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Ïðèñóòñòâèå â ñîâðåìåííîì çåìëåäåëèè èíòåíñèâíûõ òåõíîëîãèé âîçäåëûâàíèÿ ñåëüñêîõîçÿéñòâåííûõ êóëü-
òóð ñïîñîáñòâóåò ïîâûøåííîé èíòåíñèâíîñòè èçíàøèâàíèÿ ïëóæíûõ ëåìåõîâ âñëåäñòâèå âûñîêèõ ñêîðîñòåé 
ïàõîòû. Ïðèìåíåíèå èçâåñòíûõ ìåòîäîâ óïðî÷íåíèÿ ñâîäèòñÿ ê èñïîëüçîâàíèþ òâåðäûõ ñïëàâîâ â êà÷åñòâå 
ïîêðûòèé ðàáî÷èõ ïîâåðõíîñòåé, ÷òî â íàñòîÿùåå âðåìÿ íå ïîçâîëÿåò äîñòè÷ü ñóùåñòâåííîãî óâåëè÷åíèÿ 
ðåñóðñà ëåìåõîâ, îñîáåííî èõ îñòîâîâ (åñëè ëåìåõ ñîñòàâíîé). Ïðè÷èíîé ýòîãî ñëåäóåò ñ÷èòàòü îòñóòñòâèå 
ïðîòèâîàáðàçèâíîãî ïîêðûòèÿ ïî âñåìó îáúåìó ïîâåðõíîñòè òðåíèÿ äåòàëè, ëèìèòèðóþùåé ðàáîòîñïîñîáíîå 
ñîñòîÿíèå, êîòîðàÿ äîñòèãàåò äî 50 è áîëåå ìèëëèìåòðîâ (ïîäðåçàþùå-ëåçâèéíàÿ îáëàñòü). Ñòîëü çíà÷èòåëü-
íàÿ âåëè÷èíà ïîçâîëÿåò èñïîëüçîâàòü ðàçëè÷íûå òåõíîëîãè÷åñêèå âàðèàíòû ïîâûøåíèÿ ñòîéêîñòè ê àáðàçèâ-
íîìó èçíàøèâàíèþ, âêëþ÷àÿ ïðèìåíåíèå àáðàçèâîñòîéêèõ ìàòåðèàëîâ ðàçëè÷íîé ïðèðîäû. Ïîýòîìó áûëà 
ïîñòàâëåíà çàäà÷à ïî ðàçðàáîòêå è ïðîâåðêå â ðåàëüíûõ óñëîâèÿõ òåõíîëîãèè óïðî÷íåíèÿ, êîòîðàÿ îáåñïå÷è-
âàåò çíà÷èòåëüíîå ïîâûøåíèå àáðàçèâíîé ñòîéêîñòè è ðåñóðñà ïðè ñîõðàíåíèè ãåîìåòðè÷åñêèõ ïàðàìåòðîâ, 
óñòàíîâëåííûõ òåõíè÷åñêèìè óñëîâèÿìè ïðè âûïîëíåíèè àãðîòåõíè÷åñêèõ òðåáîâàíèé â ïðîöåññå îáðàáîòêè 
ïî÷âû. Ïðåäëàãàåìûé òåõíîëîãè÷åñêèé ïðîöåññ óïðî÷íåíèÿ ñîñòîèò â íàïëàâêå ëåçâèÿ íà òûëüíîé ñòîðîíå 
îñòîâà ñîñòàâíîãî ïëóæíîãî ëåìåõà òâåðäûì ñïëàâîì; íà ðàáî÷åé ïîâåðõíîñòè ôîðìèðóþòñÿ äâà âàëèêà ïî-
âûøåííîé òâåðäîñòè ïî ãðàíèöàì ëåçâèéíîé è ïîäðåçàþùåé îáëàñòåé, à ïðîìåæóòîê ìåæäó íèìè çàïîëíÿåòñÿ 
êëååïîëèìåðíûì àáðàçèâîñòîéêèì êîìïîçèòîì. Ïðè ýòîì âñÿ ïëîùàäü ðàáî÷åé ïîâåðõíîñòè (ïîâåðõíîñòè 
òðåíèÿ) ïîäðåçàþùå-ëåçâèéíîé ÷àñòè îõâàòûâàåòñÿ óïðî÷íÿþùèìè ïîêðûòèÿìè (íàïëàâëåííûì ìåòàëëîì è 
êîìïîçèòîì). Àïðîáàöèÿ ðàçðàáîòàííîé òåõíîëîãèè óïðî÷íåíèÿ ñ ïðèìåíåíèåì ñïëàâîâ ïîâûøåííîé òâåð-
äîñòè è àáðàçèâîñòîéêîãî ïîëèìåðíîãî êîìïîçèòà íà ýïîêñèäíîé îñíîâå ñ ãðàâèéíûì íàïîëíèòåëåì ïîêàçàëà 
óâåëè÷åíèå ðåñóðñà äåòàëåé â 1,6 ðàçà â ñðàâíåíèè ñ èçäåëèÿìè çàâîäñêîãî èñïîëíåíèÿ. 
Êëþ÷åâûå ñëîâà: ñëóæåáíûå ñâîéñòâà, îñòîâ ëåìåõà, èçíîñîñòîéêîñòü, ðåñóðñ, àáðàçèâîñòîéêèå ìàòåðèàëû, 
íàïëàâêà, ïîëèìåðíûå êîìïîçèòû.

