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Àííîòàöèÿ. Ïðåäñòàâëåíû ðåçóëüòàòû òåîðåòèêî-ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé òåìïåðàòóðíî-
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ùèõ èíñòðóìåíòîâ. Ïðèâåäåíû ðåçóëüòàòû îöåíêè âëèÿíèÿ îñàæäåííûõ èçíîñîñòîéêèõ ïîêðûòèé
íà îáðàáàòûâàåìîñòü õðîìîíèêåëåâûõ ñïëàâîâ. Ïðåäñòàâëåíû íàòóðíûå ýêñïåðèìåíòû ïî îöåíêå
ïðî÷íîñòè àäãåçèîííûõ ñâÿçåé. Ïîêàçàíî, ÷òî èñïîëüçîâàíèå â óñëîâèÿõ ïîâûøåííîé òåïëîñèëî-
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Abstract

The article deals with theoretical and experimental studies of cutting tool wear intensity while machining
chrome-nickel alloys under temperature-force conditions employing modern wear-resistant complexes.
Application of modifying multilayer-composite multicomponent nanostructured wear-resistant complexes
is one of the most promising ways to improve the cutting properties of edge tools. The authors defined basic
trends for edge cutting tools wear-off intensity reduction, associated with the friction coefficient value
decreasing by application of the lubricant-cooling technological agents (LCTA)  and wear-resistant complexes,
as well as cutting temperature impact on the wear intensity in time. The cutting mode, temperature-force
factor value in the working zone and contact phenomena at the cutting wedge affect the tool complexes
origination (the tool material and wear-proof coating) with the effect of adaptation in the process of friction.

The article presents data on a series of experimental studies on the cutting process thermo-physics and
mechanics, regularities of the cutting tool wear process while chromium-nickel parts lathe work for the
qualitative estimation of the wear-resistant coatings effect on the machinability. Quadrihedral carbide plates
(10 × 10 mm) and solid tools from the materials (BK8, BKIOOM) with various wear-resistant coatings were
employed as cutting tools. The life testing and temperature-force tests were conducted with the I6K20 universal
lathe machine of normal stiffness with stepless spindle rotation frequency control.

Temperature measuring in the process of metal cutting processing with a view to identify the average
contact temperature with a sufficiently high accuracy and reliability was being performed by the natural
thermocouple method. The thermo-EMF values registration and evaluation were accomplished by the mercury
current collector and “Elemer” digital voltmeter. Estimation of friction coefficient and stress state of contact
zone at various temperatures was conducted with the adhesion installation.

It has been established that the most favorable temperature-force state is being ensured at deposition
the TiAlN of multilayer coatings after magnetic-arc filtration (MAF). Relative linear wear and its intensity
decrease are being observed herewith, which can be explained by forming protective amorphous-like
(aluminum oxide) and lubricating (titanium oxide) structures on the cutting wedge surface.

It has been revealed that the increase of cutting temperature and tangential component of cutting force with
subsequent decrease of cutting tool wear resistance when using chromium-containing coating is associated with
the phenomenon of chemical affinity of contacting materials at increased temperatures in the cutting zone.

It has been established that application of chromium-nickel alloys in the contact zone under conditions
of the increased thermal power load at blade machining with tool wear-resistant complexes allows the twofold
increasing of the durability period.

Keywords: wear-resistant complexes, friction, nano-structured coatings, cutting temperature and force,
cutting tools wearing-out, thermo-emf, adhesive bonds strength.
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Ââåäåíèå

