩɚ-
ɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ –80…+20 ႏ (ɱɟɪɟɡ 
ɤɚɠɞɵɟ 20 ႏ). Иɫɩɵɬɚɧɢɹ ɧɚ ɪɚɫɬɹɠɟ-
ɧɢɟ ɜɵɩɨɥɧɹɥɢ ɧɚ ɪɚɡɪɵɜɧɨɣ ɦɚɲɢɧɟ Ɋ-
5, ɚ ɧɚ ɭɞɚɪɧɵɣ ɢɡɝɢɛ – ɧɚ ɦɚɹɬɧɢɤɨɜɨɦ 
ɤɨɩɪɟ МК-30А. Ɉɛɪɚɡɰɵ ɩɟɪɟɞ ɢɫɩɵɬɚ-
ɧɢɹɦɢ ɩɨɞɜɟɪɝɚɥɢ ɫɥɟɞɭɸɳɟɣ ɬɟɪɦɢɱɟ-
ɫɤɨɣ ɨɛɪɚɛɨɬɤɟ – ɡɚɤɚɥɤɚ ɨɬ t = 880 ႏ ɜ 
ɫɟɥɢɬɪɭ ɞɨ t = 180 ႏ, τ = 15 ɦɢɧ; ɡɚɬɟɦ 
ɡɚɦɨɱɤɚ ɜ ɜɨɞɟ; ɨɬɩɭɫɤ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨ-
ɞɢɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 100…700 ႏ 
(ɱɟɪɟɡ 100 ႏ), τ = 2 ɱɚɫɚ, ɨɯɥɚɠɞɟɧɢɟ 
ɧɚ ɜɨɡɞɭɯɟ. 

Вɢɞɵ ɨɛɪɚɡɰɨɜ ɞɥɹ ɢɫɩɵɬɚɧɢɣ ɧɚ 
ɨɞɧɨɨɫɧɨɟ ɪɚɫɬɹɠɟɧɢɟ ɢ ɭɞɚɪɧɵɣ ɢɡɝɢɛ 
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ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1. ɉɨɫɥɟ ɢɫɩɵɬɚɧɢɣ 
ɜɵɱɢɫɥɹɥɢ ɫɥɟɞɭɸɳɢɟ ɜɟɥɢɱɢɧɵ: ɜɪɟ-
ɦɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ (σВ, Мɉɚ), ɨɬɧɨ-
ɫɢɬɟɥɶɧɨɟ ɫɭɠɟɧɢɟ (ψ, %), ɨɬɧɨɫɢɬɟɥɶ-
ɧɨɟ ɭɞɥɢɧɟɧɢɟ (δ, %) ɢ ɭɞɚɪɧɭɸ ɜɹɡ-
ɤɨɫɬɶ (aɇ, Дɠ/ɫɦ2). 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɫɬɚɬɢɫɬɢɱɟɫɤɭɸ 
ɨɛɪɚɛɨɬɤɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɟɡɭɥɶ-
ɬɚɬɨɜ ɩɪɨɜɨɞɢɥɢ ɩɨ ɦɟɬɨɞɢɤɚɦ, ɩɪɢɜɟ-
ɞɟɧɧɵɦ ɜ [6, 7, 8, 9]. 

Дɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɬɩɭɫɤɧɨɣ ɯɪɭɩ-
ɤɨɫɬɢ ɫɬɚɥɢ 30ɏГɋА ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɨɛ-
ɪɚɡɰɵ ɞɥɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɭɞɚɪɧɭɸ ɜɹɡ-
ɤɨɫɬɶ ɬɢɩɚ I ɪɚɡɦɟɪɚɦɢ 44×10×10 ɦɦ, 

ɤɨɬɨɪɵɟ ɩɨɞɜɟɪɝɚɥɢ ɡɚɤɚɥɤɟ ɨɬ 
t = 880 ႏ ɜ ɫɟɥɢɬɪɭ ɞɨ t = 180 ႏ, 
τ = 15 ɦɢɧ. ɋɬɪɭɤɬɭɪɚ ɫɬɚɥɢ ɩɨɫɥɟ ɬɚɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɦɚɪɬɟɧɫɢɬ ɢ 
ɨɫɬɚɬɨɱɧɵɣ ɚɭɫɬɟɧɢɬ (HRC 47–49). Ɉɬ-
ɩɭɫɤ ɩɪɨɜɨɞɢɥɢ ɜ ɤɚɦɟɪɧɨɣ ɩɟɱɢ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ 500, 520, 525, 530, 535, 
540, 545, 550, 555, 560, 570, 580, 600 ႏ 
ɩɚɪɬɢɹɦɢ ɩɨ 15 ɲɬɭɤ (ɩɨ 5 ɨɛɪɚɡɰɨɜ ɨɬ 
ɤɚɠɞɨɣ ɩɥɚɜɤɢ). ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɨɬɩɭɫɤɚ 2 ɱɚɫɚ, ɚ ɡɚɬɟɦ ɦɟɞɥɟɧɧɨɟ 
ɨɯɥɚɠɞɟɧɢɟ ɫ ɩɟɱɶɸ ɜ ɬɟɱɟɧɢɟ ɬɪɟɯ ɱɚ-
ɫɨɜ. ɉɨɫɥɟ ɨɬɩɭɫɤɚ ɫɬɪɭɤɬɭɪɚ ɫɬɚɥɢ 
ɫɨɪɛɢɬɨ-ɬɪɨɨɫɬɢɬɧɚɹ. 

 
ɚ) 

 
ɛ) 

Рис. 1. Видɵ ɨбɪазɰɨв длɹ меɯаɧиɱеɫкиɯ иɫɩɵɬаɧий: а – ɧа ɨдɧɨɨɫɧɨе ɪаɫɬɹжеɧие;  
б – ɧа ɭдаɪɧɵй изгиб 

Fig. 1. Specimens for mechanical testing: a – uniaxial tension; б – the impact strength 

Ɍɚɤɠɟ ɩɪɨɜɨɞɢɥɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɯɥɚɞ-
ɧɨɥɨɦɤɨɫɬɢ ɫɬɚɥɢ 30ɏГɋА ɩɨɫɥɟ ɩɪɨɜɟ-
ɞɟɧɢɹ ɝɨɪɹɱɟɣ ɞɟɮɨɪɦɚɰɢɢ, ɭɥɭɱɲɟɧɢɹ ɢ 

ɨɯɪɭɩɱɢɜɚɸɳɟɝɨ ɨɬɩɭɫɤɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭ-
ɪɟ 550 ႏ ɜ ɬɟɱɟɧɢɟ 50 ɱɚɫɨɜ. 
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Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɦɟɯɚɧɢɱɟ-
ɫɤɢɯ ɫɜɨɣɫɬɜ ɫɬɚɥɢ 30ɏГɋА ɪɚɡɥɢɱɧɵɯ 
ɩɥɚɜɨɤ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2. 

