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THE INFLUENCE OF THE REINFORCEMENT 
OF THE CHISEL-SHAPED AREA OF THE PLOUGHSHARE 
ON THE CHANGE IN THE GEOMETRIC PARAMETERS 
OF RADIAL WEAR DURING OPERATION

Îáðàçîâàíèå ëó÷åâèäíîãî èçíîñà ÿâëÿåòñÿ îïðåäåëÿþùèì ôàêòîðîì ïðè ñíÿòèè ëåìåõîâ ñ ýêñïëóàòàöèè, òî åñòü 
äàííûé âèä èçíîñà îòíîñèòñÿ ê õàðàêòåðèñòèêàì ïðåäåëüíîãî ñîñòîÿíèÿ äåòàëè. Îòìå÷àåòñÿ, ÷òî äèíàìèêà åãî 
îáðàçîâàíèÿ è ðàçâèòèÿ îïðåäåëåííûì îáðàçîì âëèÿåò íà ðàçðàáîòêó òåõíè÷åñêèõ ïðîöåññîâ âîññòàíîâëåíèÿ 
ëåìåõîâ. Îäíàêî ïðîöåññ èçíàøèâàíèÿ â ýòîì ñëó÷àå íåëüçÿ ñ÷èòàòü äî êîíöà èçó÷åííûì, ïîýòîìó ðàáîòà ïîñâÿ-
ùåíà èññëåäîâàíèþ âûøåîçíà÷åííîãî âîïðîñà. Äëÿ èññëåäîâàíèé èñïîëüçîâàëèñü îïûòíûå ëåìåõà: â ñîñòîÿíèè 
ïîñòàâêè; ñ àðìèðîâàííîé äîëîòîîáðàçíîé ÷àñòüþ ýëëèïñîâèäíûìè âàëèêàìè; ñ àðìèðîâàííîé äîëîòîîáðàçíîé 
÷àñòüþ âàëèêàìè, ïåðïåíäèêóëÿðíûìè ê ïîëåâîìó îáðåçó; ñ àðìèðîâàííîé äîëîòîîáðàçíîé ÷àñòüþ âàëèêàìè 
ïåðïåíäèêóëÿðíûìè, ê ïîëåâîìó îáðåçó, è íàïëàâêîé çàãëóáëÿþùåé ÷àñòè íà äëèíó îêîëî 100 ìì. Â ðåçóëüòàòå 
ýêñïåðèìåíòîâ ïîëó÷åíû çàâèñèìîñòè èçìåíåíèÿ øèðèíû ëó÷åâèäíîãî èçíîñà â âèäå ôóíêöèè íàðàáîòêè è èç-
ìåíåíèÿ ãëóáèíû ëó÷åâèäíîãî èçíîñà â ïðîöåññå ïàõîòû. Äàíî îáúÿñíåíèå ïðîöåññà èçíàøèâàíèÿ ïðè îáðàçî-
âàíèè ëó÷åâèäíîãî èçíîñà äëÿ âñåõ èññëåäóåìûõ òåõíîëîãè÷åñêèõ âàðèàíòîâ. Âûÿâëåíî, ÷òî èçìåíåíèå ãåîìå-
òðè÷åñêèõ ïàðàìåòðîâ ëó÷åâèäíîãî èçíîñà (øèðèíà è ãëóáèíà) â ïðîöåññå çàðîæäåíèÿ è ðàçâèòèÿ èìååò åäèíûé 
õàðàêòåð è îäèíàêîâî äëÿ âñåõ òåõíîëîãè÷åñêèõ âàðèàíòîâ óïðî÷íåíèÿ íàïëàâî÷íûì àðìèðîâàíèåì; ïðè ýòîì 
íàèáîëüøåå ñîïðîòèâëåíèå îáðàçîâàíèþ ýòîãî äåôåêòà îêàçûâàåò àðìèðîâàíèå ïóòåì ôîðìèðîâàíèÿ âàëèêîâ 
ïåðïåíäèêóëÿðíî ê òðàåêòîðèè ïåðåìåùåíèÿ ïî÷âû ñ íàïëàâêîé çàãëóáëÿþùåé ÷àñòè íà äëèíó 100 ìì. 
Êëþ÷åâûå ñëîâà: íàïëàâî÷íîå àðìèðîâàíèå, íîñîê ëåìåõà, ëó÷åâèäíûé èçíîñ, ãåîìåòðè÷åñêèå ïàðàìåòðû, 
ýêñïëóàòàöèÿ.
Äëÿ öèòèðîâàíèÿ: Êîçàðåç È.Â., Ìèõàëü÷åíêîâà Ì.À., Ëàâðîâ Â.È., Ïåðåïå÷èíà Þ.È. Âëèÿíèå àðìèðîâà-
íèÿ äîëîòîîáðàçíîé îáëàñòè ëåìåõà íà èçìåíåíèå ãåîìåòðè÷åñêèõ ïàðàìåòðîâ ëó÷åâèäíîãî èçíîñà â ïåðèîä 
ýêñïëóàòàöèè // Òðàêòîðû è ñåëüõîçìàøèíû. 2021. № 3. Ñ. 69–75. DOI: 10.31992/0321-4443-2021-3-69-75.