Â òåõíîëîãèè ìàøèíîñòðîåíèÿ ëåçâèéíàÿ
îáðàáîòêà ðåçàíèåì ÿâëÿåòñÿ îñíîâíûì ïðîöåñ-
ñîì, øèðîêî ïðèìåíÿåìûì â ðàçëè÷íûõ îòðàñ-
ëÿõ ïðîìûøëåííîñòè è, ïî îöåíêàì âåäóùèõ
ýêñïåðòîâ, ñîõðàíèò âåäóùóþ ðîëü â áëèæàéøåì
áóäóùåì. Ýòî îáóñëîâëåíî ñëåäóþùèìè îáñòîÿ-
òåëüñòâàìè: âî-ïåðâûõ, âñå áîëüøåå ïðèìåíåíèå
â ìàøèíîñòðîèòåëüíîì ïðîèçâîäñòâå ñîâðåìåí-
íûõ èçäåëèé íàõîäÿò èííîâàöèîííûå ïåðñïåê-
òèâíûå òèïû êîíñòðóêöèîííûõ ìàòåðèàëîâ ñ
óíèêàëüíûìè ôèçèêî-ìåõàíè÷åñêèìè è òåïëî-
ôèçè÷åñêèìè ñâîéñòâàìè (íàïðèìåð, â àâèàêîñ-
ìè÷åñêîé ïðîìûøëåííîñòè), êîòîðûå íåâîçìîæ-
íî îáðàáàòûâàòü áåç èñïîëüçîâàíèÿ âûñîêîýô-
ôåêòèâíûõ ðåæóùèõ èíñòðóìåíòîâ (ÐÈ); âî-âòî-
ðûõ, ðåçêî âîçðàñòàþò òðåáîâàíèÿ ê êà÷åñòâåí-
íî-òî÷íîñòíûì ïîêàçàòåëÿì îáðàáîòàííûõ èçäå-
ëèé ïðè ìàêñèìàëüíî âîçìîæíîé ïðîèçâîäèòåëü-
íîñòè ïðîöåññîâ ðåçàíèÿ. Êðîìå òîãî, èìåííî
ðåæóùèé èíñòðóìåíò ïðåäîïðåäåëÿåò â áîëüøåé
ñòåïåíè òåõíè÷åñêèå îñîáåííîñòè äîðîãîñòîÿùèõ
ìåõàòðîííûõ ñèñòåì ñ âûñîêîïðîèçâîäèòåëüíû-
ìè óñòðîéñòâàìè óïðàâëåíèÿ íà êîíòðîëëåðàõ è
ìèêðîïðîöåññîðàõ (×ÏÓ è ÀäÑÓ), ÷òî ñïîñîá-
ñòâóåò óìåíüøåíèþ ïåðèîäà îêóïàåìîñòè ñèñòåì.

Àíàëèç çàðóáåæíûõ è îòå÷åñòâåííûõ èññëå-
äîâàíèé ïîêàçàë, ÷òî íåñìîòðÿ íà ðàçðàáîòêó
âûñîêîïðîèçâîäèòåëüíûõ òèïîâ èíñòðóìåíòàëü-
íûõ ìàòåðèàëîâ è ðàçëè÷íûõ ñïîñîáîâ ïîâûøå-
íèÿ èõ ðåæóùèõ ñâîéñòâ ðåæóùèå èíñòðóìåíòû
îñòàþòñÿ íàèáîëåå ñëàáûì çâåíîì òåõíîëîãè÷åñ-
êîé ñèñòåìû îáðàáîòêè ðåçàíèåì. Ïðîáëåìå ïî-
âûøåíèÿ ðàáîòîñïîñîáíîñòè èíñòðóìåíòà ïîñâÿ-
ùåíî áîëüøîå êîëè÷åñòâî ðàáîò, îäíàêî îñòàåòñÿ
ìíîãî íåðåøåííûõ çàäà÷, ñâÿçàííûõ ñ ïîâûøå-
íèåì ñòîéêîñòè ëåçâèéíîãî èíñòðóìåíòà. Äëÿ
óëó÷øåíèÿ èçíîñîñòîéêîñòè è îáåñïå÷åíèÿ
ôðèêöèîííûõ ñâîéñòâ ïðèìåíÿþò ìåòàëëè÷åñ-
êèå, êåðàìè÷åñêèå è êîìïîçèöèîííûå ïîêðûòèÿ,
íàíîñèìûå ðàçëè÷íûìè ìåòîäàìè [1—5]. Îäíèì
èç ñàìûõ ïåðñïåêòèâíûõ ñïîñîáîâ óëó÷øåíèÿ
ðåæóùèõ ñâîéñòâ ëåçâèéíûõ èíñòðóìåíòîâ ÿâëÿ-
åòñÿ ôîðìèðîâàíèå íà èõ ðàáî÷èõ ïîâåðõíîñòÿõ
ìîäèôèöèðóþùèõ ìíîãîñëîéíî-êîìïîçèöèîí-
íûõ ìíîãîêîìïîíåíòíûõ íàíîñòðóêòóðèðîâàí-
íûõ èçíîñîóñòîé÷èâûõ êîìïëåêñîâ (ÈÊ) [4—7].