Иɡ ɚɧɚɥɢɡɚ ɬɚɛɥ. 2 ɜɢɞɧɨ, ɱɬɨ ɩɨɫɥɟ 
ɡɚɤɚɥɤɢ ɢ ɞɜɭɯɱɚɫɨɜɨɝɨ ɨɬɩɭɫɤɚ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 100…700 ႏ ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ (σВ, σ0,2, ψ, δ, aɇ) ɨɛɪɚɡɰɨɜ ɪɚɡ-
ɥɢɱɧɵɯ ɩɥɚɜɨɤ ɢɡɦɟɧɹɸɬɫɹ ɨɬ ɬɟɦɩɟɪɚ-

ɬɭɪɵ ɡɚɤɨɧɨɦɟɪɧɨ, ɡɚɦɟɬɧɨɟ ɪɚɡɭɩɪɨɱ-
ɧɟɧɢɟ ɧɚɱɢɧɚɟɬɫɹ ɫ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬɩɭɫ-
ɤɚ, ɪɚɜɧɨɣ 300 ႏ. ɉɨ ɩɪɟɞɟɥɭ ɩɪɨɱɧɨ-
ɫɬɢ, ɨɬɧɨɫɢɬɟɥɶɧɨɦɭ ɭɞɥɢɧɟɧɢɸ ɢ ɬɜɟɪ-
ɞɨɫɬɢ ɪɚɡɥɢɱɢɣ ɜ ɩɥɚɜɤɚɯ ɧɟ ɧɚɛɥɸɞɚ-
ɟɬɫɹ. ɋɬɚɥɶ, ɜɵɩɥɚɜɥɟɧɧɚɹ ɧɚ ɩɟɪɜɨɪɨɞ-
ɧɨɣ ɲɢɯɬɟ (ɩɥɚɜɤɚ ʋ 1 ɧɚ ГЖ) ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɨɬɩɭɫɤɚ 450 ႏ, ɢɦɟɟɬ ɛɨ-
ɥɟɟ ɜɵɫɨɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɚɫɬɢɱɧɨ-
ɫɬɢ (ψ) ɢ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ (aɇ). 

 

Таблица 2. Меɯаɧиɱеɫкие ɫвɨйɫɬва ɫɬали 30ХГСА в завиɫимɨɫɬи ɨɬ ɬемɩеɪаɬɭɪɵ ɨɬɩɭɫка и вида ɲиɯɬɵ 

Table 2. Mechanical properties of 30HGSA steel depending on the tempering temperature and the type  
of charge 

Мɟɯɚɧɢɱɟɫɤɢɟ  
ɫɜɨɣɫɬɜɚ ɒɢɯɬɚ Зɚɤɚɥɤɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɬɩɭɫɤɚ, ႏ 

100 200 300 400 500 600 700 

HRC 
ГЖ 48 48 48,6 56 53 57 62 68 

Кɒɋ 49 53,60 53,80 56,80 58 58 62 69 
ɈМɒ 50,50 49 53,6 55,80 56 52 59 67 

σB, Мɉɚ 
ГЖ 1730 1750 1700 1608 1400 1120 920 740 

Кɒɋ 1770 1770 1710 1592 – – 930 750 
ɈМɒ 1700 1724 1650 1666 930 – 930 760 

δ, % 
ГЖ 9,40 13 13 12 13,40 15 20 25 

Кɒɋ 10,80 13,60 14,30 12,30 12,30 14 19 25 
ɈМɒ 12 14,30 14,70 12 13 13 18 25 

ψ, % 
ГЖ 42 48 48,60 56 53 57 62 68 

Кɒɋ 53,40 53,60 53,80 56,80 58 58 62 69 
ɈМɒ 49,60 49 53,60 55,80 56 52 59 67 

aɇ, Дɠ/ɫɦ2 
ГЖ 70 73 77 75 76 112 226 243 

Кɒɋ 78 83 85 94 72 102 176 224 
ɈМɒ 80 86 88 100 89 88 177 232 

 
Вɵɹɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚ-

ɬɭɪɚɯ ɨɬɩɭɫɤɚ ɢ ɨɫɨɛɟɧɧɨ ɩɨɫɥɟ ɡɚɤɚɥɤɢ 
ɧɚɛɥɸɞɚɟɬɫɹ ɪɚɡɧɨɫɬɶ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨɦ 
ɫɭɠɟɧɢɢ. 

Кɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɫɬɚɥɶ 
30ɏГɋА ɪɚɡɧɵɯ ɩɥɚɜɨɤ ɪɚɡɥɢɱɚɟɬɫɹ ɢ 
ɩɨ ɜɟɥɢɱɢɧɟ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ ɩɪɢ ɬɟɦ-

ɩɟɪɚɬɭɪɟ ɨɬɩɭɫɤɚ ɜɵɲɟ 450 ႏ. 
ɇɚɢɛɨɥɶɲɟɟ ɪɚɡɥɢɱɢɟ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 600 ႏ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɟɠɞɭ ɫɬɚɥɶɸ, ɜɵ-
ɩɥɚɜɥɟɧɧɨɣ ɧɚ ГЖ ɢ ɈМɒ ɩɨ ɭɞɚɪɧɨɣ 
ɜɹɡɤɨɫɬɢ, ɫɭɳɟɫɬɜɭɟɬ ɡɧɚɱɢɦɨɟ ɪɚɡɥɢɱɢɟ. 
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Ɋɚɡɥɢɱɢɟ ɜ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ ɫɭɳɟ-
ɫɬɜɭɟɬ ɢ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɩɪɢ ɩɨɧɢɠɟɧ-
ɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (ɬɚɛɥ. 3). 

