
ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 6, 2018

Í
Î

Â
Û

Å
 Ì

À
Ø

È
Í

Û
 È

 Î
Á

Î
Ð

Ó
Ä

Î
Â

À
Í

È
Å

Ìÿëåíêî Â.È.

22

Â.È. ÌßËÅÍÊÎ, ä.ò.í.
Ôåäåðàëüíîå ãîñóäàðñòâåííîå áþäæåòíîå 
îáðàçîâàòåëüíîå ó÷ðåæäåíèå âûñøåãî îáðàçîâàíèÿ 
«Êåìåðîâñêèé ãîñóäàðñòâåííûé ñåëüñêîõîçÿéñòâåííûé 
èíñòèòóò», ã. Êåìåðîâî, Ðîññèÿ, library@ksai.ru 

V.I. MYALENKO, DSc in Engineering
Kemerovo State Agricultural Institute, Kemerovo, Russia, 
library@ksai.ru

Ðåæóùèå ëåçâèÿ ðàáî÷èõ îðãàíîâ ãðóíòîîáðàáàòûâàþùèõ ìàøèí âñëåäñòâèå èõ èíòåíñèâíîãî àáðàçèâíî-
ãî èçíîñà âî ìíîãîì âëèÿþò íà ýêñïëóàòàöèîííóþ íàäåæíîñòü è ïðîèçâîäèòåëüíîñòü ðàáîòàþùåé òåõíèêè. 
Äëÿ óâåëè÷åíèÿ ýêñïëóàòàöèîííîãî ðåñóðñà ëåçâèÿ óïðî÷íÿþò òâåðäîñïëàâíûìè ìàòåðèàëàìè, öåëåñîîáðàç-
íîå ðàñõîäîâàíèå êîòîðûõ òðåáóåò îïðåäåëåíèÿ ðàöèîíàëüíûõ çîí èõ íàíåñåíèÿ íà ëåçâèÿ è îáîñíîâàíèå èõ 
ãåîìåòðè÷åñêèõ ïàðàìåòðîâ. Ïðåäëàãàåòñÿ ìåòîä îïðåäåëåíèÿ ãåîìåòðè÷åñêèõ ðàçìåðîâ ñëîÿ óïðî÷íÿþùèõ 
ìàòåðèàëîâ, ïðåäâàðèòåëüíî íàíîñèìûõ íà ðåæóùèå ëåçâèÿ ãðóíòîîáðàáàòûâàþùèõ ìàøèí. Àëãîðèòìèêà 
ìåòîäà çàêëþ÷àåòñÿ âíà÷àëå â âûÿâëåíèè âåëè÷èí íîðìàëüíûõ äàâëåíèé, äåéñòâóþùèõ ñî ñòîðîíû îáðàáàòû-
âàåìûõ ãðóíòîâ íà ëåçâèÿ, è ïîñòðîåíèå ñîîòâåòñòâóþùèõ ýïþð õàðàêòåðà èçìåíåíèÿ íàãðóçîê íà ïîâåðõíîñòè 
ëåçâèÿ. Õàðàêòåð ðàñïðåäåëåíèÿ íàãðóçîê íà ëåçâèÿ ãðóíòîîáðàáàòûâàþùèõ ìàøèí ðàöèîíàëüíî îïðåäåëÿòü 
ïóòåì ñïåöèàëüíîãî íàíåñåíèÿ ëåãêîèçíàøèâàåìûõ ìàòåðèàëîâ ïî ïîâåðõíîñòè òðåíèÿ. Áûñòðûé èçíîñ ýòèõ 
ìàòåðèàëîâ ñ ðàçëè÷íîé èíòåíñèâíîñòüþ íà ðàçíûõ ó÷àñòêàõ òðåíèÿ õàðàêòåðèçóåò ðàñïðåäåëåíèå ðåàëüíûõ 
íàãðóçîê, äåéñòâóþùèõ íà ëåçâèÿ ñî ñòîðîíû îáðàáàòûâàåìûõ ãðóíòîâ. Çàòåì ïîñëå àíàëèçà ýïþð ñ ó÷åòîì 
õàðàêòåðèñòèê îáðàáàòûâàåìûõ ãðóíòîâ, à òàêæå ñâîéñòâ óïðî÷íÿþùèõ ìàòåðèàëîâ, íàíîñèìûõ íà ëåçâèÿ, è 
îæèäàåìîãî ðåñóðñà ëåçâèÿ îïðåäåëÿþòñÿ ðàçìåðû íàíîñèìîãî ñëîÿ óïðî÷íÿþùèõ ìàòåðèàëîâ. Ãåîìåòðèÿ 
ðàñïðåäåëåíèÿ óïðî÷íÿþùèõ ìàòåðèàëîâ è êîíêðåòíûå ðàçìåðû èõ ñå÷åíèé âûáèðàþòñÿ ïî ïîäîáèþ çíà÷åíèé 
êðèâûõ ýïþð íîðìàëüíûõ äàâëåíèé, âîçíèêàþùèõ â óñëîâèÿõ ðåàëüíîé ýêñïëóàòàöèè. Òàêèì îáðàçîì, ïðåä-
ëàãàåìîå äèôôåðåíöèðîâàííîå ðàñïðåäåëåíèå óïðî÷íÿþùèõ ìàòåðèàëîâ ïî ïîâåðõíîñòè ëåçâèé ãðóíòîîáðà-
áàòûâàþùèõ ìàøèí ïîçâîëÿåò ïðîèçâîäèòü ðàöèîíàëüíîå ðàñõîäîâàíèå ìàòåðèàëîâ â óñëîâèÿõ àáðàçèâíîãî 
èçíîñà ðàáî÷èõ îðãàíîâ è îáåñïå÷èâàåò íåîáõîäèìóþ ýêñïëóàòàöèîííóþ äîëãîâå÷íîñòü.
Êëþ÷åâûå ñëîâà: ýïþðà íîðìàëüíîãî äàâëåíèÿ, èíòåíñèâíîñòü èçíîñà, óïðî÷íÿþùèé ìàòåðèàë. 