Öåëü ðàáîòû — ýêñïåðèìåíòàëüíîå îïðåäåëå-
íèå ïîâåäåíèÿ èçíîñîñòîéêîñòè ïðè òåìïåðàòóð-
íî-ñèëîâîì ñîñòîÿíèè ïðîöåññà ëåçâèéíîé îá-
ðàáîòêè ðåæóùèì èíñòðóìåíòîì ñ ìíîãîñëîéíû-
ìè ïîêðûòèÿìè.

Òåîðåòèêî-ýêñïåðèìåíòàëüíûå ïðåäïîñûëêè

Ïðîöåññ îáðàáîòêè ìåòàëëîâ ðåçàíèåì —
ñëîæíûé ïðîöåññ ïî ñâîåé ôèçè÷åñêîé ñóùíî-
ñòè [5, 8—11]. Ïðè êîíòàêòå ÐÈ ñ îáðàáàòûâàå-
ìûì ìàòåðèàëîì ïðîÿâëÿþòñÿ ïîâûøåííûå äàâ-
ëåíèÿ (äî 2000 ÌÏà è áîëåå), êîòîðûå âåäóò ê ïî-
âûøåíèþ òåìïåðàòóðû (äî 1200...1500 Ê) è ñïî-
ñîáñòâóþò âîçíèêíîâåíèþ âûñîêèõ ñêîðîñòåé äå-
ôîðìàöèè (äî 106 ñ-1) è ò.ä. Ýòîò ïðîöåññ ñîçäà-
åò áëàãîïðèÿòíûå óñëîâèÿ äëÿ ðîñòà àäãåçèîííîé
ïðî÷íîñòè, âçàèìíîé äèôôóçèè è íàâîäîðàæè-
âàíèÿ ïîâåðõíîñòè, èçìåíåíèÿ ñòðóêòóðíî-ôàçî-
âîãî ñîñòàâà, ãåíåðèðîâàíèÿ ÝÄÑ. Âûøåïåðå÷èñ-
ëåííûå óñëîâèÿ îêàçûâàþò çíà÷èìîå âîçäåéñòâèå
íà ñâîéñòâà è ñîñòîÿíèå êîíòàêòíûõ ïîâåðõíî-
ñòåé ÐÈ è ìàòåðèàëà çàãîòîâêè.

Ïðè ðåàëèçàöèè ïðîöåññà îáðàáîòêè ïîâåð-
õíîñòè ëåçâèéíûì èíñòðóìåíòîì òðåíèå ÿâëÿåòñÿ
ãëàâíûì èñòî÷íèêîì òåïëà (òåìïåðàòóðû) è ïðè-
÷èíîé îáðàçîâàíèÿ âòîðè÷íûõ ñòðóêòóð â ïðèïî-
âåðõíîñòíûõ ñëîÿõ. Ïðîöåññ òðåíèÿ ïðîèñõîäèò
ïðè âûñîêèõ òåìïåðàòóðàõ â óñëîâèÿõ þâåíèëü-
íîñòè êîíòàêòà, ñîïðîâîæäàåòñÿ ïëàñòè÷åñêîé
äåôîðìàöèåé, à çíà÷èò, ïðåîáëàäàåò àäãåçèîííàÿ
(ìîëåêóëÿðíàÿ) ñîñòàâëÿþùàÿ â êîíòàêòíûõ ïðî-
öåññàõ [12—16].