The presence of intensive cultivation of agricultural crops in modern agriculture contributes to the in-creased wear 
rate of plowshares due to high plowing speeds. The use of well-known hardening methods is reduced to the use of 
hard alloys as coatings for working surfaces, which currently does not allow that currently does not allow to achieve 
a significant increase in the resource of the ploughshares, especially their frame (if the ploughshare is composite). 
The reason for this is the absence of an anti-abrasive coating over the entire volume of the friction surface of the part, 
which limits the working condition, which reaches 50 or more millimeters (undercutting-blade area). Such a signif-
icant value allows the use of various technological options to improve the resistance to abrasive wear, including the 
use of abrasion-resistant materials of different nature. Therefore, the task was to develop and test in real conditions the 
hardening technology, which provides a significant increase in abrasive resistance and durability, while maintaining 
the geometric parameters established by the technical conditions when performing agrotechnical requirements for 
tillage. The proposed technological process of hardening consists in surfacing the blade on the back side of the frame 
of the composite plowshare with a hard alloy. On the working surface, two rollers of increased hardness are formed 
along the edges of the blade and undercut areas, and the gap between them is filled with a glue-resin abrasive resistant 
composite. In this case, the entire area of the working surface (friction surface) of the undercutting-blade part is cov-
ered by reinforcing coatings (weld metal and composite). As a result of testing the developed hardening technology 
with the use of high-hardness alloys and an abrasion-resistant epoxy-based polymer composite with gravel filler, the 
durability of parts was increased by a factor of 1,6 compared with factory-made components.
Keywords: service properties, plowshare frame, wear resistance, durability, abrasion-resistant materials, surfacing, 
polymer composites.
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 Ââåäåíèå
Èñïîëüçîâàíèå èíòåíñèâíûõ òåõíîëîãèé 