The formation of radial wear is a decisive factor in the removal of shares from service, i.e. this type of wear refers to 
the characteristics of the limiting state of the part. It is noted that the dynamics of its formation and development in a 
certain way affects the development of technical processes for the restoration of plowshares. However, the process of 
wear, in this case, cannot be considered fully studied, therefore the work is devoted to the study of the above issue. 
Experienced plowshares were used for research: as delivered; with a reinforced chisel-shaped part with elliptical roll-
ers; with a reinforced chisel-shaped part with rollers perpendicular to the field edge; with a reinforced chisel-shaped 
part, rollers perpendicular to the field cut and surfacing of the buried part for a length of about 100 mm. As a result of 
experiments, the dependences of the change in the width of radial wear in the function of operating time and changes 
in the depth of radial wear in the process of plowing were obtained. An explanation of the process of wear during 
the formation of radial wear is given for all investigated technological options. It was revealed that the change in the 
geometric parameters of radial wear (width and depth) in the process of origin and development has a single character 
and is the same for all technological variants of hardening with surfacing reinforcement, while the greatest resistance 
to the formation of this defect is provided by reinforcement by forming beads perpendicular to the trajectory of soil 
movement with surfacing the deepening part to a length of 100 mm.
Keywords: surfacing reinforcement, share tip, radial wear, geometric parameters, operation.
Cite as: Kozarez I.V., Mikhal'chenkova M.A., Lavrov V.I., Perepechina YU.I. The influence of the reinforcement of 
the chisel-shaped area of the ploughshare on the change in the geometric parameters of radial wear during operation. 
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Ââåäåíèå
Â ñîîòâåòñòâèè ñ èññëåäîâàíèÿìè [1], ïðîâå-

äåííûìè íà ïî÷âàõ íå÷åðíîçåìüÿ ÐÔ, óñòàíîâëå-
íî, ÷òî áîëåå 80 % ïëóæíûõ ëåìåõîâ ñíèìàþòñÿ 
ñ ýêñïëóàòàöèè ïî ïðè÷èíå îáðàçîâàíèÿ ëó÷å-
âèäíîãî èçíîñà íîñîâîé ÷àñòè äåòàëè. Èçó÷åíèþ 
ñïåöèôèêè ïîÿâëåíèÿ òàêîãî âèäà èçíîñà â èç-
âåñòíûõ èíôîðìàöèîííûõ èñòî÷íèêàõ óäåëÿ-
ëîñü äîñòàòî÷íî áîëüøîå âíèìàíèå [2, 3]. Â òî æå 
âðåìÿ èññëåäîâàíèÿ ïî äèíàìèêå åãî ðàçâèòèÿ 
òðåáóþò ïðîäîëæåíèÿ. Íàïðèìåð, îòñóòñòâó-
þò ñâåäåíèÿ, îáúÿñíÿþùèå õàðàêòåð èçìåíåíèÿ 
øèðèíû (l

i
) è ãëóáèíû (k

i
) äåòàëåé çàâîäñêîãî èñ-

ïîëíåíèÿ, ïîäâåðãøèõñÿ óïðî÷íåíèþ íàïëàâî÷-
íûì àðìèðîâàíèåì (ÍÀ) â ïåðèîä ïðîâåäåíèÿ 
ïàõîòû ñóãëèíèñòûõ ïî÷â (â çàâèñèìîñòè îò íà-
ðàáîòêè (Ò)) [4]. Ïðè÷åì ìåòîä íàïëàâî÷íîãî àð-
ìèðîâàíèÿ ìîæåò ðåàëèçîâàòüñÿ â âèäå ðàçëè÷-
íûõ òåõíîëîãè÷åñêèõ ñõåì (âàðèàíòîâ).