Дɚɥɟɟ ɢɫɫɥɟɞɨɜɚɥɢ ɜɥɢɹɧɢɟ ɤɚɱɟ-
ɫɬɜɚ ɢɫɯɨɞɧɨɣ ɲɢɯɬɵ ɧɚ ɫɤɥɨɧɧɨɫɬɶ 
ɫɬɚɥɢ 30ɏГɋА ɤ ɨɬɩɭɫɤɧɨɣ ɯɪɭɩɤɨɫɬɢ ɢ 

ɯɥɚɞɧɨɥɨɦɤɨɫɬɢ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɩɪɟ-
ɞɟɥɟɧɢɹ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ ɩɨɫɥɟ ɨɬɩɭɫ-
ɤɚ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 500…600 ႏ 
ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɦɚɤɫɢ-
ɦɚɥɶɧɨɣ ɯɪɭɩɤɨɫɬɢ (ɪɢɫ. 2), ɤɨɬɨɪɚɹ ɫɨ-
ɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚɱɟɧɢɸ 550 ႏ. 

Таблица 3. Удаɪɧаɹ вɹзкɨɫɬɶ ɫɬали 30ХГСА ɩɪи ɧизкиɯ ɬемɩеɪаɬɭɪаɯ 

Table 3. Impact strength of steel 30HGSA at low temperatures 

aɇ, 
Дɠ/ɫɦ2 

ɒɢɯɬɚ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɢɫɩɵɬɚɧɢɣ, ႏ 

+20 0 –20 –40 –60 –80 
ГЖ 195 154 121 86 59 56 

Кɒɋ 170 145 115 88 58 54 
ɈМɒ 1,0 118 89 53 48 51 

 
 

 
Рис. 2. Влиɹɧие ɲиɯɬɵ ɧа ɨɬɩɭɫкɧɭɸ ɯɪɭɩкɨɫɬɶ ɫɬали 30ХГСА: 1 – ɩлавка ɧа ГЖ;  

2 – ɩлавка ɧа ɩɨлɭɩɪɨдɭкɬе КШС; 3 –  ɩлавка ɧа ОМШ 

Fig. 2. The effect of the charge on the release brittleness of steel 30HGSA: 1 –  melting on GZH;  
2 – melting on KSHS semi-product; 3 – melting on OMSH 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɯɪɭɩɱɢɜɚɧɢɹ 
550 ႏ ɨɬɩɭɫɤɚɥɢ ɩɚɪɬɢɸ ɢɡ 63 ɨɛɪɚɡ-
ɰɨɜ ɜ ɬɟɱɟɧɢɟ 50 ɱɚɫɨɜ (ɩɨ 21 ɨɛɪɚɡɰɭ 
ɨɬ ɩɥɚɜɤɢ) ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɦɟɞɥɟɧɧɵɦ 
ɨɯɥɚɠɞɟɧɢɟɦ ɫ ɩɟɱɶɸ (τ = 3,5 ɱɚɫɚ). Иɫ-
ɩɵɬɚɧɢɹ ɨɛɪɚɛɨɬɚɧɧɵɯ ɨɛɪɚɡɰɨɜ (ɩɨ  

3 ɨɛɪɚɡɰɚ ɨɬ ɩɥɚɜɤɢ) ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɬɟɦ-
ɩɟɪɚɬɭɪɚɯ –80…+20 ႏ (ɱɟɪɟɡ 20 ႏ).  
В ɤɚɱɟɫɬɜɟ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ 
ɩɪɢɦɟɧɹɥɢ ɫɦɟɫɶ ɫɭɯɨɝɨ ɥɶɞɚ ɫ ɛɟɧɡɢ-
ɧɨɦ. Иɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɜɨɞɢ-
ɥɢ ɫ ɬɨɱɧɨɫɬɶɸ ±1 ႏ. Вɵɞɟɪɠɤɚ ɨɛɪɚɡ-
ɰɨɜ ɜ ɬɟɪɦɨɫɬɚɬɟ ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚ-
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ɬɭɪɟ ɧɟ ɦɟɧɟɟ 15 ɦɢɧɭɬ; ɜɪɟɦɹ ɭɫɬɚɧɨɜ-
ɤɢ ɡɚɦɨɪɨɠɟɧɧɨɝɨ ɨɛɪɚɡɰɚ ɜ ɤɨɩɟɪ ɫ 
ɦɨɦɟɧɬɚ ɢɡɜɥɟɱɟɧɢɹ ɢɡ ɜɚɧɧɵ ɞɨ ɭɞɚɪɚ 
ɦɚɹɬɧɢɤɚ 2…3 ɫɟɤɭɧɞɵ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɭɞɚɪɧɭɸ 
ɜɹɡɤɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 3. В ɤɚ-

ɱɟɫɬɜɟ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ-
ɦɟɧɹɥɢ ɨɛɪɚɛɨɬɤɭ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟ-
ɧɢɣ ɦɟɬɨɞɨɦ ɞɜɨɣɧɨɝɨ ɥɢɧɟɣɧɨɝɨ ɫɝɥɚ-
ɠɢɜɚɧɢɹ ɩɨ ɬɪɟɦ ɬɨɱɤɚɦ [6]. ɋɯɟɦɚ ɨɛ-
ɪɚɛɨɬɤɢ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
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Рис. 3. Завиɫимɨɫɬɶ ɭдаɪɧɨй вɹзкɨɫɬи ɨɬ ɬемɩеɪаɬɭɪɵ ɨɬɩɭɫка ɫɬали 30ХГСА: 

1 –  ɩлавка ɧа ГЖ; 2 – ɩлавка ɧа ɩɨлɭɩɪɨдɭкɬе КШС; 3 – ɩлавка ɧа ОМШ 

Fig. 3. Dependence of the impact strength on the tempering temperature of steel 30HGSA: 
1 – melting on GZH; 2 – melting on Kshs semi-product; 3 – melting on OMSH 

Ɉɤɨɧɱɚɬɟɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɭɞɚɪ-
ɧɨɣ ɜɹɡɤɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬɩɭɫɤɚ ɢ 
ɱɢɫɬɨɬɵ ɲɢɯɬɵ ɢɦɟɟɬ ɜɢɞ ɤɪɢɜɵɯ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫ. 3 (ɤɪɨɦɟ ɩɥɚɜɤɢ 
ɧɚ ɩɨɥɭɩɪɨɞɭɤɬɟ Кɒɋ), ɢ ɧɚɩɨɦɢɧɚɟɬ 
ɡɚɜɢɫɢɦɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɟ ɚɜɬɨɪɨɦ ɪɚ-
ɛɨɬɵ [10]. Аɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ ɭɞɚɪ-
ɧɨɣ ɜɹɡɤɨɫɬɢ ɫɬɚɥɢ 30ɏГɋА, ɜɵɩɥɚɜ-

ɥɟɧɧɨɣ ɧɚ ГЖ, ɩɪɢ ɜɫɟɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɨɬɩɭɫɤɚ ɜ ɢɧɬɟɪɜɚɥɟ 500…600 ႏ ɜɵɲɟ, 
ɱɟɦ ɜ ɩɥɚɜɤɚɯ ɧɚ ɈМɒ ɢ ɧɚ ɩɟɪɜɨɪɨɞ-
ɧɨɣ ɲɢɯɬɟ Кɒɋ. ɋɬɚɥɶ, ɜɵɩɥɚɜɥɟɧɧɚɹ 
ɧɚ ɲɢɯɬɟ Кɒɋ, ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɦɢɤɪɨ-
ɩɪɢɦɟɫɟɣ, ɤɚɤ ɢɡɜɟɫɬɧɨ ɢɡ ɥɢɬɟɪɚɬɭɪɵ, 
ɡɚɧɢɦɚɟɬ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɩɨɥɨɠɟɧɢɟ 
ɦɟɠɞɭ ɩɥɚɜɤɚɦɢ ɧɚ ɈМɒ ɢ ГЖ [3, 10]. 
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Вɟɥɢɱɢɧɵ aɇ ɩɨɫɥɟ ɨɬɩɭɫɤɚ ɩɪɢ ɬɟɦɩɟ-
ɪɚɬɭɪɚɯ 500, 520, 580 ɢ 600 ႏ ɭ ɩɥɚɜɤɢ 
Кɒɋ ɬɚɤɠɟ ɹɜɥɹɸɬɫɹ ɩɪɨɦɟɠɭɬɨɱɧɵɦɢ 
ɦɟɠɞɭ ɜɟɥɢɱɢɧɚɦɢ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ ɜ 
ɩɥɚɜɤɚɯ ɧɚ ɈМɒ ɢ ГЖ ɩɨɫɥɟ ɨɬɩɭɫɤɚ 
ɩɪɢ ɬɟɯ ɠɟ ɬɟɦɩɟɪɚɬɭɪɚɯ. Ɉɞɧɚɤɨ ɜ ɢɧ-
ɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 530…570 ႏ ɤɪɢɜɚɹ 
ɡɚɜɢɫɢɦɨɫɬɢ ( )ɇ ɈɌɉa f T  ɞɥɹ ɩɥɚɜɤɢ 
ɧɚ ɩɨɥɭɩɪɨɞɭɤɬɟ Кɒɋ ɩɨɱɬɢ ɫɨɜɩɚɞɚɟɬ 
ɫ ɩɨɞɨɛɧɨɣ ɤɪɢɜɨɣ ɭ ɩɥɚɜɤɢ ɧɚ ɈМɒ. 

ɋɪɚɜɧɟɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɫɬɚɥɢ 
30ɏГɋА, ɜɵɩɥɚɜɥɟɧɧɨɣ ɧɚ ɪɚɡɥɢɱɧɨɣ 
ɲɢɯɬɟ, ɩɨɫɥɟ ɡɚɤɚɥɤɢ ɢ ɨɬɩɭɫɤɚ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɯɪɭɩɤɨɫɬɢ 550 ႏ ɩɨɤɚɡɚ-
ɥɨ, ɱɬɨ ɪɚɡɧɢɰɚ ɜ ɫɬɪɭɤɬɭɪɟ ɩɥɚɜɨɤ ɨɬ-
ɫɭɬɫɬɜɭɟɬ. 

Иɡ ɥɢɬɟɪɚɬɭɪɵ, ɢɡɜɟɫɬɧɨ, ɱɬɨ ɨɬ-
ɩɭɫɤɧɚɹ ɯɪɭɩɤɨɫɬɶ ɫɜɹɡɚɧɚ ɫ ɩɪɨɰɟɫɫɚ-
ɦɢ, ɩɪɨɬɟɤɚɸɳɢɦɢ ɧɚ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ 
[11]. ɉɥɚɜɤɚ ɧɚ ɈМɒ ɫɨɞɟɪɠɢɬ ɩɪɢɦɟ-
ɫɟɣ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ Cu, Sb, As, Sn ɜ 
3…10 ɪɚɡ ɛɨɥɶɲɟ, ɱɟɦ ɩɥɚɜɤɚ ɧɚ ГЖ ɢ 
Кɒɋ, ɚ ɩɥɚɜɤɚ ɧɚ ГЖ ɢ Кɒɋ ɪɚɡɥɢɱɚ-
ɟɬɫɹ ɩɨ ɢɯ ɤɨɥɢɱɟɫɬɜɭ ɜ 2…3 ɪɚɡɚ. 
Мɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ ɜɡɚɢɦɧɨɟ ɜɥɢɹ-
ɧɢɟ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɩɪɢɦɟɫɟɣ ɢ 
ɦɢɤɪɨɩɪɢɦɟɫɟɣ. ɋɢɥɚ ɷɬɨɝɨ ɜɡɚɢɦɧɨɝɨ 
ɜɥɢɹɧɢɹ ɫɤɚɡɵɜɚɟɬɫɹ ɨɩɪɟɞɟɥɟɧɧɵɦ ɨɛ-
ɪɚɡɨɦ ɧɚ ɫɤɨɪɨɫɬɢ ɞɢɮɮɭɡɢɢ ɩɪɢɦɟɫɟɣ 
ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ ɢ ɨɛɪɚɡɨɜɚɧɢɢ ɫɟɝɪɟ-
ɝɚɰɢɣ. ɋɨɝɥɚɫɧɨ ɬɟɨɪɢɢ ɬɪɨɣɧɵɯ ɪɚɜɧɨ-
ɜɟɫɧɵɯ ɫɟɝɪɟɝɚɰɢɣ, ɟɫɥɢ ɟɫɬɶ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɥɟɝɢɪɭɸɳɢɦɢ ɷɥɟɦɟɧ-
ɬɚɦɢ ɢ ɩɪɢɦɟɫɹɦɢ, ɬɨ ɨɞɢɧ ɢɡ ɷɬɢɯ ɷɥɟ-
ɦɟɧɬɨɜ ɭɫɢɥɢɜɚɟɬ ɫɟɝɪɟɝɚɰɢɸ ɞɪɭɝɨɝɨ 
ɧɚ ɝɪɚɧɢɰɟ. Ɍɚɤ ɯɪɨɦ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɣ  
 