âîçäåëûâàíèÿ ñåëüñêîõîçÿéñòâåííûõ êóëüòóð 
ïðèâåëî ê óâåëè÷åíèþ ñêîðîñòè îáðàáîòêè 
ïî÷âû, ÷òî ñóùåñòâåííî ïîâûñèëî èíòåíñèâ-
íîñòü èçíàøèâàíèÿ ñîñòàâíûõ ëåìåõîâ ïëóæ-
íûõ êîðïóñîâ ïðè ïàõîòå [1]. Ïîýòîìó áûë 
ïðåäëîæåí ðÿä ìåòîäîâ, íàïðàâëåííûõ íà îáå-
ñïå÷åíèå óâåëè÷åííîé ñòîéêîñòè ê àáðàçèâ-
íîìó èçíàøèâàíèþ ýòèõ äåòàëåé [2, 3]. Êàê 
ïðàâèëî, ïðîòèâîèçíîñíûå òåõíîëîãè÷åñêèå 
ìåðîïðèÿòèÿ ñâîäÿòñÿ ê íàíåñåíèþ ïîêðûòèé 
ïîâûøåííîé òâåðäîñòè íà ó÷àñòêàõ ðàáî÷åé 
ïîâåðõíîñòè, ãäå íàèáîëåå âåðîÿòíî ïîÿâëåíèå 
èçíîñà [4, 5]. Â ýòîì ñëó÷àå âåëè÷èíà ðåñóðñà 
ñîñòàâíûõ ëåìåõîâ ëèìèòèðóåòñÿ ïðåäåëü-
íûì ñîñòîÿíèåì îñòîâà, îïðåäåëÿåìûì äî-
ïóñòèìûì èçíîñîì ïî øèðèíå ïîäðåçàþùå-
ëåçâèéíîé îáëàñòè. Â ñâîþ î÷åðåäü, ðàçìåð 
ïî øèðèíå ýòîé îáëàñòè ñîñòàâëÿåò íå ìåíåå 
50 ìì, ÷òî ïîçâîëÿåò ïðîâîäèòü óïðî÷íÿþùèå 
ìåðîïðèÿòèÿ, ñâÿçàííûå ñ íàíåñåíèåì àáðà-
çèâîñòîéêèõ çàùèòíûõ ïîêðûòèé â øèðîêîì 
äèàïàçîíå òåõíîëîãè÷åñêèõ âàðèàíòîâ è ãåîìå-
òðè÷åñêèõ ñõåì, íå îêàçûâàÿ çàìåòíîãî âëèÿ-
íèÿ íà êîíôèãóðàöèþ äåòàëè, óñòàíîâëåííóþ 
àãðîòåõíè÷åñêèìè òðåáîâàíèÿìè. Ñïîñîáû 
óïðî÷íåíèÿ ïîäîáíîãî ïëàíà èçâåñòíû, íî èì 
ïðèñóù ðÿä íåäîñòàòêîâ, íå ïîçâîëÿþùèõ â 
ïîëíîé ìåðå ðåàëèçîâàòü ïîòåíöèàëüíûå âîç-
ìîæíîñòè äåòàëè ïî ïîâûøåíèþ ðåñóðñà è ñî-
ïðîòèâëÿåìîñòè àáðàçèâíîìó èçíàøèâàíèþ. 
Íàïðèìåð, íàíåñåíèå íà ëåçâèéíóþ îáëàñòü ñ 
òûëüíîé ñòîðîíû èçíîñîñòîéêîãî ìàòåðèàëà 
(ñîðìàéòà) [6] èëè ïðîâåäåíèå óïðî÷íÿþùåé 
íàïëàâêè ýòîé æå îáëàñòè ñïëàâîì, îáåñïå-
÷èâàþùèì òâåðäîñòü íàíåñåííîãî ìàòåðèàëà 
58–62 HRC ñ ïðèñóòñòâèåì â åãî ñòðóêòóðå 
êàðáèäîâ è êàðáîáîðèäîâ ïî âñåé äëèíå è íà 
âñþ øèðèíó ëåçâèÿ [7], íå ïîçâîëÿåò óïðî÷-
íèòü âåñü îáúåì ïîäðåçàþùå-ëåçâèéíîé ÷àñòè 
îñòîâà, íå èñïîëüçóÿ èìåþùèéñÿ ïîòåíöèàë ïî 
ïîâûøåíèþ àáðàçèâíîé èçíîñîñòîéêîñòè èçäå-
ëèÿ â öåëîì è, ñëåäîâàòåëüíî, åãî ðåñóðñà.

Öåëü èññëåäîâàíèÿ
Öåëüþ ïðåäñòàâëÿåìûõ èçûñêàíèé ÿâëÿåòñÿ 

ðàçðàáîòêà òåõíîëîãèè óïðî÷íåíèÿ è âíåñåíèå 
èçìåíåíèé â êîíñòðóêöèþ ïëóæíîãî ëåìåõà, 
îáåñïå÷èâàþùèõ ñóùåñòâåííîå ïîâûøåíèå 
àáðàçèâíîé ñòîéêîñòè è ðåñóðñà, ïðè ñîõðàíå-
íèè íîðìèðîâàííûõ ãåîìåòðè÷åñêèõ ïàðàìå-

òðîâ è âûïîëíåíèè àãðîòåõíè÷åñêèõ òðåáîâà-
íèé ïðè îáðàáîòêå ïî÷âû, à òàêæå ïðîâåäåíèå 
íàòóðíûõ ñðàâíèòåëüíûõ èñïûòàíèé íà ïðåä-
ìåò îïðåäåëåíèÿ íàðàáîòêè äî ïðåäåëüíîãî ñî-
ñòîÿíèÿ è ñðàâíèòåëüíîé ýôôåêòèâíîñòè ïðåä-
ëàãàåìûõ ìåðîïðèÿòèé. 