Öåëü èññëåäîâàíèé
Âûÿâëåíèå õàðàêòåðà (äèíàìèêè) èçìåíå-

íèÿ l
i
 è k

i
 ëó÷åâèäíîãî èçíîñà ëåìåõîâ çàâîä-

ñêîãî èñïîëíåíèÿ, ïîäâåðãøèõñÿ òåõíîëîãè-
÷åñêèì âîçäåéñòâèÿì ìåòîäîì ÍÀ ïî ðàçíûì 
òåõíîëîãè÷åñêèì ñõåìàì â ïðîöåññå ýêñïëó-
àòàöèè [5]. Ñâåäåíèÿ îá èçìåíåíèè øèðèíû 
è ãëóáèíû òàêîãî èçíîñà ïîçâîëÿåò ðàöèîíàëü-
íî ïîäîéòè ê ðåøåíèþ âîïðîñà ïî îïòèìèçà-
öèè óïðî÷íåíèÿ äîëîòîîáðàçíîé îáëàñòè öåëü-
íîìåòàëëè÷åñêèõ ïëóæíûõ ëåìåõîâ. 

Ìàòåðòàëû è ìåòîäû
Âëèÿíèå íàðàáîòêè íà õàðàêòåð èçìåíåíèÿ 

l
i
 è k

i
 ëó÷åâèäíîãî èçíîñà èçó÷àëèñü ó îïûòíûõ 

ëåìåõîâ ïîñëå èõ óïðî÷íåíèÿ ïî òåõíîëîãè÷å-
ñêèì âàðèàíòàì, ïîêàçàííûì â òàáë. 1.

Ôîðìèðîâàíèå àðìèðóþùèõ âàëèêîâ îñó-
ùåñòâëÿëàñü ýëåêòðîäàìè Ý42À-ÓÎÍÈÈ-13/45, 
ïðåäíàçíà÷åííûìè äëÿ ñâàðêè óãëåðîäèñòûõ 
ñòàëåé. Ðåæèì íàïëàâêè: äèàìåòð ýëåêòðîäà 
3 ìì; ñèëà ñâàðî÷íîãî òîêà 120–140 À, íàïðÿ-
æåíèå íà ñâàðî÷íîé äóãå 16–21 Â; ñêîðîñòü íà-
ïëàâêè âàëèêîâ 0,1 ì/ìèí. 

Èçíîñû îïûòíûõ äåòàëåé ôèêñèðîâàëèñü 
â òðåõ ñå÷åíèÿõ â ñîîòâåòñòâèè ñî ñõåìîé 
(ðèñ. 1). Â êà÷åñòâå èçìåðÿåìûõ ïàðàìåòðîâ âû-
ñòóïàëè: øèðèíà (l

i 
−l

1
, l

2
, l

3
) è ìàêñèìàëüíàÿ 

ãëóáèíà ëó÷åâèäíîãî èçíîñà (k
i 
−k

1
, k

2
, k

3
) ïî ñå-

÷åíèÿì І, ІІ, ІІІ, îòñòîÿùèì îò ñïèíêè ëåìåõà 
íà ðàññòîÿíèè 35, 60 è 80 ìì (ðèñ. 1).

Îïûòíàÿ ïàõîòà ïðîâîäèëàñü íà ñóãëèíè-
ñòûõ ïî÷âàõ, òàê êàê îíè èìåþò íàèáîëüøåå 
ðàñïðîñòðàíåíèå â íå÷åðíîçåìíîé çîíå ÐÔ [6]. 

Øèðèíà è ãëóáèíà ëó÷åâèäíîãî èçíîñà ïå-
ðèîäè÷åñêè îïðåäåëÿëèñü ïîñëå âñïàøêè 3,5; 
6,8; 11,0; 15,0; 20,0; 24,0; 27,2 ãà. 

Äëÿ èñïûòàíèé èñïîëüçîâàëñÿ âîñüìè-
êîðïóñíîé ïëóã ÏËÍ-8-40, àãðåãèðóåìûé 
òðàêòîðîì «Êèðîâåö Ê-744Ð1 Ïðîì». Êàæäàÿ 
òåõíîëîãè÷åñêàÿ ñõåìà óïðî÷íåíèÿ ðåàëèçî-
âûâàëàñü íà ïÿòè ëåìåõàõ. Óñòàíîâêà ýêñïåðè-
ìåíòàëüíûõ èçäåëèé ïðîèçâîäèëàñü â ñëåäó-

