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ÓÄÊ 621.78
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ËÅÌÅØÍÎÉ ÑÒÀËÈ Ë53 ÒÅÐÌÎÓÏÐÎ×ÍÅÍÈÅÌ

IMPROVEMENT OF SERVICE PROPERTIES 
OF L53 STEEL WITH THERMAL STRENGTHENING

À.Ì. ÌÈÕÀËÜ×ÅÍÊÎÂ, ä.ò.í.
Ñ.È. ÁÓÄÊÎ, ê.ò.í.
À.À. ÞÐÅÂÀ, ê.ò.í.
Áðÿíñêèé ãîñóäàðñòâåííûé àãðàðíûé óíèâåðñèòåò, 
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Ïðîèçâîäñòâî îòå÷åñòâåííûõ öåëüíîìåòàëëè÷åñêèõ ëåìåõîâ, èçãîòîâëåííûõ èç ñòàëè Ë53, â ñëîæèâøåéñÿ ê 
íàñòîÿùåìó âðåìåíè ñèòóàöèè â ñåëüñêîì õîçÿéñòâå òðåáóåò íîâûõ ðåøåíèé, íàïðàâëåííûõ íà ïîâûøåíèå 
ðåñóðñà áåç ñóùåñòâåííûõ òåõíîëîãè÷åñêèõ è ýêîíîìè÷åñêèõ èçäåðæåê. Ïîòåíöèàëüíûå âîçìîæíîñòè â ýòîì 
ïëàíå êðîþòñÿ â ïðîâåäåíèè òåðìîóïðî÷íåíèÿ òàêîé ñòàëè. Îäíàêî èçâåñòíûå ðàáîòû ïî äàííîìó âîïðîñó 
íå äàþò îêîí÷àòåëüíîãî îòâåòà î âîçìîæíîñòÿõ Ë53 è îïòèìàëüíîì ðåæèìå òåðìîîáðàáîòêè ñ òî÷êè çðåíèÿ 
îáåñïå÷åíèÿ àáðàçèâíîé èçíîñîñòîéêîñòè. Ïîýòîìó öåëüþ ïðåäñòàâëÿåìûõ èññëåäîâàíèé ÿâèëîñü óëó÷øåíèå 
ñëóæåáíûõ ñâîéñòâ ñòàëè Ë53 òåðìîóïðî÷íåíèåì, âûðàæàþùååñÿ â óâåëè÷åíèè òâåðäîñòè è èçíîñîñòîéêîñòè. 
Ïðè ïðîâåäåíèè ýêñïåðèìåíòîâ îïûòíûå îáðàçöû (ñòàëü Ë53) ïîäâåðãàëèñü íàãðåâó ñ òåìïåðàòóð 720…870 Ñ 
ñ øàãîì 20 Ñ è îõëàæäåíèåì â âîäå ñ ïîñëåäóþùèì îïðåäåëåíèåì òâåðäîñòè è ñòîéêîñòè ê àáðàçèâíîìó èç-
íàøèâàíèþ. Èñïûòàíèÿ íà èçíàøèâàíèå ðåàëèçîâûâàëèñü íà óñòàíîâêå ñîáñòâåííîé êîíñòðóêöèè, ïîçâîëÿþ-
ùåé â øèðîêîì äèàïàçîíå ìåíÿòü óñëîâèÿ ýêñïåðèìåíòà. Ïîëó÷åííûå ðåçóëüòàòû óêàçûâàþò, ÷òî ïðîâåäåíèå 
òåðìîóïðî÷íåíèÿ ñ òåìïåðàòóð 840…860 Ñ ïîçâîëÿåò óâåëè÷èòü àáðàçèâíóþ èçíîñîñòîéêîñòü ñòàëè Ë53 â 
2,5…3 ðàçà, ÷òî ñâÿçàíî ñ ôàçîâûìè ïðåâðàùåíèÿìè è îáðàçîâàíèåì çàêàëî÷íûõ ñòðóêòóð. Ýêñïåðèìåíòàìè 
îïðåäåëåíû ðàöèîíàëüíûå ïàðàìåòðû ðåæèìà òåðìîóïðî÷íåíèÿ, ïîçâîëÿþùèå èñêëþ÷èòü ïðîâåäåíèå òàêîé 
äîïîëíèòåëüíîé îïåðàöèè êàê îòïóñê. Òàêèì îáðàçîì, ïðèìåíåíèå òåðìîóïðî÷íåíèÿ äëÿ îáåñïå÷åíèÿ ïîâû-
øåííîé òâåðäîñòè è ñòîéêîñòè ê âîçäåéñòâèþ àáðàçèâíîé ñðåäû (îñîáåííî ïðèìåíèòåëüíî ê ïëóæíûì ëå-
ìåõàì) ÿâëÿåòñÿ íåîáõîäèìîé òåõíîëîãè÷åñêîé îïåðàöèåé ïðè ïðîèçâîäñòâå äåòàëåé ïî÷âîîáðàáàòûâàþùèõ 
îðóäèé èç ñòàëè Ë53.
Êëþ÷åâûå ñëîâà: òåðìîîáðàáîòêà, òåðìîóïðî÷íåíèå, çàêàëêà, àáðàçèâíàÿ èçíîñîñòîéêîñòü, òâåðäîñòü, 
ñòàëü Ë53, ëåìåõ, ðåñóðñ.