Êîíòàêòíûå ïîâåðõíîñòè ÐÈ è îáðàáàòûâà-
åìîãî ìàòåðèàëà (çàãîòîâêè) ïðè îòíîñèòåëüíîì
ñêîëüæåíèè ñîâåðøàþò íåïðåðûâíûé ïðîöåññ
çàðîæäåíèÿ è ñðåçàíèÿ àäãåçèîííûõ ïÿòåí. Ïî-
âåðõíîñòü ÐÈ íàõîäèòñÿ ïîä äåéñòâèåì ñðåçàþ-
ùèõ íàïðÿæåíèé, ÷òî ïðèâîäèò ê îòðûâàì (ìå-
ñòàìè) ÷àñòèö ìàòåðèàëà ñ ïîâåðõíîñòè. Ñðûâ
îáû÷íî íàáëþäàåòñÿ áîëüøå ó ìÿãêîãî, îáðàáà-
òûâàåìîãî ìàòåðèàëà, íî èññëåäîâàíèÿ íà ýëåê-
òðîííîì ìèêðîñêîïå ôèêñèðóþò îäíîâðåìåííûé
ïåðåíîñ ÷àñòèö èíñòðóìåíòàëüíîãî, áîëåå òâåð-
äîãî ìàòåðèàëà, íà áîëåå ìÿãêèé ìàòåðèàë.

Äëÿ àíàëèçà è îáúÿñíåíèÿ êîíòàêòíûõ ïðî-
öåññîâ ïðè ðåçàíèè ìåòàëëîâ, íàïðÿæåííî-äå-
ôîðìèðîâàííîãî ñîñòîÿíèÿ ðåæóùåãî êëèíà ïðè
ðàçëè÷íûõ òåìïåðàòóðíî-ñèëîâûõ ðåæèìàõ ðàáî-
òû èñïîëüçóþòñÿ ðàçëè÷íûå ïîäõîäû è ìåòîäû
îïèñàíèÿ ýòèõ ÿâëåíèé. Êðîìå òîãî, ñåãîäíÿ
ïðåèìóùåñòâåííîå ïðèìåíåíèå è ðàçâèòèå ïîëó-
÷àåò ñòðóêòóðíî-ýíåðãåòè÷åñêîå îïèñàíèå ïðî-
öåññà êîíòàêòíîãî âçàèìîäåéñòâèÿ îáðàáàòûâà-
åìîãî ìàòåðèàëà è ïîâåðõíîñòåé ðåæóùåãî èíñò-
ðóìåíòà. Ïðè ýòîì ïðîöåññ ðåçàíèÿ ðàññìàòðè-
âàåòñÿ êàê îòêðûòàÿ òåðìîäèíàìè÷åñêàÿ ñèñòå-
ìà ñ äèññèïàöèåé ýíåðãèè, çàòðà÷åííîé íà êà-
êîé-ëèáî ïðîöåññ, ò.å. äèññèïàòèâíàÿ ôóíêöèÿ
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(ýíåðãèÿ, çàòðà÷åííàÿ çà åäèíèöó âðåìåíè íà
åäèíèöó ïëîùàäè) ðàáîòû âíåøíèõ ñèë òðàòèò-
ñÿ íà ïëàñòè÷åñêóþ äåôîðìàöèþ îáðàáàòûâàåìî-
ãî ìàòåðèàëà, ôîðìîèçìåíåíèå (èçíàøèâàíèå)
ðåæóùåãî èíñòðóìåíòà è ñòðóêòóðíî-ôàçîâûå
ïðåâðàùåíèÿ ïîâåðõíîñòíûõ ñëîåâ îáðàáàòûâà-
åìîãî è èíñòðóìåíòàëüíîãî ìàòåðèàëîâ [5, 10, 14,
18]. Ñîñòàâëÿåòñÿ óðàâíåíèå ýíåðãåòè÷åñêîãî áà-
ëàíñà ïðîöåññà òðåíèÿ ïðè ðåçàíèè ìåòàëëîâ è
óòî÷íÿþòñÿ åãî ñîñòàâëÿþùèå. Îïóñêàÿ ìàòåìà-
òè÷åñêèå âûêëàäêè, ïîëó÷åííûå â ðàáîòå [2, 5],
çàïèøåì âûðàæåíèå äëÿ ðàñ÷åòà èíòåíñèâíîñòè
èçíàøèâàíèÿ èíñòðóìåíòà:
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ãäå pz( τ ) – òåêóùåå çíà÷åíèå òàíãåíöèàëüíîé
ñîñòàâëÿþùåé óñèëèÿ ðåçàíèÿ; l1 – äëèíà êîíòàê-
òà ïî ïåðåäíåé ïîâåðõíîñòè; b – øèðèíà ñðåçà-