Òàáëèöà 1 
Ïðèìåíÿåìûå ñõåìû ôîðìèðîâàíèÿ àðìèðóþùèõ âàëèêîâ 

Table 1. Applied schemes for the formation of reinforcing rollers

 № âàðèàíòà Òåõíîëîãèÿ óïðî÷íåíèÿ Ðèñóíîê

1 Ëåìåõ â çàâîäñêîì èñïîëíåíèè

2 Àðìèðîâàíèå äîëîòîîáðàçíîé ÷àñòè 
ýëëèïñîâèäíûìè âàëèêàìè

3 Àðìèðîâàíèå íîñêà è ïÿòêè

4 Íàïëàâêà çàãëóáëÿþùåé ÷àñòè íà äëèíó îêîëî 100 ìì 
è àðìèðîâàíèå íîñêà è ïÿòêè
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þùåì ïîðÿäêå: ïÿòü îïûòíûõ äåòàëåé ïîñëå 
óïðî÷íåíèÿ è òðè ëåìåõà â ñîñòîÿíèè ïîñòàâ-
êè. Ñóììàðíîå ÷èñëî èçó÷àåìûõ îïûòíûõ ëå-
ìåõîâ, â òå÷åíèè âåñåííèõ è îñåííèõ ïîëåâûõ 
ðàáîò ñîñòàâèëî 24 øòóêè.

Äëÿ êîíòðîëÿ øèðèíû èçíîñà ïðèìåíÿë-
ñÿ øòàíãåíöèðêóëü ñ òî÷íîñòüþ èçìåðåíèÿ 
0,05 ìì. Ãðàíèöû «ëó÷à» îïðåäåëèëèñü âèçó-
àëüíî, ÷òî íåñêîëüêî ñíèæàëî òî÷íîñòü ïîëó-
÷àåìûõ ðåçóëüòàòîâ, îäíàêî áîëüøîé ñòàòè-
ñòè÷åñêèé ìàòåðèàë íèâåëèðîâàë íåòî÷íîñòè 
èçìåðåíèé.

Ãëóáèíà îáëàñòè èçíîñà ëåìåõà îïðåäåëÿ-
ëàñü ïðè ïîìîùè ïîâåðî÷íîé ïëèòû, ïðèçì, 
èíäèêàòîðíîãî ìèêðîìåòðà ñ òî÷íîñòüþ 0,01 
ìì (ðèñ. 2). Ïîñòîÿííîå ïîëîæåíèå ýêñïåðè-
ìåíòàëüíûõ äåòàëåé äîñòèãàëàñü ïóòåì íàíå-
ñåíèÿ ìåòîê íà ïðèçìàõ è ÷åòêîé óñòàíîâêå, êî-
òîðàÿ îñóùåñòâëÿëàñü çà ñ÷åò òîãî, ÷òî ìåòêè 
ðàñïîëàãàëèñü â ñîîòâåòñòâèè ñ êðåïåæíûìè 
îòâåðñòèÿìè. Ðàçìåòêà ñå÷åíèé ïðîâîäèëàñü 
øòàíãåíöèðêóëåì äëÿ êàæäîãî k

i
 ïîñëå î÷åðåä-

íîé íàðàáîòêè. 

Ðèñ. 2. Îïûòíàÿ óñòàíîâêà äëÿ îïðåäåëåíèÿ ãëóáèíû 
ëó÷åâèäíîãî èçíîñà

Fig. 2. Installation for determining the depth 
of radial wear

Ìåòîäèêà îïðåäåëåíèÿ k
i
 çàêëþ÷àëàñü 

â ñëåäóþùåì. Èíäèêàòîðíûé ìèêðîìåòð â òå-

÷åíèå ïðîâåäåíèÿ èññëåäîâàíèé íàõîäèëñÿ 
â îäíîì è òîì æå ïîëîæåíèè. Åãî ðàñïîëîæå-
íèå âûñîòå îñòàâàëîñü íåèçìåííûì. Óñòàíîâêà 
ìèêðîìåòðà ïðîâîäèëàñü ñ ó÷åòîì òîëùèíû 
äåòàëè è âûáåãà øòîêà ïðèáîðà. Ìàêñèìàëü-
íàÿ ãëóáèíà îïðåäåëÿëñÿ ïóòåì ïåðåìåùåíèÿ 
èíäèêàòîðà ïî äëèíå ñå÷åíèÿ. 

Ðåçóëüòàòû è îáñóæäåíèå
Êðèâûå, ïîêàçàííûå íà ðèñ. 3, èìåþò äâå 

îáëàñòè. Ïåðâàÿ îáëàñòü õàðàêòåðèçóåòñÿ âû-
ñîêîé ñòåïåíüþ èíòåíñèâíîñòè íàðàñòàíèÿ 
øèðèíû èçíîñà, âòîðàÿ – îòëè÷àåòñÿ ñòàáèëü-
íîñòüþ ïðîöåññà èçíàøèâàíèÿ. Ñëåäóåò îò-
ìåòèòü, ÷òî äèíàìèêà èçìåíåíèÿ l

1
 îñòàåòñÿ 

ïîñòîÿííîé íåçàâèñèìî îò ïðèåìà òåõíîëîãè-
÷åñêîãî âîçäåéñòâèÿ è ñå÷åíèÿ, ãäå ïðîâîäè-
ëèñü èçìåðåíèÿ. 