ɜ ɫɩɥɚɜɟ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɜɵɞɟɥɟɧɢɸ Ni ɢ 
Sb ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ [7]. Кɪɨɦɟ ɷɬɨɝɨ, 
ɫɬɚɥɶ 30ɏГɋА ɜɵɩɥɚɜɥɟɧɚ ɧɚ ɪɚɡɥɢɱ-
ɧɨɣ ɲɢɯɬɟ, ɱɬɨ ɦɨɠɟɬ ɜɥɢɹɬɶ ɧɚ ɫɬɪɨɟ-
ɧɢɟ ɝɪɚɧɢɰ ɡɟɪɟɧ [2, 7]. ɋ ɪɚɡɥɢɱɢɟɦ ɜ 
ɫɬɪɨɟɧɢɢ ɝɪɚɧɢɰ ɡɟɪɟɧ ɫɜɹɡɚɧɚ ɢ ɪɚɡ-
ɥɢɱɧɚɹ ɜɟɥɢɱɢɧɚ ɷɧɟɪɝɢɢ ɝɪɚɧɢɰ, ɚ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɪɚɡɥɢɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɫɟɝɪɟɝɢɪɭɸɳɢɯ ɩɪɢɦɟɫɟɣ [12, 8]. 

ɉɨ ɞɚɧɧɵɦ ɪɚɛɨɬɵ [10] ɦɚɤɫɢɦɭɦ 
ɤɪɢɜɨɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɢɢ ɝɪɚɧɢɰ 
ɡɟɪɟɧ γB/γS ɫɬɚɥɢ 30ɏГɋА, ɜɵɩɥɚɜɥɟɧ-
ɧɨɣ ɧɚ ɈМɒ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɟɧɶɲɟɦɭ 
ɡɧɚɱɟɧɢɸ, ɱɟɦ ɜ ɩɥɚɜɤɚɯ ɧɚ ɩɨɥɭɩɪɨ-
ɞɭɤɬɟ Кɒɋ ɢ ГЖ. ɗɬɨ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭ-
ɟɬɫɹ ɫ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɜ 
ɩɥɚɜɤɟ ɧɚ ɈМɒ ɩɪɢɦɟɫɟɣ Cu, Ni, Pb, 
As, Sn, Sb, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɩɨɜɟɪɯ-
ɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɦɢ ɢ ɞɨɥɠɧɵ ɩɨɧɢɠɚɬɶ 
ɷɧɟɪɝɢɸ ɝɪɚɧɢɰ ɡɟɪɟɧ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɩɥɚɜɤɚɦɢ ɧɚ Кɒɋ ɢ ГЖ. Иɫɫɥɟɞɨɜɚɧɢɹ 
ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ ɝɪɚ-
ɧɢɰ ɡɟɪɟɧ ɚɭɫɬɟɧɢɬɚ ɹɜɥɹɸɬɫɹ ɤɨɫɜɟɧ-
ɧɵɦ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨɦ ɬɨɝɨ, ɱɬɨ ɛɵɜɲɢɟ 
ɝɪɚɧɢɰɵ ɡɟɪɟɧ ɚɭɫɬɟɧɢɬɚ ɜ ɩɥɚɜɤɟ ɧɚ 
ɈМɒ ɨɛɨɝɚɳɟɧɵ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟ-
ɫɬɜɨɦ ɩɪɢɦɟɫɟɣ Cu, Sb, As, Sn ɢ ɞɪ. ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɩɥɚɜɤɚɦɢ ɧɚ ГЖ ɢ Кɒɋ. 
ɉɨɷɬɨɦɭ ɜ ɩɟɪɜɨɣ ɩɥɚɜɤɟ ɧɚɛɥɸɞɚɟɬɫɹ 
ɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ. 

Иɫɫɥɟɞɨɜɚɧɢɟ ɯɥɚɞɧɨɥɨɦɤɨɫɬɢ ɫɬɚ-
ɥɢ 30ɏГɋА (ɪɢɫ. 4) ɩɨɤɚɡɚɥɨ, ɱɬɨ ɜɨ 
ɜɫɟɯ ɩɥɚɜɤɚɯ ɫ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭ-
ɪɵ ɢɫɩɵɬɚɧɢɣ ɧɚɛɥɸɞɚɟɬɫɹ ɦɨɧɨɬɨɧɧɨɟ 
ɩɨɧɢɠɟɧɢɟ aɇ. ɍɫɥɨɜɧɵɣ ɩɨɪɨɝ ɯɥɚɞɧɨ-
ɥɨɦɤɨɫɬɢ ɞɥɹ ɫɬɚɥɢ 30ɏГɋА ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɩɪɢ aɇ = 30 Дɠ/ɫɦ2. 
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          а)                                                                               б) 

 
в) 

Рис. 4. Влиɹɧие ɲиɯɬɵ ɫɬали 30ХГСА ɧа ɯладɧɨлɨмкɨɫɬɶ ɩɨɫле: а – гɨɪɹɱей деɮɨɪмаɰии;  
б – ɨɯɪɭɩɱиваɸɳегɨ ɨɬɩɭɫка; в – ɩɨɫле ɭлɭɱɲеɧиɹ 

Fig. 4. Effect of 30hgsa steel charge on cold breakage after: a – hot deformation; б – embrittling 
release; в – after improvement 