Ìàòåðèàëû. Îïûòíûå îáðàçöû. 
Òåõíîëîãèÿ. Ìåòîäèêà èññëåäîâàíèé
Ìàòåðèàëàìè äëÿ ïðîâåäåíèÿ ýêñïåðè-

ìåíòîâ ñëóæèëè: ýëåêòðîäû îòå÷åñòâåííîãî 
ïðîèçâîäñòâà Ò-590, îáåñïå÷èâàþùèå íàëè-
÷èå â ñòðóêòóðå íàïëàâëåííîãî ìåòàëëà êàð-
áèäíûõ è êàðáîáîðèäíûõ âêëþ÷åíèé ñ òâåð-
äîñòüþ ïîâåðõíîñòè íå ìåíåå 62 HRC – äëÿ 
ïðîâåäåíèÿ íàïëàâêè óïðî÷íÿþùèõ âàëèêîâ; 
ýïîêñèäíî-ãðàâèéíûé êîìïîçèò, ñîñòîÿùèé 
èç êëååâîé êîìïîíåíòû (ýïîêñèäíàÿ ñìîëà 
ÝÄ-20-100 ìàñ. ÷., îòâåðäèòåëü, ïîëèýòèëåí-
ïîëèàìèí – 10 ìàñ. ÷.) è ãðàâèéíîé êðîøêè ñ 
äèñïåðñíîñòüþ ÷àñòèö 1–2 ìì è òâåðäîñòüþ íå 
ìåíåå 7 åäèíèö ïî øêàëå Ìîîñà (ñîîòíîøåíèå 
êîìïîíåíòîâ â êîìïîçèòå ñîñòàâëÿåò 50  % 
ýïîêñèäíîé ìàòðèöû è 50 % ãðàâèéíîãî íà-
ïîëíèòåëÿ) – äëÿ íàíåñåíèÿ ïîêðûòèÿ ìåæäó 
ñôîðìèðîâàííûìè íà ðàáî÷åé ïîâåðõíîñòè 
ïîäðåçàþùå-ëåçâèéíîé ÷àñòè îñòîâà ëåìåõà âà-
ëèêàìè.

Â êà÷åñòâå îïûòíûõ îáðàçöîâ âûñòóïàëè 
âîññòàíîâëåííûå ïî ìåòîäó «òåðìîóïðî÷íåí-
íûõ êîìïåíñèðóþùèõ ýëåìåíòîâ» îñòîâû ñî-
ñòàâíûõ ëåìåõîâ êîìïàíèè «Ôîãåëü è Íîîò» 
[8] (ðèñ. 1). Â äàííîì ñëó÷àå âìåñòî ïðåäåëü-
íî èçíîøåííîé ïîäðåçàþùå-ëåçâèéíîé ÷àñòè 
ââàðèâàëàñü âñòàâêà èç òåðìîóïðî÷íåííîé íà 
òâåðäîñòü 45–48 HRC ðåññîðíî-ïðóæèííîé 
ñòàëè. (Íå èñêëþ÷àåòñÿ èñïîëüçîâàíèå â êà÷å-
ñòâå ýêñïåðèìåíòàëüíûõ äåòàëåé îñòîâîâ çà-
âîäñêîãî èñïîëíåíèÿ, à òàêæå èçäåëèé äðóãèõ 
êîìïàíèé.)