The production of domestic all-metal plowshares made of steel L53, in the current situation in the agriculture, re-
quires new solutions aimed at increasing the resource without significant technological and economic costs. Potential 
opportunities in this respect lie in conducting the thermal strengthening of such steel. However, the well-known 
works on this issue do not give a definitive answer about the possibilities of L53 and the optimum mode of heat treat-
ment in terms of ensuring abrasive wear resistance. Therefore, the aim of the presented investigations was to improve 
the service properties of steel L53 by thermal strengthening, expressed in increasing hardness and wear resistance. 
During the experiments, the experimental samples (steel L53) were subjected to heating from 720…870 Ñ within 
20 Ñ and cooling in the water with the subsequent determination of hardness and abrasion resistance. The wear tests 
were implemented on the plant of its own design, which allows changing the experimental conditions within a wide 
range. The obtained results indicate that conducting thermal strengthening from temperatures 840…860 Ñ allows 
increasing the abrasive wear resistance of L53 steel by 2,5…3 times, which is connected with phase transformations 
and the formation of hardening structures. It has determined by the experiments that the rational parameters of the 
thermal strengthening regime, which make it possible to exclude such an additional operation as the abatement. 
Accordingly, the application of thermal strengthening to provide increased hardness and resistance to abrasive en-
viroment (especially with regard to plowshares) is a necessary technological operation in the production of parts of 
tillage tools made of steel L53.
Keywords: thermal treatment, thermal strengthening, hardening, abrasive wear resistance, hardness, steel L53, 
plowshare, service life.
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 Ââåäåíèå
Íà÷àëî èñïîëüçîâàíèÿ ñòàëè Ë53 äëÿ èç-