The cutting blades of the working bodies of the soil-processing machines due to their intense abrasive wear largely 
influence the operational reliability and performance of the working machinery. To increase the service life of the 
blade the carbide materials are harden, the appropriate expenditure of which requires the definition of rational zones 
and geometric parameters of more or less of their application to the blade. A method is proposed for determining the 
geometrical dimensions of a layer of hardening materials of soil-processing machines previously applied to cutting 
blades. The algorithm of the method consists in first identifying the magnitudes of the normal pressures acting on the 
side of the treated soils on the blades and building the corresponding plots of the nature of the change in loads on the 
blade surface. The nature of the distribution of loads on the blades of soil-processing machines is rational to determine 
by special application of wearable materials over the friction surface. The rapid wear of these materials with different 
intensity in different areas of friction characterizes the distribution of real loads acting on the blades from the treated 
soils. Then, after analyzing the plots, taking into account the characteristics of the treated soils, the properties of the 
reinforcing materials applied to the blades and the expected blade life, the size of the applied layer of reinforcing 
materials is determined. Then, after analyzing the plots, taking into account the characteristics of the treated soils, the 
properties of the reinforcing materials applied to the blades and the expected blade life, the size of the applied layer of 
reinforcing materials is determined. The geometry of the distribution of reinforcing materials and the specific dimen-
sions of their cross-sections are chosen in a way similar to the values of the curves for the epures of normal pressures 
arising under actual operating conditions. Thus, the proposed differentiated distribution of reinforcing materials over 
the surface of the blades of soil-processing machines allows for rational use of materials under conditions of abrasive 
wear of the working bodies and provides the necessary operational durability.
Keywords: plot of normal pressure, wear rate, reinforcing material.
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Ââåäåíèå
Ýôôåêòèâíîñòü èñïîëüçîâàíèÿ ãðóíòî-