åìîãî ñëîÿ; f — êîýôôèöèåíò òðåíèÿ; ( )θ τ  – òå-

êóùåå çíà÷åíèå òåìïåðàòóðû ðåçàíèÿ; V – ñêî-
ðîñòü ðåçàíèÿ; Jä – áåçðàçìåðíûé êðèòåðèé, ó÷è-
òûâàþùèé ôèçèêî-ìåõàíè÷åñêèå ñâîéñòâà îáðà-

áàòûâàåìîãî ìàòåðèàëà; Jθ  – áåçðàçìåðíûé êðè-

òåðèé, ó÷èòûâàþùèé õàðàêòåð èçìåíåíèÿ òåìïå-
ðàòóðû ðåçàíèÿ; HVè – òâåðäîñòü (èíñòðóìåíòàëü-
íûé ìàòåðèàë èëè ïîêðûòèÿ); HVô – òâåðäîñòü
îáðàáàòûâàåìîãî ìàòåðèàëà â çîíå óñëîâíîé
ïëîñêîñòè ñäâèãà; α  – ïîêàçàòåëü, ó÷èòûâàþùèé

ñòåïåíü âëèÿíèÿ òåìïåðàòóðû ðåçàíèÿ θ , èçìå-

íÿþùåéñÿ âî âðåìåíè τ , íà îòíîøåíèå òâåðäî-
ñòåé ìàòåðèàëîâ; ( )erf P τ  – âåðîÿòíîñòü îòäåëå-
íèÿ ÷àñòèö èçíàøèâàíèÿ èíñòðóìåíòàëüíîãî ìà-
òåðèàëà; Pr – êîíòàêòíîå äàâëåíèå íà ðåæóùèé

êëèí; Å è òσ  – ñîîòâåòñòâåííî ìîäóëü óïðóãîñ-

òè è êðàòêîâðåìåííûé ïðåäåë òåêó÷åñòè èíñòðó-
ìåíòàëüíîãî ìàòåðèàëà.

Çàâèñèìîñòü (1) îïðåäåëÿåò îñíîâíûå íàïðàâ-
ëåíèÿ óìåíüøåíèÿ èíòåíñèâíîñòè èçíîñà ëåç-
âèéíûõ ÐÈ:

– ñíèæåíèå êîýôôèöèåíòà òðåíèÿ f ïðè
ôðèêöèîííîì êîíòàêòå ÐÈ ñ îáðàáàòûâàåìûì
ìàòåðèàëîì. Ïðîèñõîäèò âñëåäñòâèå ïîÿâëåíèÿ
íà ïîâåðõíîñòÿõ ÐÈ (ðàáî÷èå ïîâåðõíîñòè) âòî-
ðè÷íûõ ñòðóêòóð è ôîðìèðîâàíèÿ ôàç ïðîäóêòîâ
àäàïòàöèè òðèáîñèñòåìû, ñíèæåíèÿ óñèëèÿ ðå-
çàíèÿ, åå òàíãåíöèàëüíîé ñîñòàâëÿþùåé, à òàê-

æå ïðèìåíåíèÿ ñìàçî÷íî-îõëàæäàþùèõ òåõíîëî-
ãè÷åñêèõ ñðåäñòâ (ÑÎÒÑ) è èçíîñîóñòîé÷èâûõ
êîìïëåêñîâ;

– óâåëè÷åíèå çíà÷åíèÿ îòíîøåíèÿ HVè è
HVô. Ðåàëèçóåòñÿ ïðèìåíåíèåì èçíîñîóñòîé÷è-
âûõ êîìïëåêñîâ, êîòîðûå âåäóò ê ñíèæåíèþ çà-
âèñèìîñòè ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ âçàè-
ìîäåéñòâóþùèõ (êîíòàêòèðóþùèõ) ïîâåðõíîñòåé
îò òåìïåðàòóðû, âîçíèêàþùåé â ðàáî÷åé çîíå;

– òåìïåðàòóðà ïðîöåññà ðåçàíèÿ ïðîÿâëÿåò
äâîéíîå âîçäåéñòâèå íà èíòåíñèâíîñòü ïðîòåêà-
íèÿ èçíîñà ÐÈ: ïðîèñõîäèò óâåëè÷åíèå òåìïåðà-
òóðû, ÷òî ïîíèæàåò âëèÿíèå ñèëîâîãî ôàêòîðà,
ôîðìèðóþòñÿ âòîðè÷íûå ñòðóêòóðû ïðè òðåíèè
è îáðàçóþòñÿ ôàçû ñ èçìåíåííûìè ôèçèêî-ìå-
õàíè÷åñêèìè ñâîéñòâàìè.