ãîòîâëåíèÿ ëåìåõîâ îòíîñèòñÿ ê ïåðâîé ïîëî-
âèíå ÕÕ âåêà è ïðîäîëæàåòñÿ äî íàñòîÿùåãî 
âðåìåíè. Ïðèíÿòîå â ïðîèçâîäñòâå óïðî÷íåíèå 
ïóòåì íàïëàâêè ñëîÿ «ñîðìàéòà» íà òûëüíóþ 
ñòîðîíó ëåçâèéíîé îáëàñòè äåòàëè â îïðåäå-
ëåííîé ñòåïåíè ïîçâîëÿåò ïîâûñèòü ðåñóðñ, 
íî íå ðåøàåò ïðîáëåìû ñóùåñòâåííî. Ñîçäàâ-
øàÿñÿ ñèòóàöèÿ ïðèâåëà ê òîìó, ÷òî ðåñóðñ 
îòå÷åñòâåííûõ ëåìåõîâ çíà÷èòåëüíî óñòó-
ïàåò ðåñóðñó ëåìåõîâ èìïîðòíîãî ïðîèçâîä-
ñòâà (ïðèìåðíî â 10 ðàç) [1]. Îñîáåííî äàííîå 
îáñòîÿòåëüñòâî ïðîÿâëÿåòñÿ ïðè ïàõîòå íà 
ïî÷âàõ ñ âûñîêèì ñîäåðæàíèåì êâàðöåâîé ñî-
ñòàâëÿþùåé è âûðàæàåòñÿ â îïåðåæàþùåì 
èçíîñå íîñêà (äîëîòîîáðàçíîé îáëàñòè) ëåìåõà 
[2, 3]. Ìåæäó òåì, ïîòåíöèàëüíûå âîçìîæíî-
ñòè ïî ïîâûøåíèþ ñëóæåáíûõ ñâîéñòâ (òâåð-
äîñòè è èçíîñîñòîéêîñòè) ñòàëè Ë53 äàëåêî íå 
èñ÷åðïàíû.

Ïðåæäå âñåãî îíè êðîþòñÿ â ïðîâåäåíèè 
òåðìîóïðî÷íåíèÿ (ÒÓ). Íóæíî îòìåòèòü, ÷òî 
ïîñòóïàþùèå íà îòå÷åñòâåííûé ðûíîê ëåìåõè 
çàðóáåæíûõ êîìïàíèé â îáÿçàòåëüíîì ïîðÿäêå 
ïðîõîäÿò óïðî÷íåíèå òåðìè÷åñêîé îáðàáîò-
êîé (ÒÎ). Ïðè÷åì îíè çàêàëèâàþòñÿ ïî âñåìó 
îáúåìó â ñèëó ñïåöèôèêè ýêñïëóàòàöèè, ñâÿ-
çàííîé ñ âûñîêèì òåìïîì èçíàøèâàíèÿ [4, 5], 
êîãäà èñòèðàíèå ïîâåðõíîñòíîãî òâåðäîãî ñëîÿ 
ïðîèñõîäèò çà ñðàâíèòåëüíî íåáîëüøîé ïðîìå-
æóòîê âðåìåíè.

Ñòàëü Ë53 îòíîñèòñÿ ê ãðóïïå ñðåäíåóãëå-
ðîäèñòûõ ñòàëåé ñ êîëè÷åñòâîì óãëåðîäà 
îêîëî 0,53 %, ÷òî ïîçâîëÿåò ïðîâîäèòü çàêàëêó 
ñ ñóùåñòâåííûì ïîâûøåíèåì òâåðäîñòè, à ñëå-
äîâàòåëüíî, è ñòîéêîñòè ê àáðàçèâíîìó èçíà-
øèâàíèþ [6]. Îäíàêî â ïëàíå òåðìîóïðî÷íÿþ-
ùåé îáðàáîòêè ëåìåøíîé ñòàëè â ñïåöèàëüíîé 
ëèòåðàòóðå ñâåäåíèÿ êðàéíå ìàëî÷èñëåííû, à 
ïîðîé ïðîòèâîðå÷èâû [7]. 

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ïðîâåäåíèå 

ñåðèè ýêñïåðèìåíòîâ ïî îïðåäåëåíèþ âîçìîæ-
íîñòåé ñòàëè Ë53 â àñïåêòå îáåñïå÷åíèÿ àáðà-
çèâíîé èçíîñîñòîéêîñòè ïîñëå òåðìîóïðî÷íå-
íèÿ ñ ðàçëè÷íûõ òåìïåðàòóð.