îáðàáàòûâàþùåé òåõíèêè âî ìíîãîì ñâÿçàíà 
ñ åå ýêñïëóàòàöèîííîé íàäåæíîñòüþ è, â ÷àñò-
íîñòè, ñ ñîñòîÿíèåì ðåæóùèõ ëåçâèé ðàáî÷èõ 
îðãàíîâ. Çàòóïëåíèå ëåçâèé ãðóíòîîáðàáàòû-
âàþùèõ ìàøèí ñíèæàåò ïðîèçâîäèòåëüíîñòü 
è êà÷åñòâî âûïîëíåíèÿ òåõíîëîãè÷åñêèõ îïå-
ðàöèé, ÷òî ïðèâîäèò ïîðîé ê òåõíè÷åñêèì îò-
êàçàì. Ëåçâèÿ îòâàëîâ ãðóíòîîáðàáàòûâàþùèõ 
ìàøèí, óïðî÷íåííûå òâåðäîñïëàâíûì ìàòå-
ðèàëîì, òàêæå ÷àñòî çàòóïëÿþòñÿ, ÷òî ïðèâî-
äèò ê âûíóæäåííûì îñòàíîâêàì ìàøèí äëÿ èõ 
ïåðåíàëàäêè. Âûñîêàÿ ñòîèìîñòü òâåðäîñïëàâ-
íûõ ìàòåðèàëîâ è íåîáõîäèìîñòü îáåñïå÷åíèÿ 
ýêñïëóàòàöèîííîé íàäåæíîñòè ìàøèí ñòàâÿò 
àêòóàëüíóþ òåõíè÷åñêóþ çàäà÷ó âûáîðà ðàöè-
îíàëüíûõ êîíñòðóêòèâíûõ ïàðàìåòðîâ íàíåñå-
íèÿ òâåðäîñïëàâíûõ ìàòåðèàëîâ íà ðåæóùèå 
ëåçâèÿ ãðóíòîîáðàáàòûâàþùåé òåõíèêè, îáå-
ñïå÷èâàÿ òåì ñàìûì äîñòàòî÷íóþ äîëãîâå÷-
íîñòü.

Öåëü èññëåäîâàíèÿ
Ðàçíîîáðàçíûå ïî ãåîìåòðè÷åñêèì ôîðìàì 

è èñïûòûâàåìûì íàãðóçêàì ðàáî÷èå îðãàíû 
ãðóíòîîáðàáàòûâàþùèõ ìàøèí ïðåäïîëàãàþò 
â êàæäîì êîíêðåòíîì ñëó÷àå èíäèâèäóàëüíûé 
ïîäõîä ê âûáîðó ïàðàìåòðîâ íàíåñåíèÿ òâåð-
äîñïëàâíîãî ìàòåðèàëà íà èõ ëåçâèÿ. Öåëüþ 
íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ ïîèñê îáîá ùåííî-
ãî àëãîðèòìà ïîñëåäîâàòåëüíûõ äåéñòâèé ïî 
îïðåäåëåíèþ êîíñòðóêòèâíûõ ïàðàìåòðîâ íà-
íåñåíèÿ óïðî÷íåíèé íà ëåçâèÿ.

Ìàòåðèàëû è ìåòîäû
Ìåõàíèçì èçíîñà ëåçâèé ðàáî÷èõ îðãàíîâ 

ãðóíòîîáðàáàòûâàþùèõ ìàøèí ñâÿçàí ñ íà-
ëè÷èåì àáðàçèâíûõ ÷àñòèö íåïîñðåäñòâåííî 
â ãðóíòàõ, òàê æå êàê è â åñòåñòâåííîì ñëîæå-
íèè ïî÷âû ñåëüñêîõîçÿéñòâåííîãî íàçíà÷åíèÿ. 
Ïîñðåäñòâîì àáðàçèâíûõ ÷àñòèö ïðîèñõîäèò 
èñòèðàíèå (âûíîñ) ìåòàëëà ñ ïîâåðõíîñòè 
ëåçâèé ðàáî÷èõ îðãàíîâ. Íà ðèñ. 1 èçîáðàæåíû 
ïðåäñòàâèòåëè ðàáî÷èõ îðãàíîâ ãðóíòîîáðàáà-
òûâàþùèõ ìàøèí: ïðîôèëü îòâàëà ãðåéäåðà 
(ðèñ. 1, à), ðûõëÿùèé çóá (ðèñ. 1, á) è êîðïóñ 
ïëóãà (ðèñ. 1, â), êîòîðûå âñå èìåþò ïîäîáíóþ 
ïðèðîäó èçíîñà. Ïðè èçíîñå ðåæóùèå ëåçâèÿ 
òåðÿþò íåçíà÷èòåëüíûé âåñ è áûñòðî çàòó-
ïëÿþòñÿ, òðåáóÿ ðåìîíòà è âîññòàíîâëåíèÿ 
[1]. Ïðè ýòîì íà âûáðàêîâàííûõ äåòàëÿõ â îò-
äåëüíûõ ìåñòàõ, êàê ïðàâèëî, îñòàåòñÿ òâåðäî-