Òàêèì îáðàçîì, ïðè ñèíòåçå èíñòðóìåíòàëü-
íûõ êîìïëåêñîâ (ìàòåðèàë èíñòðóìåíòà è ôóí-
êöèîíàëüíî èçíîñîñòîéêîå ïîêðûòèå) ñ ýôôåê-
òîì àäàïòàöèè â ïðîöåññå ôðèêöèîííîãî êîíòàê-
òà íåîáõîäèìî ó÷èòûâàòü ðåæèìû ðåàëèçàöèè
ïðîöåññà ðåçàíèÿ, âåëè÷èíó òåìïåðàòóðíî-ñèëî-
âîãî ôàêòîðà â ðàáî÷åé çîíå è êîíòàêòíûõ ÿâëå-
íèé íà ðåæóùåì êëèíå.

Ðåçóëüòàòû íàòóðíûõ ýêñïåðèìåíòîâ

Äëÿ êà÷åñòâåííîé îöåíêè ïîëó÷åííîé çàâè-
ñèìîñòè è îöåíêè âëèÿíèÿ èçíîñîñòîéêèõ ïî-
êðûòèé íà îáðàáàòûâàåìîñòü áûëè ïðîâåäåíû
ñåðèè ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïî òåï-
ëîôèçèêå è ìåõàíèêå ïðîöåññà ðåçàíèÿ, çàêîíî-
ìåðíîñòåé ïðîòåêàíèÿ ïðîöåññà èçíîñà ÐÈ ïðè
îáðàáîòêå (òî÷åíèè) õðîìîíèêåëåâûõ ñïëàâîâ,
õàðàêòåðèçóþùèõñÿ çíà÷èòåëüíî ðàçíÿùèìèñÿ
ôèçèêî-ìåõàíè÷åñêèìè ñâîéñòâàìè, õèìñîñòà-
âîì è ñëåäîâàòåëüíî, ðàçëè÷íûìè ðåæèìàìè îá-
ðàáîòêè: II ãðóïïà îáðàáàòûâàåìîñòè ðåçàíèåì —
ñòàëü 14X17H2, êîððîçèîííî-ñòîéêàÿ õðîìèñòàÿ,
êëàññ — ìàðòåíñèòíî-ôåððèòíûé; III ãðóïïà –
ñòàëü 12X18H10T êîððîçèîííî-ñòîéêàÿ õðîìîíè-
êåëåâàÿ, êëàññ àóñòåíèòíûé; IV ãðóïïà – ñòàëü
15X18H12C4TÞ, æàðîïðî÷íàÿ, æàðîñòîéêàÿ,
êèñëîòîñòîéêàÿ, êëàññ àóñòåíèòíûé.

Ïðè íàòóðíûõ èñïûòàíèÿõ (èññëåäîâàíèå
îáðàáàòûâàåìîñòè ìàòåðèàëîâ) ïðèìåíÿëèñü ÷å-
òûðåõãðàííûå òâåðäîñïëàâíûå ïëàñòèíû
(10 × 10 ìì) è öåëüíûå ðåçöû èç ìàòåðèàëîâ (ÂÊ8,
BKIOOM) ñ ðàçëè÷íûìè èçíîñîñòîéêèìè ïî-
êðûòèÿìè. Íà óíèâåðñàëüíîì òîêàðíîì ñòàíêå
íîðìàëüíîé æåñòêîñòè I6K20 ïðîâîäèëèñü ñòîé-
êîñòíûå è òåìïåðàòóðíî-ñèëîâûå èñïûòàíèÿ.
Ñòàíîê äëÿ áåññòóïåí÷àòîãî ðåãóëèðîâàíèÿ ÷à-
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ñòîòû âðàùåíèÿ øïèíäåëÿ îáîðóäîâàí òèðèñòîð-
íûì ïðåîáðàçîâàòåëåì.