Ðèñ. 1. Îñòîâ ñîñòàâíîãî ëåìåõà, 
âîññòàíîâëåííûé ïî ìåòîäó «òåðìîóïðî÷íåííûõ 

êîìïåíñèðóþùèõ ýëåìåíòîâ»
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Òåõíîëîãè÷åñêèé ïðîöåññ óïðî÷íåíèÿ çà-
êëþ÷àåòñÿ â ñëåäóþùåì (ñì. ðèñ. 2). Òûëüíàÿ 
ñòîðîíà 2 âîññòàíîâëåííîãî îñòîâà ñîñòàâíîãî 
ïëóæíîãî ëåìåõà (âûäåëåíà óòîëùåííûìè ëè-
íèÿìè) íàïëàâëÿåòñÿ àáðàçèâîñòîéêèì ñïëàâîì 
3 íà âåëè÷èíó çàòî÷êè; íà ðàáî÷åé (íàðóæíîé) 
ïîâåðõíîñòè, òåì æå àáðàçèâîñòîéêèì ñïëàâîì 
íàíîñÿòñÿ äâà âàëèêà; ïåðâûé (4) íàïëàâëÿåòñÿ 
ñî ñòîðîíû ëåçâèéíîé îáëàñòè, è åãî íèæíåé 
ãðàíèöåé ñëóæèò âåðõíåå ñå÷åíèå ëåçâèÿ 5; 
âòîðîé âàëèê (6) ôîðìèðóåòñÿ â âåðõíåé ÷àñòè 
ïîäðåçàþùåé îáëàñòè 7 è åãî âåðõíåé ãðàíèöåé 
ÿâëÿåòñÿ ñå÷åíèå 8, îãðàíè÷èâàþùåå ýòó îá-
ëàñòü; â ïðîìåæóòêå ìåæäó ñôîðìèðîâàííûìè 
âàëèêàìè íàíîñèòñÿ êëååïîëèìåðíûé  àáðàçè-
âîñòîéêèé êîìïîçèò 9. Ïðè ýòîì âñÿ ïëîùàäü 
ðàáî÷åé ïîâåðõíîñòè (ïîâåðõíîñòè òðåíèÿ) ïîä-
ðåçàþùå-ëåçâèéíîé ÷àñòè äîëæíà áûòü îõâà÷å-
íà óïðî÷íÿþùèìè ïîêðûòèÿìè (íàïëàâëåííûì 
ìåòàëëîì è êîìïîçèòîì), ò.å. ïîêðûòèÿ ðàñïî-
ëàãàþòñÿ ïî âñåé äëèíå äåòàëè.

Ðèñ. 2. Ïîïåðå÷íîå ñå÷åíèå óïðî÷íåííîãî îñòîâà 
ñîñòàâíîãî ëåìåõà

Íàïëàâêà ïðîòèâîàáðàçèâíîãî ïîêðûòèÿ 
ïðîâîäèòñÿ êàê íà òûëüíóþ, òàê è íà ðàáî÷óþ 
ïîâåðõíîñòü ñ ïîâûøåííîé ãëóáèíîé ïðîïëàâ-
ëåíèÿ, êîòîðîå ïîçâîëèò ñíèçèòü âëèÿíèå ôàê-
òîðà «ñêàëûâàíèÿ» ìåòàëëà âàëèêà, ñôîðìèðî-
âàííîãî íà çàäíåé ÷àñòè ëåçâèÿ îò âîçäåéñòâèÿ 

óäàðíûõ íàãðóçîê ñî ñòîðîíû ïî÷âû, êîòîðûå 
íåïîñðåäñòâåííî âîçäåéñòâóþò íà íàïëàâëåí-
íûé ìàòåðèàë èç-çà ïðèñóòñòâèÿ ýôôåêòà «ñà-
ìîçàòà÷èâàíèÿ». Äðóãîé ôóíêöèåé òûëüíîé íà-
ïëàâêè ëåçâèÿ ÿâëÿåòñÿ îáåñïå÷åíèå ñíèæåíèÿ 
óðîâíÿ îñòàòî÷íûõ íàïðÿæåíèé, íàâåäåííûõ 
ïîñëåäóþùåé íàïëàâêîé âàëèêîâ íà ðàáî÷óþ 
ïîâåðõíîñòü, è, êàê ñëåäñòâèå, óìåíüøåíèå âå-
ðîÿòíîñòè íàðóøåíèÿ êîíôèãóðàöèè îñòîâà, 
îãîâîðåííîé òåõíè÷åñêèìè óñëîâèÿìè íà èçãî-
òîâëåíèå. Âûñîòà íàíåñåííîãî ìåòàëëà â ýòîì 
ñëó÷àå íå äîëæíà ïðåâûøàòü 2 ìì îòíîñèòåëü-
íî ïîâåðõíîñòè äåòàëè.

Øèðèíà óïðî÷íÿþùèõ âàëèêîâ, ñôîðìèðî-
âàííûõ íà ïîâåðõíîñòè òðåíèÿ ïîäðåçàþùå-
ëåçâèéíîé îáëàñòè, ñîñòàâëÿåò îò 15 äî 20 ìì, 
à èõ âûñîòà – íå áîëåå 2 ìì. Òàêèå èõ ãåîìå-
òðè÷åñêèå ïàðàìåòðû ïîçâîëÿþò èçáåæàòü 
ñóùåñòâåííîãî ïðèðàùåíèÿ òÿãîâîãî ñîïðî-
òèâëåíèÿ, à áîëüøàÿ ãëóáèíà ïðîïëàâëåíèÿ–
âûêðàøèâàíèÿ òâåðäîãî ñëîÿ ïðè êîíòàêòèðî-
âàíèè ñ âêëþ÷åíèÿìè çíà÷èòåëüíîé âåëè÷èíû 
è òâåðäîñòè.