ñïëàâíûé ìàòåðèàë, ÷òî õàðàêòåðèçóåò åãî íå 
ðàöèîíàëüíîå èñõîäíîå íàíåñåíèå. Ðàöèîíàëü-
íûå òåõíîëîãèè ïðåäâàðèòåëüíîãî óïðî÷íåíèÿ 
ÿâëÿþòñÿ äîâîëüíî ñëîæíûìè èíæåíåðíûìè 
ïðîöåäóðàìè â ÷àñòè ðàñõîäîâàíèÿ íàïëàâëÿ-
åìûõ ìàòåðèàëîâ è âûáîðà ëîêàëüíûõ ìåñò 
èõ íàíåñåíèÿ [2]. Âñÿêèå òåîðåòè÷åñêèå âû-
ÿâëåíèÿ ëîêàëüíûõ ìåñò íàãðóæåíèÿ òðåáóþò 
ñâîèõ ýêñïåðèìåíòàëüíûõ ïîäòâåðæäåíèé [3]. 
Çäåñü âàæíî çíàòü òî÷íûå ìåñòà èëè ëîêàëü-
íûå ó÷àñòêè áîëüøåãî èëè ìåíüøåãî îæèäàå-
ìîãî èçíîñà. Âèäèìî, íåîáõîäèìî ó÷èòûâàòü 
ðàçëè÷íûå óäåëüíûå äàâëåíèÿ, âîçíèêàþùèå 
ïðè ðàáîòå íà ïîâåðõíîñòè ðàáî÷åãî îðãàíà, è 
çàòåì óæå äèôôåðåíöèðîâàííî ðàñïðåäåëÿòü 
íàïëàâî÷íûé ìàòåðèàë ïî ïîâåðõíîñòè ëåçâèÿ 
ðàáî÷åãî îðãàíà.

Â íàñòîÿùåé ðàáîòå ïðåäëîæåíî ðåøåíèå 
òåõíè÷åñêîé çàäà÷è ïî âûÿâëåíèþ õàðàêòå-
ðà èçìåíåíèÿ ðåàëüíûõ íàãðóçîê íà ðåæóùèå 
ëåçâèÿ ðàáî÷èõ îðãàíîâ ãðóíòîîáðàáàòûâàþ-
ùèõ ìàøèí. 

Ëîãè÷åñêàÿ ïîñëåäîâàòåëüíîñòü ðåøåíèÿ 
ñêëàäûâàëàñü èç ñëåäóþùèõ ýòàïîâ. Âíà÷à-
ëå íà ðåæóùåå ëåçâèå íàíîñèëñÿ òîíêèé ñëîé 
ìàòåðèàëà íèçêîé èçíîñîñòîéêîñòè. Çäåñü 
ïðèíèìàëîñü âî âíèìàíèå êëàññè÷åñêîå ïîíÿ-
òèå ñèëû òðåíèÿ (çàêîí Êóëîíà – Àìîíòîíà), 
ãäå ñèëà òðåíèÿ, îïðåäåëÿþùàÿ èçíîñ, ïðÿìî 
ïðîïîðöèîíàëüíà íîðìàëüíîìó äàâëåíèþ íà 
äåòàëü [4]. Çàòåì èçìåðÿëàñü òîëùèíà íàíåñåí-
íîãî ñëîÿ äî è ïîñëå èçíàøèâàíèÿ. Èçìåðåíèå 
òîëùèíû íàíåñåííîãî ñëîÿ ìàòåðèàëà óäîáíî 
ïðîèçâîäèòü ìàãíèòîèíäóêöèîííûì ñïîñîáîì. 
Äàëåå, ïîñëå îáðàáîòêè ðåçóëüòàòîâ èçìåíå-
íèé, ñòðîèëèñü ýïþðû íîðìàëüíûõ äàâëåíèé 

 à á â

Ðèñ. 1. Ïðåäñòàâèòåëè ðàáî÷èõ îðãàíîâ 
ãðóíòîîáðàáàòûâàþùèõ ìàøèí: 

à) ïðîôèëü îòâàëà ãðåéäåðà; á) ðûõëÿùèé çóá; 
â) êîðïóñ ïëóãà
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ãðóíòà íà ëåçâèå ðàáî÷åãî îðãàíà è çàòåì óæå 
ïîñëå ðàçíûõ ïðåîáðàçîâàíèé îïðåäåëÿëèñü 
ëîêàëüíûå ìåñòà áîëüøåãî èëè ìåíüøåãî íà-
íåñåíèÿ óïðî÷íÿþùåãî ìàòåðèàëà. 