Òàêîé õàðàêòåð ïîâåäåíèÿ l
i
 îáúÿñíÿåòñÿ ýô-

ôåêòîì ñîâìåñòèìîñòè èçíàøèâàþùåé ñðåäû 
è èñïûòóåìîãî îáúåêòà (ëåìåõà). Ò.å. â íà-
÷àëüíîé ñòàäèè èçíàøèâàíèÿ ïðîèñõîäèò ïðè-
ðàáîòêà ñèñòåìû «ëåìåõ – ïî÷âåííàÿ ñðåäà», 
à çàòåì èìååò ìåñòî àäàïòàöèÿ ðàáî÷åé ÷àñòè 
ê ñâîéñòâàì ïî÷âû è óñëîâèÿì ïàõîòû [7]. 

Ìàêñèìàëüíàÿ íàðàáîòêà â 17 ãà, êîãäà 
ïðîèñõîäèò ïðîöåññ ñàìîîðãàíèçàöèè èçíà-
øèâàíèÿ ñîîòâåòñòâóåò äåòàëÿì, ó êîòîðûõ 
ïðîèçâåäåíî àðìèðîâàíèå ïîäêîâîîáðàçíûìè 
âàëèêàìè, à òàêæå ëåìåõàì áåç òåõíîëîãè÷å-
ñêèõ âîçäåéñòâèé (ðèñ. 3, 1 è 2). Àðìèðîâàíèå 
ïî ñõåìå 2 (òàáë. 1) óâåëè÷èâàåò ñòåïåíü âååð-
íîãî ïåðåìåùåíèÿ ïî÷âû [8]. Ó äåòàëåé çàâîä-
ñêîãî èñïîëíåíèÿ íàðàáîòêà íà ïåðâîì ýòàïå 
âîçðàñòàåò, òåì ñàìûì óâåëè÷èâàåòñÿ äëèòåëü-
íîñòü ïðîöåññà ñàìîîðãàíèçàöèè, òàê êàê îò-
ñóòñòâóþò ïîìåõè äëÿ åñòåñòâåííîãî äâèæå-
íèÿ ïî÷âåííîé ñðåäû.

Òåìï ïðèðîñòà øèðèíû èññëåäóåìîãî 
èçíîñà (i) ó èçäåëåé â ñîñòîÿíèè ïîñòàâêè 
è óïðî÷íåííûõ ïî âàðèàíòàì 3, 4 ïðèìåðíî 

Ðèñ. 1. Ñõåìà èçìåðåíèÿ øèðèíû è ãëóáèíû ëó÷åâîãî èçíîñà

Fig. 1. Scheme for measuring the width and depth of radiation wear
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îäèíàêîâû (ðèñ. 4). Ýòî óêàçûâàåò íà îòñóò-
ñòâèå âëèÿíèÿ âàðèàíòîâ àðìèðîâàíèÿ íà ïðî-
öåññ èçíàøèâàíèÿ â íà÷àëüíûé åãî ïåðèîä. 
Íàèìåíüøàÿ ñêîðîñòü èçíàøèâàíèÿ èìååò 
ìåñòî ó äåòàëåé, óïðî÷íåííûõ ïî ñõåìå 2, 
÷òî ñâÿçàíî ñ èçìåíåíèåì òðàåêòîðèè ïåðåìå-
ùåíèÿ ïî÷âû ïî ðàáî÷åé ïîâåðõíîñòè íîñîâîé 
îáëàñòè ëåìåõà. Íàëè÷èå ïîäêîâîîáðàçíûõ âà-
ëèêîâ ñïîñîáñòâóåò ïîâûøåíèþ ñòåïåíè «ðàñ-
ñåèâàíèÿ» ïî÷âåííîé ñðåäû ïðè åå äâèæåíèè 
ïî ïîâåðõíîñòè êîíòàêòèðîâàíèÿ, òåì ñàìûì 
óìåíüøàÿ èñòèðàþùåå âîçäåéñòâèå àáðàçèâíîé 
ôðàêöèé.