Ìåòîäèêà ïðîâåäåíèÿ ýêñïåðèìåíòà
Òåõíèêà ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé 

ñîñòîÿëà èç ñëåäóþùèõ ýòàïîâ: 1 – ïîäãîòîâ-
êà îáðàçöîâ; 2 – òåðìîîáðàáîòêà; 3 – êîíòðîëü 

òâåðäîñòè ïîñëå ÒÎ; 4 – ïðîâåäåíèå èñïûòàíèé 
íà èçíàøèâàíèå.

Îáðàçöû âûðåçàëèñü èç öåëüíîìåòàëëè÷å-
ñêèõ ëåìåõîâ ðîññèéñêîãî ïðîèçâîäñòâà ïðè 
ìèíèìàëüíîì òåìïåðàòóðíîì âëèÿíèè âî èç-
áåæàíèè èçìåíåíèÿ ñâîéñòâ ìàòåðèàëà. Ïëî-
ùàäü îáðàçöîâ, ðàâíàÿ 36 ñì2, ïîçâîëÿåò â 
ïîëíîé ìåðå ðåàëèçîâûâàòüñÿ ïðîöåññàì, ïðè-
ñóùèì àáðàçèâíîìó èçíàøèâàíèþ. 

Òåðìîîáðàáîòêà ïðîâîäèëàñü ñ òåìïåðàòó-
ðîé 720…870 Ñ ñ èíòåðâàëîì â 20 Ñ è îõëàæ-
äåíèåì â âîäå.

Â êà÷åñòâå îöåíêè ìåõàíè÷åñêèõ ñâîéñòâ 
ïðèíèìàëàñü òâåðäîñòü, êîòîðàÿ èçìåðÿëàñü 
ìåòîäîì Ðîêâåëëà ïî øêàëå Ñ (HRC). Ïîñëå 
óäàëåíèÿ ñëåäîâ òåðìîîáðàáîòêè òâåðäîñòü 
êîíòðîëèðîâàëàñü íàíåñåíèåì 5 îòïå÷àòêîâ 
ïî âñåé ïëîùàäè ïîâåðõíîñòè òðåíèÿ ñ ïî-
ñëåäóþùèì âû÷èñëåíèåì ñðåäíåãî çíà÷åíèÿ. 
Êîíòðîëü HRC îñóùåñòâëÿëñÿ äî èñïûòàíèé è 
ïîñëå èõ ðåàëèçàöèè.

Èñïûòàíèå íà èçíàøèâàíèå ïðîâîäèëèñü â 
óñêîðåííîì ðåæèìå ñ èñïîëüçîâàíèåì óñòàíîâ-
êè ñîáñòâåííîé êîíñòðóêöèè, êîòîðàÿ ïîçâîëÿ-
åò â øèðîêîì äèàïàçîíå ìåíÿòü óñëîâèÿ ýêñïå-
ðèìåíòà, â òîì ÷èñëå è óãîë íàêëîíà îáðàçöà ê 
ãîðèçîíòó. Ýòî, â îïðåäåëåííîé ìåðå, èìèòèðóåò 
èçíàøèâàíèå ðåàëüíûõ äåòàëåé. Â êà÷åñòâå àáðà-
çèâíîé ñðåäû èñïîëüçîâàëñÿ ùåáåíü ñ ðàçìåðàìè 
ôðàêöèé 5…20 ìì. Âðåìÿ èñïûòàíèé 120 ìèí.

Ðåçóëüòàòû èññëåäîâàíèÿ 
è èõ îáñóæäåíèå
Óâåëè÷åíèå òåìïåðàòóðû ÒÎ ïðèâîäèò ê 

çíà÷èòåëüíîìó ðîñòó òâåðäîñòè, ÷òî ñîîòâåò-
ñòâóåò ïîëîæåíèÿì ìåòàëëîâåäåíèÿ è ñâÿçàíî 
ñ ôàçîâûìè ïðåâðàùåíèÿìè (ðèñ. 1) [8] è èçìå-
íåíèåì ñòðóêòóðû.