Вɨ ɜɫɟɯ ɬɪɟɯ ɫɨɫɬɨɹɧɢɹɯ ɧɚɢɛɨɥɶ-
ɲɟɟ ɡɧɚɱɟɧɢɟ aɇ ɧɚɛɥɸɞɚɟɬɫɹ ɭ ɩɥɚɜɤɢ 
ɧɚ ГЖ, ɚ ɧɚɢɦɟɧɶɲɟɟ – ɜ ɩɥɚɜɤɟ ɧɚ 
ɈМɒ (ɜ ɫɨɫɬɨɹɧɢɢ ɨɯɪɭɩɱɢɜɚɧɢɹ ɢ 
ɭɥɭɱɲɟɧɢɹ, ɢɥɢ ɜ ɩɥɚɜɤɟ ɧɚ Кɒɋ (ɩɨ-
ɫɥɟ ɝɨɪɹɱɟɣ ɞɟɮɨɪɦɚɰɢɢ). В ɫɨɫɬɨɹɧɢɢ 
ɫɬɚɥɢ ɩɨɫɥɟ ɝɨɪɹɱɟɣ ɞɟɮɨɪɦɚɰɢɢ ɞɥɹ 
ɩɥɚɜɤɢ ɧɚ ГЖ ɭɫɥɨɜɧɵɣ ɩɨɪɨɝ ɯɥɚɞɧɨ-
ɥɨɦɤɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ –80 ႏ, ɜ ɩɥɚɜɤɚɯ 
ɧɚ ɈМɒ ɢ Кɒɋ – (–65 ႏ). ɋɞɜɢɝ ɜ 
ɡɧɚɱɟɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɪɨɝɚ ɯɥɚɞɧɨ-
ɥɨɦɤɨɫɬɢ ɧɟɛɨɥɶɲɨɣ. 

ɇɚɢɛɨɥɶɲɢɣ ɭɪɨɜɟɧɶ aɇ ɧɚɛɥɸɞɚ-
ɟɬɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɩɨɫɥɟ ɭɥɭɱɲɟɧɢɹ ɢ 
ɨɯɥɚɠɞɟɧɢɹ ɧɚ ɜɨɡɞɭɯɟ ɫ ɬɟɦɩɟɪɚɬɭɪɵ 
600 ႏ. ɇɢɠɧɢɣ ɩɨɪɨɝ ɯɥɚɞɧɨɥɨɦɤɨɫɬɢ 
ɞɥɹ ɜɫɟɯ ɩɥɚɜɨɤ ɥɟɠɢɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
–80 ႏ. 

ɉɪɢ ɦɟɞɥɟɧɧɨɦ ɨɯɥɚɠɞɟɧɢɢ ɢɥɢ ɜɨ 
ɜɪɟɦɹ ɜɵɞɟɪɠɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
550 ႏ ɩɪɨɢɫɯɨɞɢɬ ɨɛɨɝɚɳɟɧɢɟ ɩɪɢɝɪɚ-
ɧɢɱɧɵɯ ɫɥɨɟɜ Cu, Sb, Sn, As ɢ ɞɪ. ɋɬɚɥɶ 
ɨɯɪɭɩɱɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɨɫɥɚɛɥɟɧɢɹ 
ɩɪɨɱɧɨɫɬɢ ɦɟɠɡɟɪɟɧɧɵɯ ɫɰɟɩɥɟɧɢɣ ɢ  
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ɩɨɧɢɠɟɧɢɹ ɷɧɟɪɝɢɢ ɝɪɚɧɢɰ. ɉɨɫɤɨɥɶɤɭ 
ɜɨ ɜɫɟɯ ɩɥɚɜɤɚɯ ɤɨɥɢɱɟɫɬɜɨ ɮɨɫɮɨɪɚ 
ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɞɢɧɚɤɨɜɨ, ɬɨ ɩɪɢɱɢɧɭ 
ɩɨɧɢɠɟɧɢɹ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ, ɜɟɪɨɹɬɧɨ, 
ɫɥɟɞɭɟɬ ɢɫɤɚɬɶ ɜ ɛɨɥɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ 
ɫɟɝɪɟɝɢɪɭɸɳɢɯ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ ɩɨ-
ɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ ɩɪɢɦɟɫɟɣ Cu, Sb, 
Sn, As ɢ ɞɪ. 

Ɏɪɚɤɬɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɥɨɦɚ, ɩɪɨɜɟɞɟɧɧɵɟ ɧɚ 
ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ Stereoskan-
180, ɩɨɡɜɨɥɢɥɢ ɢɡɭɱɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ 
ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ ɢɡɥɨɦɨɜ. Вɵɫɨɤɚɹ 
ɥɨɤɚɥɶɧɨɫɬɶ ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ 
ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɨɩɪɟɞɟɥɟɧɢɟ ɯɚɪɚɤ-
ɬɟɪɚ ɪɚɡɪɭɲɟɧɢɹ ɫɬɚɥɟɣ, ɭ ɤɨɬɨɪɵɯ ɜ 
ɨɛɥɚɫɬɢ ɫɦɟɲɚɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɜ ɩɪɟ-
ɞɟɥɚɯ ɤɚɠɞɨɝɨ ɡɟɪɧɚ ɢɥɢ ɤɨɦɩɥɟɤɫɚ ɡɟ-
ɪɟɧ ɢɦɟɸɬɫɹ ɭɱɚɫɬɤɢ ɢɡɥɨɦɚ ɫ ɱɚɲɟɱ-
ɧɵɦ ɢɥɢ ɪɭɱɶɢɫɬɵɦ ɫɬɪɨɟɧɢɟɦ ɫ ɞɢɦɩ-
ɥɚɦɢ ɜɹɡɤɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɢ ɮɚɫɟɬɤɚɦɢ 
ɬɪɚɧɫɤɪɢɫɬɚɥɥɢɬɧɨɝɨ ɫɤɨɥɚ. Иɫɫɥɟɞɨɜɚ-
ɧɢɸ ɩɨɞɜɟɪɝɚɥɚɫɶ ɬɨɥɶɤɨ ɰɟɧɬɪɚɥɶɧɚɹ 
ɱɚɫɬɶ ɢɡɥɨɦɚ, ɬ. ɟ. ɬɨɬ ɭɱɚɫɬɨɤ ɩɨɜɟɪɯ-
ɧɨɫɬɢ, ɝɞɟ ɪɚɡɪɭɲɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜ 

ɭɫɥɨɜɢɹɯ ɩɥɨɫɤɨɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨ-
ɫɬɨɹɧɢɹ. 