Ðåçóëüòàòû è îáñóæäåíèÿ
Îáùàÿ ïîñëåäîâàòåëüíîñòü ðàáîò ñêëàäû-

âàëàñü èç äâóõ ýòàïîâ. Ïåðâûé ýòàï çàêëþ÷à-
åòñÿ â âûÿâëåíèè ñîñòàâëÿþùèõ ïðîãíîçíî-
ãî îæèäàíèÿ ðåñóðñà èçíàøèâàåìîé äåòàëè, 
âòîðîé – äèôôåðåíöèðîâàííîå ðàñïðåäåëåíèå 
óïðî÷íÿþùèõ ìàòåðèàëîâ íà ðåæóùèõ ëåçâè-
ÿõ ãðóíòîîáðàáàòûâàþùèõ ìàøèí. 

Èíòåíñèâíîñòü àáðàçèâíîãî èçíîñà ðàáî÷èõ 
îðãàíîâ,  ïåðåìåùàþùèõñÿ â ãðóíòàõ, ïðåä-
ñòàâëÿåò èçâåñòíóþ çàâèñèìîñòü îò ñëåäóþ-
ùèõ àðãóìåíòîâ [5]. 

 G = f(N, V, m, H, t),  (1)

ãäå V – åäèíè÷íûé îáúåì âûíîñèìîãî ìàòåðè-
àëà ñ ïîâåðõíîñòè äåòàëè ïðè èçíîñå; m – ïî-
êàçàòåëü èçíàøèâàþùåé ñïîñîáíîñòè ãðóíòà; 
H – òâåðäîñòü ìàòåðèàëà èçíàøèâàåìîé 
äåòàëè; t – âðåìÿ èçíîñà.

Íåïîñðåäñòâåííî îáðàáàòûâàåìûå ãðóíòû 
îòâàëàìè ãðåéäåðîâ, ðûõëÿùèìè çóáüÿìè è 
ëåìåõàìè ðàçíûõ ïëóãîâ ïðåäñòàâëÿþò ñîáîé 
÷àùå ïî÷âåííûå ñðåäû, íà÷èíàÿ îò ñóãëèíè-
ñòûõ äî ïåñ÷àíûõ, à òàêæå ñ âêëþ÷åíèÿìè 
ãðàâèÿ èëè ÷àñòèö ãîðíûõ ïîðîä â ñëó÷àÿõ 
âûïîëíåíèÿ ðåêóëüòèâàöèîííûõ ðàáîò. Â çà-
âèñèìîñòè îò ôðàêöèîííîãî ñîñòàâà ïî÷âåí-
íûå ñðåäû óñëîâíî ðàçäåëÿþò ïî ñâîåé èçíà-
øèâàþùåé ñïîñîáíîñòè íà ðàçíûå êàòåãîðèè. 
Ïî êîýôôèöèåíòàì èçíàøèâàþùåé ñïîñîá-
íîñòè è íàëè÷èþ àáðàçèâíûõ ÷àñòèö ðàçëè-
÷àþò êàòåãîðèè: m