Â ñîîòâåòñòâèè ñ ïîëó÷åííûìè äàííûìè ìè-
íèìàëüíàÿ òâåðäîñòü (15…20 HRC) õàðàêòåðíà 
äëÿ òåðìîîáðàáîòêè ñ òåìïåðàòóðîé 720…760 Ñ 
è ïðèìåðíî ðàâíà òâåðäîñòè ìåòàëëà ëåìåõà â 
ñîñòîÿíèè ïîñòàâêè. Òàêèå òåìïåðàòóðû (t) íå 
îêàçûâàþò çàìåòíîãî âëèÿíèÿ íà èçìåíåíèå 
ñòðóêòóðíûõ ñîñòàâëÿþùèõ ñòàëè èç-çà îò-
ñóòñòâèÿ ôàçîâûõ ïðåâðàùåíèé. Ïîñëåäóþùåå 
óâåëè÷åíèå t ïðèâîäèò ê äîñòàòî÷íî ðåçêîìó 
ïîâûøåíèþ HRC, è ïðè ÒÎ ñ òåìïåðàòóðîé 
860 Ñ çíà÷åíèå òâåðäîñòè ìàêñèìàëüíî è äî-
ñòèãàåò 55…58 HRC (ðèñ. 1). Òàêèì îáðàçîì, 
ïóòåì ÒÓ ìîæíî ïîâûñèòü âåëè÷èíó òâåðäîñòè 
ñòàëè Ë53 áîëåå ÷åì â 3 ðàçà ïî ñðàâíåíèþ ñ åå 
çíà÷åíèåì ó ëåìåõîâ çàâîäñêîãî èñïîëíåíèÿ.
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Àíàëîãè÷íûé õàðàêòåð èìååò è çàâèñè-
ìîñòü ìåæäó èçíîñîñòîéêîñòüþ (ñ) è òåìïåðà-
òóðîé ÒÎ (ðèñ. 2). Òî åñòü ñòîéêîñòü ê àáðàçèâ-
íîìó èçíàøèâàíèþ çà ñ÷åò òåðìîóïðî÷íåíèÿ 
òàêæå ìîæíî ïîâûñèòü ïðèìåðíî â 2,5…3 ðàçà. 
Íàáëþäàåìûå ðàññåèâàíèå îïûòíûõ äàííûõ 
ïî èçíîñîñòîéêîñòè îáóñëîâëåííî ñëîæíîñòüþ 
ïðîöåññîâ àáðàçèâíîãî èçíàøèâàíèÿ. 

Â ïðàêòè÷åñêîì ïëàíå óâåëè÷åíèå èçíîñî-
ñòîéêîñòè ëåìåõîâ, îñîáåííî äîëîòîîáðàçíîé 
÷àñòè, ïîçâîëèò çíà÷èòåëüíî óâåëè÷èòü ðåñóðñ 
ëåìåõîâ çà ñ÷åò ñíèæåíèÿ òåìïà èçíàøèâàíèÿ 
çàãëóáëÿþùåé îáëàñòè è îáðàçîâàíèÿ ëó÷å-
âèäíîãî èçíîñà.

Äëÿ äàííîé ñòàëè è ïðèìåíÿåìîé òåðìîîá-
ðàáîòêè íå ïðîèñõîäèò ïîëíîãî ìàðòåíñèòíîãî 
ïðåâðàùåíèÿ, õîòÿ òâåðäîñòü ïðè ÒÓ ñ òåìïå-