ɉɨɹɜɥɟɧɢɟ ɜ ɢɡɥɨɦɟ ɩɟɪɜɵɯ ɭɱɚɫɬ-
ɤɨɜ ɫ ɪɭɱɶɢɫɬɵɦ ɭɡɨɪɨɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭ-
ɟɬ ɨ ɧɚɱɚɥɟ ɩɟɪɟɯɨɞɚ ɦɟɬɚɥɥɚ ɢɡ ɜɹɡɤɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɜ ɯɪɭɩɤɨɟ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɜɟɪɯɧɟɦɭ ɩɨɪɨɝɭ ɯɥɚɞɧɨɥɨɦɤɨɫɬɢ. ɉɨ 
ɢɫɱɟɡɧɨɜɟɧɢɸ ɭɱɚɫɬɤɨɜ ɫ ɱɚɲɟɱɧɵɦ 
ɭɡɨɪɨɦ ɦɨɠɧɨ ɫɭɞɢɬɶ ɨ ɤɨɧɰɟ ɩɟɪɟɯɨɞ-
ɧɨɣ ɨɛɥɚɫɬɢ, ɬ. ɟ. ɨ ɧɢɠɧɟɦ ɩɨɪɨɝɟ 
ɯɥɚɞɧɨɥɨɦɤɨɫɬɢ. 

Иɡɭɱɟɧɢɟ ɢɡɥɨɦɨɜ ɨɛɪɚɡɰɨɜ ɩɥɚɜɨɤ 
ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
+20 ႏ (ɪɢɫ. 5) ɩɨɤɚɡɚɥɨ, ɱɬɨ ɯɚɪɚɤɬɟɪ 
ɢɡɥɨɦɚ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɫɦɟɲɚɧɧɵɣ, 
ɨɛɴɟɞɢɧɹɸɳɢɣ ɷɥɟɦɟɧɬɵ ɯɪɭɩɤɨɝɨ ɢ 
ɜɹɡɤɨɝɨ ɪɚɡɪɭɲɟɧɢɹ. ɋɪɚɜɧɢɜɚɹ ɢɡɥɨɦɵ 
ɨɬɞɟɥɶɧɵɯ ɩɥɚɜɨɤ (ɪɢɫ. 5), ɦɨɠɧɨ ɨɬɦɟ-
ɬɢɬɶ, ɱɬɨ ɧɚɢɛɨɥɶɲɚɹ ɞɨɥɹ ɯɪɭɩɤɨɝɨ 
ɦɟɠɡɟɪɟɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ 
ɜ ɩɥɚɜɤɟ ɧɚ ɈМɒ, ɛɨɥɟɟ ɝɪɹɡɧɨɣ ɩɨ 
ɩɪɢɦɟɫɹɦ ɢ ɦɢɤɪɨɩɪɢɦɟɫɹɦ; ɦɟɧɶɲɟ 
ɷɥɟɦɟɧɬɨɜ ɯɪɭɩɤɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɜ ɩɥɚɜ-
ɤɟ ɧɚ ɩɟɪɜɨɪɨɞɧɨɣ ɲɢɯɬɟ Кɒɋ ɢ ɟɳɟ 
ɦɟɧɶɲɟ ɧɚ ГЖ.  

   
        ɚ)                                                 ɛ)                                                   ɜ) 

Рис. 5. Микɪɨɮɪакɬɨгɪаммɵ излɨмɨв ɫɬали 30ХГСА ɩɨɫле ɨɯɪɭɩɱиваɸɳегɨ ɨɬɩɭɫка ɩɪи 550 ℃  
в ɬеɱеɧие 50 ɱаɫɨв; ɬемɩеɪаɬɭɪа иɫɩɵɬаɧий (+20 ℃), ×500: а – ɩлавка ɧа ГЖ;  
б – ɩлавка ɧа ɩɨлɭɩɪɨдɭкɬе КШС; в – ɩлавка ɧа ОМШ 

Fig. 5. Microfractograms of 30KhGSA steel fractures after embrittling tempering at 550 ℃ for 50 hours; 
test temperature (+20 ℃), ×500: а – melting on GJ; б – melting on Kshs semi-product;  
в – melting on OMSH 
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ɉɨ ɜɢɞɭ ɢɡɥɨɦɚ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵ-

ɜɨɞ, ɱɬɨ ɜɟɪɯɧɢɣ ɩɨɪɨɝ ɯɥɚɞɧɨɥɨɦɤɨɫɬɢ 
ɥɟɠɢɬ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 
ɋ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɵɬɚɧɢɹ 
ɬɨɧɤɨɟ ɫɬɪɨɟɧɢɟ ɢɡɥɨɦɚ ɢɡɦɟɧɹɟɬɫɹ, 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨɥɹ ɯɪɭɩɤɨɝɨ ɦɟɠɡɟ-
ɪɟɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɜ ɢɡɥɨɦɚɯ ɜɫɟɯ 

ɩɥɚɜɨɤ, ɨɫɨɛɟɧɧɨ ɷɬɨ ɡɚɦɟɬɧɨ ɜ ɩɥɚɜɤɟ 
ɧɚ ɈМɒ. ɇɚ ɦɢɤɪɨɮɪɚɤɬɨɝɪɚɦɦɚɯ ɫɬɚ-
ɥɢ 30ɏГɋА ɩɨɫɥɟ ɨɯɪɭɩɱɢɜɚɸɳɟɝɨ ɨɬ-
ɩɭɫɤɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɹ (–
60 ႏ) ɱɟɬɤɨ ɜɢɞɧɵ ɬɪɟɳɢɧɵ ɩɨ ɝɪɚɧɢ-
ɰɚɦ ɡɟɪɟɧ ɜɨ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɩɥɚɜɤɚɯ 
(ɪɢɫ. 6).  