Ëó÷åâèäíûé èçíîñ, êàê ñëåäóåò èç ãðàôè-
êîâ (ðèñ. 3, 1–4) ôèêñèðóåòñÿ ïðè íåîäèíàêî-
âîé íàðàáîòêå â ñîîòâåòñòâèè ñ ðàçëè÷íûìè 
òåõíîëîãè÷åñêèìè âîçäåéñòâèÿìè. Íàïðèìåð, 
ó äåòàëåé çàâîäñêîãî èñïîëíåíèÿ çàìåòíûé 
èçíîñ ïðîÿâëÿåòñÿ ïðè âñïàøêå 7,5 ãà, òîãäà 
êàê ó îïûòíûõ äåòàëåé, óïðî÷íåííûõ ïî òåõ-
íîëîãè÷åñêèì ñõåìàì 2 è 3 «ëó÷» îáðàçîâàë-

Ðèñ. 3. Èçìåíåíèå øèðèíû ëó÷åâèäíîãî èçíîñà â ôóíêöèè íàðàáîòêè: l1, l2, l3 – øèðèíà èçíîñà ïî ñå÷åíèÿì, 
ñîîòâåòñòâåííî, I, II, III; 1, 2, 3, 4 – âàðèàíòû óïðî÷íåíèÿ ñîãëàñíî íóìåðàöèè â òàáë. 1

Fig. 3. Change in the width of radial wear as a function of operating time: l
1
, l

2
, l

3
 – wear width along 

sections I, II, III respectively; 1, 2, 3, 4 – hardening options according to the numbering in table 1

Òåõíîëîãè÷åñêèé âàðèàíò

Ðèñ. 4. Èíòåíñèâíîñòü ðàçâèòèÿ (i) øèðèíû 
ëó÷åâèäíîãî èçíîñà ïî òåõíîëîãè÷åñêèì ñõåìàì 

íàïëàâî÷íîãî àðìèðîâàíèÿ

Fig. 4. Intensity of development (i) width of radial 
wear according to technological schemes 

of surfacing reinforcement
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ñÿ óæå ïðè âñïàøêå îêîëî òðåõ ãà. Íàëè÷èå æå 
íàïëàâêè íà ðàáî÷åé ïîâåðõíîñòè çàãëóáëÿ-
þùåé ÷àñòè (òåõíîëîãè÷åñêàÿ ñõåìà 3) ïîçâî-
ëÿåò âèäèìûé èçíîñ ïîëó÷èòü ïîñëå âñïàøêè 
5 ãà, ÷òî ãîâîðèò î ïîëîæèòåëüíîì âëèÿíèè 
ïðèìåíÿåìîé ñõåìû àðìèðîâàíèÿ. 

Ðåçóëüòàòû ïî òåõíîëîãè÷åñêîé ñõåìå 3 
äåìîíñòðèðóþò íàðàáîòêó íà îòêàç â 20,8 ãà
(ðèñ. 3, ñõåìà 3). Ó äåòàëåé, ãäå èìååò ìåñòî 
«÷èñòîå» àðìèðîâàíèå, èçíîñ ïðîÿâëÿåòñÿ 
ñðàçó è â ñðàâíèòåëüíî çíà÷èòåëüíûõ ðàçìå-
ðàõ – îò 20 äî 60 ìì (ðèñ. 3: ñõåìû 2, 3). Â ýòîì 
ñëó÷àå ïðèñóòñòâèå àðìèðóþùèõ âàëèêîâ 
áóäåò ñïîñîáñòâîâàòü åãî ðàçâèòèþ èç-çà èõ îò-
ðèöàòåëüíîãî âëèÿíèÿ íà òðèáîòåõíè÷åñêèå 
ïîêàçàòåëè óïðî÷íåííîé ïîâåðõíîñòè. Â ÷àñò-
íîñòè, èìååò ìåñòî íàðóøåíèå ñòðóêòóðíîé 
îäíîðîäíîñòè è óâåëè÷åííîå ñîïðîòèâëåíèå 
ïåðåìåùåíèþ ïî÷âåííîé ìàññû.

Åñëè øèðèíà ëó÷åâèäíîãî èçíîñà âî ìíîãîì 
âëèÿåò íà âûáîð òåõíîëîãèè åãî óñòðàíåíèÿ 
è îïðåäåëÿåò ðàñõîä ðåìîíòíûõ ìàòåðèàëîâ, 
òî ãëóáèíà èçíîñà ÿâëÿåòñÿ êðèòåðèåì ïðåäåëü-
íîãî ñîñòîÿíèÿ ëåìåõà. Êðîìå òîãî, k

i
, òàê æå 

êàê è l
i
,
 
îêàçûâàåò âëè÷íèå íà ðàçðàáîòêó òåõ-

íîëîãè÷åñêîãî ïðîöåññà âîññòàíîâëåíèÿ äåòà-
ëåé. Ïðèìåðîì ìîæåò ñëóæèòü èñïîëüçîâàíèå 
äëÿ ðåíîâàöèè äâóõñëîéíîé íàïëàâêè [9].