ðàòóðîé 860 Ñ äîñòàòî÷íî áëèçêà ê òâåðäîñòè 
ýòîé ñòðóêòóðû. Êðîìå òîãî, ïðè âíèìàòåëü-
íîì ðàññìîòðåíèè ãðàôèêîâ (ðèñ. 1 è 2) îòìå-
÷àåòñÿ ïàäåíèå HRC è èçíîñîñòîéêîñòè ïðè ÒÎ 
ñ òåìïåðàòóðîé 860 Ñ, ñâÿçàííîå ñ îõðóï÷èâà-
íèåì ñòðóêòóðû, ÷òî äåëàåò íåöåëåñîîáðàçíûì 
ïðîâåäåíèå òàêîãî òåðìîóïðî÷íåíèÿ. Ïîýòîìó 
åñòü îñíîâàíèå äëÿ èñêëþ÷åíèÿ òàêîé äîïîë-
íèòåëüíîé îïåðàöèè, êàê îòïóñê. Áîëåå òîãî, 
èñõîäÿ èç èññëåäîâàíèé [9], ãäå ïîêàçàíî, ÷òî 
îïòèìàëüíàÿ òâåðäîñòü ëåìåõîâ ñîñòàâëÿåò 
îêîëî 50…53 HRC, ñëåäóåò ïðîâîäèòü çàêàëêó 
ñ òåìïåðàòóðîé 820…830 Ñ è îõëàæäåíèåì â 
âîäå, ÷òî ïîçâîëÿåò èçáåæàòü âûñîêîãî óðîâíÿ 
îñòàòî÷íûõ íàïðÿæåíèé è çíà÷èòåëüíî ñíè-
çèòü ñêëîííîñòü ñòàëè ê îáðàçîâàíèþ òðåùèí 
è ðàçðóøåíèþ áåç ïðèìåíåíèÿ îòïóñêà. 

Ðèñ. 1. Èçìåíåíèå òâåðäîñòè HRC ñòàëè Ë53 ïðè îõëàæäåíèè â âîäå ñ ðàçëè÷íûìè òåìïåðàòóðàìè

Ðèñ. 2. Âëèÿíèå òåìïåðàòóðû òåðìîîáðàáîòêè (îõëàæäåíèå â âîäå) íà èçíîñîñòîéêîñòü ñòàëè Ë53
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Ïîäòâåðæäåíèåì âûøåèçëîæåííîìó ñëóæàò 
ïîëíîìàñøòàáíûå ìíîãîëåòíèå ïîëåâûå èñïû-
òàíèÿ øòàìïîñâàðíûõ ëåìåõîâ ñ òåðìîóïðî÷-
íåííûìè äîëîòàìè, ïðîâåäåííûå ñîòðóäíèêà-
ìè Áðÿíñêîãî ÃÀÓ, êîòîðûå ïîêàçàëè âûñîêóþ 
òåõíîëîãè÷åñêóþ è ýêîíîìè÷åñêóþ ýôôåêòèâ-
íîñòü òàêèõ äåòàëåé. Ïðè ýòîì íàáëþäåíèÿìè 
óñòàíîâëåíî 100%-å îòñóòñòâèå òðåùèí, òåì 
áîëåå ðàçðóøåíèé.

Âûâîäû
1. Ïðèìåíåíèå òåðìîóïðî÷íåíèÿ äëÿ ñòàëè 

Ë53 ïîçâîëèò óâåëè÷èòü ñòîéêîñòü ê àáðàçèâ-
íîìó èçíàøèâàíèþ â 2,5…3 ðàçà.

2. Ïðè ïðîâåäåíèè óïðî÷íÿþùåé òåðìîîá-
ðàáîòêè ðåêîìåíäóåòñÿ íàãðåâ ñ òåìïåðàòóðîé 
820…830 Ñ, ÷òî ïîçâîëÿåò èñêëþ÷èòü îïåðà-
öèþ îòïóñêà.

3. Èñïîëüçîâàíèå òåðìîîáðàáîòêè äëÿ 
óëó÷øåíèÿ ñëóæåáíûõ ñâîéñòâ ñòàëè Ë53 ÿâ-
ëÿåòñÿ îáîñíîâàííîé, à ïî îòíîøåíèþ ê ïîâû-
øåíèþ èçíîñîñòîéêîñòè ëåìåõîâ, íåîáõîäèìîé 
îïåðàöèåé ïðè èõ èçãîòîâëåíèè.
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