1
 = 0,37–0,65; m

2
 = 0,5–1,3; 

m
3
 = 1,3–3,0, ïðèíÿòûå â ñðàâíåíèè ñ ýòàëîí-

íûìè çíà÷åíèÿìè [5].
Â ñâîþ î÷åðåäü, ðåæóùèå ëåçâèÿ ãðóíòî-

îáðàáàòûâàþùèõ ìàøèí, èçãîòàâëèâàåìûå 
èç ëèòûõ ñòàëåé, – íîæè îòâàëîâ ãðåéäåðîâ 
è ðûõëÿùèå çóáüÿ èç ñòàëåé Ë 25, à òàêæå 
ëåìåõè èç ñòàëåé Ë 55 èìåþò îïðåäåëåííóþ 
îòíîñèòåëüíóþ èçíîñîñòîéêîñòü, óñëîâíî ïðè-
íÿòóþ çà åäèíèöó [4]. Ïîñëåäóþùèå óïðî÷íå-
íèÿ èçíàøèâàþùèõñÿ ïîâåðõíîñòåé äåòàëåé ñ 
èñïîëüçîâàíèåì ìàðòåíñèòíûõ èëè ïåðëèòíûõ 
ñòðóêòóð èìåþò ñâîè óñëîâíûå åäèíèöû îòíî-
ñèòåëüíîé èçíîñîñòîéêîñòè: îò 1 äî 7 è âûøå.

Ïðåäâàðèòåëüíûé ïðîãíîç îæèäàåìîãî ðå-
ñóðñà äåòàëè, ðàáîòàþùåé â àáðàçèâíîé ñðåäå, 
ìîæíî îïðåäåëèòü ïî ïðèâåäåííîé íà ðèñ. 2 

íîìîãðàììå. Èñõîäÿ èç ôîðìàëèçîâàííîé íî-
ìîãðàììû ïî èñõîäíûì ñîñòàâëÿþùèì – ìàòå-
ðèàë, óñëîâèÿ ýêñïëóàòàöèè è ìàòåðèàë óïðî÷-
íåíèÿ – ìîæíî ñîñòàâèòü ïðåäâàðèòåëüíûé 
ïðîãíîç îæèäàåìîãî ýêñïëóàòàöèîííîãî ðå-
ñóðñà äåòàëè, ðàáîòàþùåé â àáðàçèâíîé ñðåäå. 
Òàêèì îáðàçîì, íà íîìîãðàììå: L, T – êîí-
ñòðóêòèâíûå îñîáåííîñòè äåòàëè, ∆G – îæèäà-
åìûé ðåñóðñ.

Ðèñ. 2. Ôîðìàëèçîâàííàÿ íîìîãðàììà: 
1, 2, 3 – êàòåãîðèè ïî÷â ïî èçíàøèâàþùåé 

ñïîñîáíîñòè; 4, 5, 6 – êàòåãîðèè óïðî÷íÿþùèõ 
ìàòåðèàëîâ ïî îòíîñèòåëüíîé èçíîñîñòîéêîñòè

Äëÿ áîëåå òî÷íîãî ðåøåíèÿ ïîñòàâëåííîé 
çàäà÷è íåîáõîäèìî ó÷èòûâàòü åäèíè÷íûå äàâ-
ëåíèÿ, âîçíèêàþùèå â ðàçíûõ òî÷êàõ ïîâåðõ-
íîñòè èññëåäóåìîé äåòàëè. 

Èñïûòàíèÿì ïîäâåðãàëèñü ðåæóùèå ëåç-
âèÿ – äîëîòà ðûõëÿùåãî çóáà (ïðÿìîé êëèí). 
Èñïîëüçîâàëñÿ ñòåíä äëÿ óñêîðåííûõ èìèòà-
öèîííûõ èñïûòàíèé äåòàëåé ìàøèí íà àáðà-
çèâíûé èçíîñ, ñõåìà êîòîðîãî èçîáðàæåíà íà 
ðèñ. 3. Ñòåíä èìååò áàðàáàí 1, â êîòîðîì ðàñïî-
ëàãàëàñü ïåñ÷àíàÿ ñðåäà 2, à íà âðàùàþùåìñÿ 
âàëó 3 ñ ïîìîùüþ ñòîåê 4 çàêðåïëÿëîñü èñïû-

 à â

Ðèñ. 3. Ñòåíä äëÿ óñêîðåííûõ èìèòàöèîííûõ 
èñïûòàíèé äåòàëåé ìàøèí íà îáðàçèâíûé èçíîñ: 

1 – áàðàáàí; 2 – ïåñ÷àíàÿ ñðåäà; 3 – âàë; 4 – ñòîéêè; 
5 – èñïûòûâàåìàÿ äåòàëü; 6 – ëåãêîèñòèðàåìûé 