Êàê ñëåäóåò èç ãðàôèêîâ, îòîáðàæåííûõ 
íà ðèñ. 5, õàðàêòåð èçìåíåíèÿ (äèíàìèêà) ãëó-
áèíû ëó÷åâèäíîãî èçíîñà îäèíàêîâ íåçàâèñè-
ìî îò êîíòðîëèðóåìîãî ñå÷åíèÿ è òåõíîëîãè-
÷åñêîãî ïðèåìà óïðî÷íåíèÿ. Âî âñåõ ñëó÷àÿõ 
èìååò ìåñòî èíòåíñèâíîå óâåëè÷åíèå ãëóáèíû 
èçíîñà ïðèìåðíî äî íàðàáîòêè â 15 ãà. Ïîñëå 
ýòîãî ïðîöåññ èçíîñà â îïðåäåëåííîé ìåðå ñòà-
áèëèçèðóåòñÿ. Ñëåäóåò ïîëàãàòü, ÷òî â ýòîì 
ñëó÷àå èìååò ìåñòî ïðèðàáîòêà èçäåëèÿ 

Ðèñ. 5. Èçìåíåíèå ãëóáèíû ëó÷åâèäíîãî èçíîñà â ïðîöåññå ïàõîòû: 2, 3, 4 − òåõíîëîãè÷åñêèå ïðèåìû 
â ñîîòâåòñòâèè ñ îáîçíà÷åíèÿìè íà ðèñ. 4; I, II, III (k1, k2, k3, ñîîòâåòñòâåííî) – ñå÷åíèÿ ðèñ. 1 

Fig. 5. Change in the depth of radial wear during plowing: 2, 3, 4 − technological methods in accordance 
with the designations in Fig. 4; I, II, III (k

1
, k

2
, k

3 
respectively) – sections in Fig. 1
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èëè äîñòèæåíèå ñîâìåñòèìîñòè ìåæäó íèì 
è óñëîâèÿìè èçíàøèâàíèÿ [8]. Òî åñòü äèíàìè-
êà k

i
 àíàëîãè÷íà äèíàìèêå l

i
, ÷òî ïîäòâåðæäàåò 

åäèíûé õàðàêòåð ïðîöåññà îáðàçîâàíèÿ ëó÷å-
âèäíîãî èçíîñà. 

Â òî æå âðåìÿ äëÿ òåõíîëîãè÷åñêîé ñõåìû 3 
(àðìèðîâàíèå îïûòíûõ ëåìåõîâ âàëèêàìè 
ïåðïåíäèêóëÿðíûìè ê ïîëåâîìó îáðåçó, ñ íà-
ïëàâêîé çàãëóáëÿþùåé ÷àñòè íà äëèíó 100 ìì 
è àðìèðîâàíèå ïÿòêè) èìåþò ìåñòî íåêîòî-
ðûå îòêëîíåíèÿ è ñòàáèëèçàöèÿ èçíàøèâàíèÿ 
íå ñòîëü ÿðêî âûðàæåíà, îñîáåííî äëÿ ñå÷å-
íèÿ I. Ýòî ñâÿçàíî ñ íàëè÷èåì äîïîëíèòåëüíîé 
íàïëàâêè íà çàãëóáëÿþùóþ ÷àñòü ëåìåõà, êî-
òîðàÿ îáåñïå÷èâàåò òîðìîæåíèå èçíàøèâàíèÿ. 

Êðîìå ýòîãî îòìå÷àåòñÿ, ÷òî ëåìåõà, óïðî÷-
íåííûå ïî ñõåìå 3 (íàïëàâî÷íîå àðìèðîâà-
íèå îïûòíûõ äåòàëåé âàëèêàìè, ïåðïåíäè-
êóëÿðíûìè ïîëåâîìó îáðåçó, è àðìèðîâàíèå 
ïÿòêè) áûëè ñíÿòû ñ ýêñïëóàòàöèè ïîñëå íà-
ðàáîòêè 20 ãà ïî ïðè÷èíå çàòóïëåíèÿ è èçíîñà 
çàãëóáëÿþùåé ÷àñòè áîëåå 45 ìì. Äàííîå 
îáñòîÿòåëüñòâî îáúÿñíÿåòñÿ íàíåñåíèåì àð-
ìèðóþùåãî âàëèêà ñëèøêîì áëèçêî ê êîíöó 
çàãëóáëÿþùåé ÷àñòè, ÷òî â îïðåäåëåííîé ìåðå 
íèâåëèðóåò ïðîòèâîèçíîñíûå ñâîéñòâà íà-
íåñåííîãî ñ òûëüíîé ñòîðîíû ñëîÿ ñîðìàéòà 
âñëåäñòâèå òåïëîâûõ íàãðóçîê.