Ïðîñòðàíñòâî ìåæäó âàëèêàìè 4 è 6 (ðèñ. 2) 
çàïîëíÿåòñÿ ïîëèìåðíûì ñàìîòâåðäåþùèì 
êîìïîçèòîì íà êëååâîé îñíîâå ñ äèñïåðñíûì íà-
ïîëíèòåëåì 9, â êîòîðîì íàïîëíèòåëü âûïîëíÿ-
åò ôóíêöèþ ïðîòèâîàáðàçèâíîé ñîñòàâëÿþùåé. 
Ïðèìåíåíèå òàêîãî ðîäà ïîêðûòèÿ ïîçâîëÿåò 
èçáåæàòü íåãàòèâíîãî âëèÿíèÿ íà ôîðìó ëåìåõà 
îñòàòî÷íûõ íàïðÿæåíèé â ñèëó èõ îòñóòñòâèÿ è 
îáåñïå÷èòü çàùèòó âñåé ïëîùàäè êîíòàêòèðóþ-
ùåé ñ ïî÷âîé ïîâåðõíîñòè îò àáðàçèâíîãî âîç-
äåéñòâèÿ. Ôîðìèðîâàíèå êîìïîçèöèîííîãî ìà-
òåðèàëà íà ïîâåðõíîñòè ïðîèñõîäèò â æèäêîì 
ñîñòîÿíèè, ÷òî ïîçâîëÿåò ñêîïèðîâàòü (âîñïðî-
èçâåñòè) åå ãåîìåòðèþ. Òîëùèíà ïîêðûòèÿ íå 
äîëæíà ïðåâûøàòü 2 ìì, ïî ïðèìåðó âàëèêîâ. 
Â ñâîþ î÷åðåäü, âàëèêè áóäóò âûïîëíÿòü ôóíê-
öèþ óïîðîâ äëÿ äàííîãî ïîêðûòèÿ, îáåñïå÷èâàÿ 
òåì ñàìûì ïîâûøåíèå åãî ñîïðîòèâëÿåìîñòè 
íàïðÿæåíèÿì ñäâèãà, âîçíèêàþùèì â ðåçóëüòà-
òå ñèëîâîãî âîçäåéñòâèÿ ïî÷âû.

Óïðî÷íåííûé ïîäîáíûì îáðàçîì âîññòàíîâ-
ëåííûé îñòîâ ïðåäñòàâëåí íà ðèñ. 3.

Ïîëåâûå èñïûòàíèÿ ïðîâîäèëèñü â ïåðèîä 
çÿáëåâîé âñïàøêè íà ïîëÿõ ñ ïðåèìóùåñòâåí-
íî ñóïåñ÷àíîé ïî÷âîé â þãî-çàïàäíîì ðåãèî-
íå Ðîññèéñêîé Ôåäåðàöèè. Ïàõîòíûé àãðåãàò 
ñîñòîÿë èç òðàêòîðà Ê-744Ð3 è 16-êîðïóñíîãî 
îáîðîòíîãî ïëóãà êîìïàíèè «Ôîãåëü è Íîîò». 
Îäíîâðåìåííî èñïûòûâàëîñü 12 îïûòíûõ ëå-
ìåõîâ è 4 èçäåëèÿ â ñîñòîÿíèè ïîñòàâêè, ÷òî 
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ïîçâîëèëî ïîëó÷èòü äîñòîâåðíûå ñðàâíèòåëü-
íûå äàííûå. 

Èçíîñû ïî øèðèíå îñòîâà èñïûòóåìûõ îá-
ðàçöîâ êîíòðîëèðîâàëèñü â äèíàìèêå (ïåðè-
îäè÷åñêè) äî èñòèðàíèÿ êîìïåíñèðóþùåãî 
ýëåìåíòà â ðàçìåðå îêîëî 45 ìì â ñå÷åíèè ïî-
ñëåäíåãî êðåïåæíîãî îòâåðñòèÿ.