ìàòåðèàë; 7 – ñåðäå÷íèê; 8 – êàòóøêà
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òûâàåìîå äîëîòî 5 ðûõëÿùåãî çóáà. Íà äîëîòî 
íàíîñèëñÿ òîíêèé ñëîé ëåãêîèñòèðàåìîãî ïî-
êðûòèÿ 6, òîëùèíà êîòîðîãî îïðåäåëÿëàñü 
ìàãíèòîèíäóêöèîííûì ñïîñîáîì ñ ïîìîùüþ 
ñåðäå÷íèêà 7 ñ êàòóøêàìè 8. Èñïûòàíèÿ äîëîò 
äëÿ ñðàâíåíèÿ ïðîâîäèëèñü ïðè ðàçíûõ óãëàõ 
èõ ïîñòàíîâêè ê íàïðàâëåíèþ äâèæåíèÿ ðûõ-
ëåíèÿ.

Èçíîñ ëåãêîèñòèðàåìîãî ñëîÿ ìàòåðèàëà 
ïðè èñïûòàíèÿõ ôèêñèðîâàëñÿ ïî èçìåíÿåìîé 
åãî òîëùèíå â ðàçíûõ òî÷êàõ ïîâåðõíîñòè 
òðåíèÿ.

Â ðåçóëüòàòå îáðàáîòêè ïîëó÷åííûõ äàííûõ 
áûëè óñòàíîâëåíû ñëåäóþùèå çàâèñèìîñòè:

y(30°) = –0,002õ3 + 0,05õ2 – 0,376õ + 
 + 7,209R2 + = 0,92; (2)

y(45°) = +0,023õ3 – 0,436õ2 + 1,284õ + 
 23,444R2 + = 0,95.  (3)

Âûøåïðèâåäåííûå çàâèñèìîñòè èçîáðàæå-
íû ãðàôè÷åñêè íà ðèñ. 4 â êà÷åñòâå ýïþð èí-
òåíñèâíîñòè èçíîñà (íîðìàëüíûõ äàâëåíèé) 
â çàâèñèìîñòè îò êîîðäèíàòû îòñòîÿíèÿ îò 
ëåçâèÿ äîëîòà ðûõëÿùåãî çóáà â äâóõ ðàçíûõ 
ôóíêöèÿõ óãëîâ íàêëîíà äîëîòà: y(30°) = f(L) è 
y(45°) = f(L). 

Ðèñ. 4. Ýïþðû èíòåíñèâíîñòè èçíîñà: 
G – âåëè÷èíû èíòåíñèâíîñòè èçíîñà 

(ïðîïîðöèîíàëüíû íîðìàëüíûì äàâëåíèÿì N 
ó – îñü îðäèíàò); L – äëèíà ëåçâèÿ (õ – îñü àáñöèññ)

Äàëåå, èñõîäÿ èç ïðåäïîëàãàåìûõ óñëîâèé 
ðàáîòû, ìàòåðèàëà äåòàëè è îæèäàåìîãî ðå-
ñóðñà åå ðàáîòû ïî íîìîãðàììå ðèñ. 3 íàçíà-
÷àåòñÿ ñîîòâåòñòâóþùàÿ òîëùèíà íàíåñåíèÿ 
óïðî÷íÿþùåãî ìàòåðèàëà. Â ïðàêòèêå äëÿ 
ñòàëåé 25 è 55 òîëùèíà óïðî÷íÿþùåãî ìàòå-
ðèàëà, êàê ïðàâèëî, íàçíà÷àåòñÿ â èíòåðâàëå 
n = 1,5–6,0 ìì. 

Ó÷èòûâàÿ ðåàëüíûé õàðàêòåð íàãðóæåíèÿ 
äåòàëè â êîíêðåòíûõ óñëîâèÿõ ýêñïëóàòàöèè 

è ïðèíèìàÿ íàçíà÷åííîå çíà÷åíèå òîëùèíû 
óïðî÷íÿþùåãî ñëîÿ ìàòåðèàëà â êà÷åñòâå n

min
, 

òî åñòü ìèíèìàëüíûé ðàâíîìåðíûé ñëîé, ïåðå-
õîäèì ê ñëåäóþùåìó ñîîòíîøåíèþ:

 

min 

min 

i

i

n n
y n

 ,  (4)