Êðèòåðèåì ïðåäåëüíîãî ñîñòîÿíèÿ ïðè ðàñ-
ñìîòðåíèè ëó÷åâèäíîãî èçíîñà ìîæåò ñëó-
æèòü åãî ãëóáèíà, ïðåâûøàþùàÿ 8 ìì, 
òàê êàê ïðè ýòîì îñòàòî÷íàÿ òîëùèíà äåòàëè 
áóäåò ðàâíà 2 ìì, ÷òî ïîçâîëÿåò ïðîèçâîäèòü 
óñòðàíåíèå òàêîãî äåôåêòà íàïëàâî÷íûìè ìå-
òîäàìè. 

Àâòîðû ñî÷ëè öåëåñîîáðàçíûì íå ïðè-
âîäèòü äàííûå ïî èçìåíåíèþ ãëóáèíû ëó-
÷åâèäíîãî èçíîñà ïðèìåíèòåëüíî ê ëåìåõàì 
çàâîäñêîãî èñïîëíåíèÿ áåç òåõíîëîãè÷åñêèõ 
âîçäåéñòâèé, òàê êàê ïðè íàðàáîòêå 18−20 ãà 
èìååò ìåñòî ïðåâûøåíèå ãëóáèíû áîëåå 8 ìì, 
à ïðè íàðàáîòêå â 25 ãà íàáëþäàåòñÿ ñêâîçíîå 
ïðîòèðàíèå. Òî åñòü äåòàëü ñòàíîâèòñÿ íåïðè-
ãîäíîé ê âîññòàíîâëåíèþ. 

Èñõîäÿ èç ïîëó÷åííûõ äàííûõ íàèáîëü-
øåå ñîïðîòèâëåíèå èçíàøèâàíèþ îáëàñòè 
íîñêà ëåìåõà îáåñïå÷èâàåò òåõíîëîãè÷åñêèé 
ïðîöåññ ïóòåì íàïëàâêè àðìèðóþùèõ âàëè-
êîâ ñ îäíîâðåìåííûì ôîðìèðîâàíèåì äîïîë-
íèòåëüíîãî ìåòàëëà íà çàãëóáëÿþùåé ÷àñòè 
(ðèñ. 5, ñõåìà 4). 

Ïðîâåäåíèå íàïëàâî÷íîãî àðìèðîâàíèÿ 
ëåìåõîâ â ñîñòîÿíèè ïîñòàâêè îêàçûâàåò ñó-

ùåñòâåííîå âëèÿíèå íà òîðìîæåíèå îáðàçîâà-
íèÿ è ðàçâèòèÿ ãëóáèíû ëó÷åâèäíîãî èçíîñà. 
Íàëè÷èå àðìèðîâàíèÿ ïîçâîëÿåò óâåëè÷èòü 
ðåñóðñ â 1,3–1,5 ðàçà, ïðè ýòîì ãëóáèíà ëó÷å-
âèäíîãî èçíîñà íå ïðåâûøàåò 6 ìì.

Âûâîäû
1. Ðàçðàáîòàíà ìåòîäèêà äëÿ ïåðèîäè÷åñêî-

ãî êîíòðîëÿ îïðåäåëåíèÿ ãëóáèíû ëó÷åâèäíî-
ãî èçíîñà ïëóæíîãî ëåìåõà â ïðîöåññå åãî ýêñ-
ïëóàòàöèè. 

2. Õàðàêòåð èçìåíåíèÿ ãåîìåòðè÷åñêèõ ïà-
ðàìåòðîâ ëó÷åâèäíîãî èçíîñà (øèðèíà è ãëó-
áèíà) îäèíàêîâ äëÿ âñåõ òåõíîëîãè÷åñêèõ ïðè-
åìîâ àðìèðîâàíèÿ, ÷òî ñâÿçàíî ñ ïðîöåññîì 
ñàìîîðãàíèçàöèè èçíàøèâàíèÿ. 

3. Íàèáîëüøåå ñîïðîòèâëåíèå îáðàçîâàíèþ 
ëó÷åâèäíîãî èçíîñà îêàçûâàåò òåõíîëîãè÷å-
ñêèé ïðèåì, çàêëþ÷àþùèéñÿ â àðìèðîâàíèè 
îïûòíûõ ëåìåõîâ âàëèêàìè ïåðïåíäèêóëÿðíû-
ìè ê ïîëåâîìó îáðåçó, ñ íàïëàâêîé çàãëóáëÿ-
þùåé ÷àñòè íà äëèíó 100 ìì è àðìèðîâàíèå 
ïÿòêè.
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