   
        а)                                                б)                                                 в) 

Рис. 6. Микɪɨɮɪакɬɨгɪаммɵ излɨмɨв ɫɬали 30ХГСА ɩɨɫле ɨɯɪɭɩɱиваɸɳегɨ ɨɬɩɭɫка ɩɪи 550 ℃  
в ɬеɱеɧие 50 ɱаɫɨв; ɬемɩеɪаɬɭɪа иɫɩɵɬаɧий (–60 ℃), ×500: а – ɩлавка ɧа ГЖ;  
б – ɩлавка ɧа ɩɨлɭɩɪɨдɭкɬе КШС; в – ɩлавка ɧа ОМШ 

Fig. 6. Microfractograms of 30KhGSA steel fractures after embrittlement tempering at 550 ℃  
for 50 hours; test temperature (-60 ℃), ×500: a – melting on GJ;  б – melting on Kshs semi-
product; в – melting on OMSH 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɟɪɟɯɨɞ ɨɬ ɱɚɲɟɱ-
ɧɨɝɨ ɢɡɥɨɦɚ ɤ ɯɪɭɩɤɨɦɭ ɦɟɠɡɟɪɟɧɧɨɦɭ 
ɪɚɡɪɭɲɟɧɢɸ ɟɳɟ ɪɚɡ ɩɨɞɬɜɟɪɠɞɚɟɬ, ɱɬɨ 
ɫɥɚɛɵɦ ɦɟɫɬɨɦ ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɪɭɲɟɧɢɹ 
ɩɨɫɥɟ ɨɯɪɭɩɱɢɜɚɸɳɟɝɨ ɨɬɩɭɫɤɚ ɹɜɥɹ-
ɸɬɫɹ ɝɪɚɧɢɰɵ ɡɟɪɟɧ, ɨɛɨɝɚɳɟɧɧɵɟ ɩɪɢ-
ɦɟɫɹɦɢ ɢ ɦɢɤɪɨɩɪɢɦɟɫɹɦɢ. 

Дɚɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫ-
ɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɫɨɡɞɚɧɢɢ ɪɟɫɭɪɫɨɫɛɟɪɟ-
ɝɚɸɳɢɯ ɩɪɨɰɟɫɫɨɜ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɢ-
ɱɟɫɤɢɯ ɫɩɥɚɜɨɜ ɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ [13-34]. 

Выводы 

1. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ (σВ, σ0,2, ψ, δ, aɇ) 
ɭ ɨɛɪɚɡɰɨɜ ɪɚɡɥɢɱɧɵɯ ɩɥɚɜɨɤ ɫɬɚɥɢ 
30ɏГɋА ɭɦɟɧɶɲɚɸɬɫɹ ɫ ɩɨɜɵɲɟɧɢɟɦ 

ɬɟɦɩɟɪɚɬɭɪɵ. Зɚɦɟɬɧɨɟ ɪɚɡɭɩɪɨɱɧɟɧɢɟ 
ɫɬɚɥɢ 30ɏГɋА ɪɚɡɥɢɱɧɵɯ ɩɥɚɜɨɤ ɧɚɱɢ-
ɧɚɟɬɫɹ ɫ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬɩɭɫɤɚ ɪɚɜɧɨɣ 
300 ႏ. ɉɨ ɩɪɟɞɟɥɭ ɩɪɨɱɧɨɫɬɢ, ɨɬɧɨɫɢ-
ɬɟɥɶɧɨɦɭ ɭɞɥɢɧɟɧɢɸ ɢ ɬɜɟɪɞɨɫɬɢ ɪɚɡ-
ɥɢɱɢɣ ɜ ɩɥɚɜɤɚɯ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. ɋɬɚɥɶ,  
ɜɵɩɥɚɜɥɟɧɧɚɹ ɧɚ ɝɭɛɱɚɬɨɦ ɠɟɥɟɡɟ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɨɬɩɭɫɤɚ 450 ႏ, ɢɦɟɟɬ ɛɨ-
ɥɟɟ ɜɵɫɨɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɚɫɬɢɱɧɨ-
ɫɬɢ (ψ) ɢ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ (aɇ). 

2. Ɉɩɪɟɞɟɥɟɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɦɚɤɫɢ-
ɦɚɥɶɧɨɣ ɨɬɩɭɫɤɧɨɣ ɯɪɭɩɤɨɫɬɢ ɞɥɹ ɫɬɚ-
ɥɢ, ɜɵɩɥɚɜɥɟɧɧɨɣ ɧɚ ɨɛɵɱɧɨɣ ɦɟɬɚɥɥɢ-
ɡɨɜɚɧɧɨɣ ɲɢɯɬɟ, ɤɨɬɨɪɚɹ ɪɚɜɧɚ 550 ႏ. 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɬɚɥɶ 30ɏГɋА, ɜɵ-
ɩɥɚɜɥɟɧɧɚɹ ɧɚ ɱɢɫɬɨɣ ɩɟɪɜɨɪɨɞɧɨɣ 
ɲɢɯɬɟ (ɝɭɛɱɚɬɨɟ ɠɟɥɟɡɨ), ɢɦɟɟɬ ɦɟɧɶ-
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ɲɭɸ ɫɤɥɨɧɧɨɫɬɶ ɤ ɨɬɩɭɫɤɧɨɣ ɯɪɭɩɤɨ-
ɫɬɢ, ɱɟɦ ɫɬɚɥɶ, ɜɵɩɥɚɜɥɟɧɧɚɹ ɧɚ ɨɛɵɱ-
ɧɨɣ ɲɢɯɬɟ. Вɟɥɢɱɢɧɚ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ 
ɞɥɹ ɷɬɨɣ ɩɥɚɜɤɢ ɫɬɚɥɢ ɜɵɲɟ, ɱɟɦ ɭ ɫɬɚ-
ɥɢ ɨɛɵɱɧɨɣ ɜɵɩɥɚɜɤɢ ɜɨ ɜɫɟɦ ɢɧɬɟɪɜɚ-
ɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬɩɭɫɤɚ. 

3. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɪɨɝ ɯɥɚɞɧɨ-
ɥɨɦɤɨɫɬɢ ɫɬɚɥɢ 30ɏГɋА ɧɢɠɟ ɭ ɛɨɥɟɟ 
ɱɢɫɬɵɯ ɩɥɚɜɨɤ ɧɚ ɝɭɛɱɚɬɨɦ ɠɟɥɟɡɟ ɢ 
ɩɨɥɭɩɪɨɞɭɤɬɟ Кɒɋ, ɚ ɜɟɥɢɱɢɧɚ ɭɞɚɪ-
ɧɨɣ ɜɹɡɤɨɫɬɢ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɜɵɲɟ, ɱɟɦ ɜ ɩɥɚɜɤɟ ɧɚ ɨɛɵɱɧɨɣ ɦɟɬɚɥ-
ɥɢɡɨɜɚɧɧɨɣ ɲɢɯɬɟ. 
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