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и  1 – и и  е   и  и 10 2  ( ее е е ч и 

е  е е  и и ее е и ), 100 ДLТqЮТНКЭТШЧ СОЭОЫШРОЧОТЭв ШП ПШЫРТЧРЬ ПЫШЦ 
10GN2MFA steel (darker sections contain more carbon and are more alloyed), x100] 
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и  2 – е  е е и   и - и е е е и   и и и ии  

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

crystallization according to the Fe – C equilibrium diagram] 
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и  3 – е и е иче ие и , е е  е и  и е и  
е   ич  е ие  е и и  е е  Д3Ж ДTСОЫЦШФТЧОЭТМ НТКРЫКЦЬ МСКЫКМЭОЫТЬЭТМ ШП ХШа-

carbon low-alloy steels with different content of alloying elements [3]] 
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и  4 – е и - е и   ( ): )  и е е че ,  е е  е  
 , 500; ) е е  , 200; ) е е ч и   ( е е) и и  

 ( е )  е и  и е, 500 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] 
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и  5 – ич  е и и и   е и 10 2  е е   и и е : 
) и  и  – е е е ,    е и и и , е е е   и е  – 

е и и ии е , 100; ) е и  , е  е е и и ии, 500;  
) и ч  е и   е е и и  ч , 500 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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и ии е и ), 20; ) ч  и е и  и е  е иче ии (  е е  ч и е и  
и  « и и» е е  е и , ие   ), 200 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 
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и и  е и  ( е и  ч и чи  е и ) 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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и  8 – и и  чи  е и  и и  и е и     и ии 
е и  и , е  иче     и е и 10 2 :  

) и  и  че  е и , и е е  е е е е е ие (  е е – ч   и е е и  
е е иче и  че и ; и  – ч   е и  е   ( . и . 5 ), 180;  

) ч  че  е и  ( е и  е е е и), 1800; 
) е и  е  и  е и и  е  и  е е , 1500; 

) е е е е е е ие  е и е ии че  е и   е,  е и  и е 

8 , 1800 [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] 
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и  9 – е ие  и е е   е е и   е и    : 

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

of the weld metal: x500] 
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Liquation Heterogeneity and Weldability of 10GN2MFA Steel 
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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. 

 

Keywords: segregation heterogeneity, steel weldability, thermokinetic diagram, bainite, 

martensitic-austenitic component, hot microcracks of segregation origin, a tendency to 

recrystallization during metal forming. 

 

 