à 

á

Ðèñ. 3. Âîññòàíîâëåííûé è óïðî÷íåííûé îñòîâ 
ñîñòàâíîãî ëåìåõà êîìïàíèè «Ôîãåëü è Íîîò»: 

à – ëèöåâàÿ ñòîðîíà; á – òûëüíàÿ ñòîðîíà

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ 
èññëåäîâàíèé è èõ îáñóæäåíèå
Íàëè÷èå òâåðäûõ íàïëàâëåííûõ âàëèêîâ ñ 

HRC íå ìåíåå 62 åäèíèö è ïðîòèâîàáðàçèâíî-
ãî êîìïîçèòà íà ðàáî÷åé ïîâåðõíîñòè îñòîâà ñ 

îõâàòîì âñåãî îáúåìà ïîäðåçàþùå-ëåçâèéíîé 
îáëàñòè îáåñïå÷èâàåò çíà÷èòåëüíûé ïðèðîñò 
ðåñóðñà. Êàê ïîêàçûâàþò ïîëó÷åííûå ðåçóëü-
òàòû, íàðàáîòêà íà îòêàç îñòîâà â çàâîäñêîì 
èñïîëíåíèè ñîñòàâëÿåò îêîëî 27 ãà (ðèñ. 4, 
ëèíèÿ 1). Â ñâîþ î÷åðåäü, ýòîò ïîêàçàòåëü äëÿ 
âîññòàíîâëåííûõ è óïðî÷íåííûõ (ìîäåðíè-
çèðîâàííûõ) äåòàëåé äîõîäèò äî 43 ãà (ðèñ. 4, 
ëèíèÿ 2). 

Ïðèìåíåíèå ïðåäëàãàåìîé òåõíîëîãèè âîñ-
ñòàíîâëåíèÿ ñ îäíîâðåìåííûì óïðî÷íåíèåì è 
ñâÿçàííîãî ñ íåé èçìåíåíèå êîíñòðóêòèâíîãî 
èñïîëíåíèÿ îñòîâà ñîñòàâíîãî ëåìåõà ïëóãà 
ïîçâîëÿåò ñóùåñòâåííî óâåëè÷èòü ðåñóðñ è 
àáðàçèâíóþ èçíîñîñòîéêîñòü (ðèñ. 4), êîòîðàÿ 
â 1,6 ðàçà ïðåâûøàåò èçíîñîñòîéêîñòü îñòîâà â 
ñîñòîÿíèè ïîñòàâêè. 

Ïðè ýòîì çàìåòíîãî âîçäåéñòâèÿ òåõíî-
ëîãè÷åñêèõ îïåðàöèé íà ãåîìåòðèþ äåòàëè è 
îòêëîíåíèé îò àãðîòåõíè÷åñêèõ òðåáîâàíèé 
ïðè ïàõîòå íå íàáëþäàëîñü. Íóæíî îòìåòèòü, 
÷òî ðàçðàáîòàííûé è àïðîáèðîâàííûé ìåòîä 
ìîæíî èñïîëüçîâàòü è ïðè óïðî÷íåíèè äðóãèõ 
äåòàëåé ïî÷âîîáðàáàòûâàþùèõ îðóäèé.

Âûâîäû
1. Ïðåäëàãàåìûé ìåòîä óïðî÷íåíèÿ îñòîâîâ 

ñîñòàâíûõ ïëóæíûõ ëåìåõîâ çàêëþ÷àåòñÿ â 
èñïîëüçîâàíèè íàïëàâêè ñïëàâîâ ïîâûøåííîé 
òâåðäîñòè è íàíåñåíèè àáðàçèâîñòîéêîãî êëåå-
ïîëèìåðíîãî êîìïîçèòà íà îáëàñòü äåòàëè, ëè-
ìèòèðóþùåé åå ïðåäåëüíîå ñîñòîÿíèå.

2. Àïðîáàöèÿ òåõíîëîãèè ïîêàçàëà åå âû-
ñîêóþ ïîëîæèòåëüíóþ ýôôåêòèâíîñòü, âû-

Ðèñ. 4. Çàâèñèìîñòü èçíîñà îò íàðàáîòêè: 
1 – îñòîâ â ñîñòîÿíèè ïîñòàâêè; 2 – âîññòàíîâëåííûé è óïðî÷íåííûé îñòîâ
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ðàæàþùóþñÿ â çíà÷èòåëüíîì óâåëè÷åíèè ðå -
ñóðñà óïðî÷íåííûõ äåòàëåé â ñðàâíåíèè ñ çà-
âîäñêèìè.
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