Ìåòîä åñòåñòâåííîé òåðìîïàðû ïðåäëîæåí
[5, 17—19] äëÿ çàìåðà òåìïåðàòóðû ïðè ðåàëèçà-
öèè ïðîöåññà îáðàáîòêè ðåçàíèåì ìåòàëëîâ ñ
öåëüþ èäåíòèôèêàöèè ñðåäíåé òåìïåðàòóðû êîí-
òàêòà ñ äîñòàòî÷íî âûñîêîé òî÷íîñòüþ è íàäåæ-
íîñòüþ. Äàííûé ìåòîä ïðèìåíÿåòñÿ äëÿ óñòàíîâ-
ëåíèÿ ñðåäíåãî çíà÷åíèÿ òåìïåðàòóðû ðåçàíèÿ.
Äåòàëü è ÐÈ èçîëèðîâàíû, ÷òî ïîçâîëÿåò èñêëþ-
÷èòü âîçíèêíîâåíèå ïîãðåøíîñòåé îò äåéñòâèÿ
«ïàðàçèòíûõ» òåðìî-ÝÄÑ. Ìîíèòîðèíã òåðìî-
ÝÄÑ îñóùåñòâëÿëñÿ ÷åðåç 10–15 ñ ïîñëå íà÷àëà
îáðàáîòêè. Ðåãèñòðàöèÿ è îöåíêà âåëè÷èíû òåð-
ìî-ÝÄÑ ñîâåðøàëàñü ïðè ïîìîùè ðòóòíîãî òî-
êîñúåìíèêà è öèôðîâîãî âîëüòìåòðà «Ýëåìåð».
Ñ öåëüþ îïðåäåëåíèÿ õàðàêòåðà èçìåíåíèé ñèë
ðåçàíèÿ (Pz, Px, Py) â çàâèñèìîñòè îò ðåæèìà
ðåçàíèÿ (îöåíèâàëàñü âåëè÷èíà äèñêðåòíîãî è
íåïðåðûâíîãî èçìåíåíèÿ) ïðîâîäèëèñü ýêñïåðè-
ìåíòû ïî íàõîæäåíèþ ñîñòàâëÿþùèõ ñèëû ðåçà-
íèÿ. Îáðàáîòêà îñóùåñòâëÿëàñü íà ñòàíêàõ 16K20
è ñ ×ÏÓ 16K20T1.

Âåëè÷èíû ñèë ðåçàíèÿ îïðåäåëÿëèñü ñëåäóþ-
ùåé àïïàðàòóðîé: óíèâåðñàëüíûé äèíàìîìåòð
ÓÄÌ-600 ñ óñèëèòåëåì 4ÀÍ×-22 íà áàçå ÏÝÂÌ
äëÿ ðåãèñòðàöèè è çàïèñè ïàðàìåòðîâ, îñöèëëîã-
ðàô òèïà H-117 (øëåéôîâûé, ñâåòîëó÷åâîé). Äëÿ
òàðèðîâàíèÿ äèíàìîìåòðà èñïîëüçîâàëñÿ îáðàç-
öîâûé ïåðåíîñíîé äèíàìîìåòð ñèñòåìû
Í.Ã. Òîêàðÿ (ÃÎÑÒ 9500-95).