ãäå n
min

 – ìèíèìàëüíàÿ òîëùèíà óñëîâíî ïåð-
âîíà÷àëüíîãî ðàâíîìåðíîãî ñëîÿ íàíåñåíèÿ 
óïðî÷íÿþùåãî ìàòåðèàëà; ó

min 
– ìèíèìàëüíîå 

çíà÷åíèå ôóíêöèè ó(45°) = ƒ(L); n
i
, ó

i
 – òåêóùèå 

çíà÷åíèÿ ïîêàçàòåëåé.
Òîãäà óñëîâíî ðàâíîìåðíûé ñëîé óïðî÷íå-

íèÿ íåîáõîäèìî óâåëè÷èòü ïî òîëùèíå íà íå-
êîòîðóþ âåëè÷èíó ïîâåðõíîñòíîãî çàâåðøåíèÿ.

Äëÿ îêîí÷àòåëüíîãî êîíòóðà îáîçíà÷åííîå 

ñîîòíîøåíèå min 

min 

n
y

 ïðèíèìàåì â êà÷åñòâå êî-

ýôôèöèåíòà ïðèâåäåíèÿ ê è ïîëó÷àåì òåêóùåå 
çíà÷åíèå òîëùèíû ñëîÿ íàíåñåíèÿ óïðî÷íå-
íèÿ:

n
i
 = ê ó(45°) = ê (0,023 L3 – 0,436 L2 + 

 + 1,284L + 23,444),  (5)

ãäå òåêóùåå çíà÷åíèå àðãóìåíòà L ïðåäñòàâ-
ëÿþò ñîáîé ðàññòîÿíèå îò êðîìêè ëåçâèÿ 
äîëîòà.

Òàêèì îáðàçîì, ïîëó÷åíû çíà÷åíèÿ ôóíê-
öèè n

i
 = ê ƒ(L) äèôôåðåíöèðîâàííîãî ðàñïðå-

äåëåíèÿ óïðî÷íÿþùåãî ìàòåðèàëà ïî ëåçâèþ 
ðûõëÿùåãî çóáà (ïðÿìîãî êëèíà). Ïðè ðàñ÷åòå 
ðàñõîäà óïðî÷íÿþùåãî ìàòåðèàëà ìîæíî èñõî-
äèòü èç ïëîùàäè ñå÷åíèÿ êðèâîëèíåéíîé òðà-
ïåöèè

0,12 3 2

(45 )
0

0,023 0,436    
1,234 23,444
L LS dL
L

  
  

  
ê .

Âûâîäû
Äëÿ âûÿâëåíèÿ õàðàêòåðà ðàñïðåäåëåíèÿ 

äàâëåíèÿ íà ëåçâèÿ ðàáî÷èõ îðãàíîâ ãðóíòî-
îáðàáàòûâàþùèõ ìàøèí, à òàêæå ëîêàëüíûõ 
ó÷àñòêîâ áîëüøåãî èëè ìåíüøåãî îæèäàåìî-
ãî èçíîñà öåëåñîîáðàçíî, ïðåäâàðèòåëüíî äëÿ 
àíàëèçà, èñïîëüçîâàòü ëåãêîèçíàøèâàåìûå ìà-
òåðèàëû, ñïåöèàëüíî íàíîñèìûå íà èññëåäóå-
ìûå äåòàëè â êà÷åñòâå èíäèêàòîðîâ âíåøíåãî 
íàãðóæåíèÿ.

Ïðè ðàöèîíàëüíîì èñïîëüçîâàíèè è ðàñõî-
äîâàíèè ìàòåðèàëîâ òâåðäîñïëàâíûõ ïîêðû-
òèé ñëåäóåò âûáèðàòü ïàðàìåòðû èõ íàíåñåíèÿ 
ñ ó÷åòîì èíäèâèäóàëüíûõ óñëîâèé ïîñëåäó-
þùåé ïðàêòèêè ýêñïëóàòàöèè, ïðè ýòîì òîë-
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ùèíû èõ íàíåñåíèÿ ïðîèçâîäèòü ïî ïîäîáèþ 
êðèâîé ýïþðû íîðìàëüíûõ äàâëåíèé, êîòîðûå 
âîçíèêàþò â óñëîâèÿõ ðåàëüíûõ ðàáîò.
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