Äëÿ îöåíèâàíèÿ êîýôôèöèåíòà òðåíèÿ è íà-
ïðÿæåííîãî ñîñòîÿíèÿ êîíòàêòíîé çîíû ïðè
ðàçëè÷íûõ òåìïåðàòóðàõ áûëè ïðîâåäåíû íàòóð-
íûå ýêñïåðèìåíòû íà àäãåçèîííîé óñòàíîâêå.
Ôèçè÷åñêàÿ ìîäåëü óñòàíîâêè, îòðàæàþùàÿ ðå-
àëüíûå óñëîâèÿ ïðîòåêàíèÿ ïðîöåññà òðåíèÿ è
èçíàøèâàíèÿ ïðè îãðàíè÷åííîì (ëîêàëüíîì)
êîíòàêòå, ïðåäñòàâëåíà íà ðèñ. 1. Â ñîîòâåòñòâèè
ñ ìîäåëüþ èíäåíòîð 2 (ñôåðè÷åñêèé), âûïîëíåí-
íûé  èç èíñòðóìåíòàëüíîãî ìàòåðèàëà (èíäåí-
òîð èìèòèðóåò åäèíè÷íóþ íåðîâíîñòü ïÿòíà êà-
ñàíèÿ òðóùèõñÿ òâ¸ðäûõ òåë), ñäàâëåííûé äâóìÿ
ïëîñêîïàðàëëåëüíûìè îáðàçöàìè 1 èç îáðàáàòû-
âàåìîãî ìàòåðèàëà (ñ âûñîêîé òî÷íîñòüþ èçãî-
òîâëåíèÿ è ÷èñòîòîé âçàèìîäåéñòâóþùèõ ïîâåð-
õíîñòåé), îñóùåñòâëÿåò âðàùåíèå ïîä äåéñòâèåì
íàãðóçêè âîêðóã ñîáñòâåííîé îñè. Ïðè ýòîì ðàç-
ëè÷íûé òåìïåðàòóðíûé ðåæèì êîíòàêòà èíäåí-
òîð 2 — îáðàçåö 1 îáåñïå÷èâàåòñÿ âûñîêîâîëüò-
íûì òîêîâîäîì 5, èçîëèðîâàííûì íåòîêîïðîâî-
äÿùèì ìàòåðèàëîì (òåêñòîëèòîì) 6. Ñèëà Fýêñ,
çàòðà÷èâàåìàÿ íà ñîâåðøåíèå âðàùåíèÿ èíäåí-

òîðà è ïðèëîæåííàÿ ê òðîñó 3, íàõîäÿùåìóñÿ â
ïàçå äèñêà 4, ãëàâíûì îáðàçîì ñâÿçàíà ñî ñäâè-
ãîâîé ïðî÷íîñòüþ nτ  àäãåçèîííûõ ñâÿçåé.

Ïðî÷íîñòü nτ  àäãåçèîííûõ ñâÿçåé íà ñðåç îï-
ðåäåëÿåòñÿ èç ñîîòíîøåíèÿ:
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ãäå Fýêñ – îêðóæíàÿ ñèëà íà äèñêå, âðàùàþùàÿ
èíäåíòîð;

Rýêñ – ðàäèóñ äèñêà, â êîòîðîì çàêðåïëÿåòñÿ
èíäåíòîð;

rîòï – ðàäèóñ îòïå÷àòêà (ëóíêè) íà îáðàçöàõ.
Âñëåäñòâèå ìàëûõ ïàðàìåòðîâ îòïå÷àòêà îò

èíäåíòîðà ïðåäïîëàãàåì, ÷òî íàïðÿæåíèÿ, äåé-
ñòâóþùèå ïî íîðìàëè, âîçäåéñòâóþùèå íà ïî-
âåðõíîñòü ñôåðû, ïî âåëè÷èíå ïîñòîÿííû è â
îáëàñòè âñåãî îòïå÷àòêà ðàâíû. Îíè ìîãóò áûòü
ïîëó÷åíû êàê
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Àäãåçèîííàÿ (ìîëåêóëÿðíàÿ) ñîñòàâëÿþùàÿ
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Íåîáõîäèìî îáðàòèòü âíèìàíèå íà âåëè÷èíó
øåðîõîâàòîñòè, òî÷íîñòè è ÷èñòîòû âçàèìîäåé-
ñòâóþùèõ òåë. Âåëè÷èíà íàãðóçêè N âûáèðàåò-
ñÿ òàê, ÷òîáû ïðè êàñàíèè â çîíå êîíòàêòà ñðåä-

Ðèñ. 1. Ìîäåëü ôðèêöèîííîãî êîíòàêòà
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íèå íàïðÿæåíèÿ áûëè ñîèçìåðèìû ñ òâ¸ðäîñòüþ
ïî Áðèíåëëþ ïëîñêèõ îáðàçöîâ, âûïîëíåííûõ èç
ýòîãî æå ìàòåðèàëà. Ñîãëàñíî [6, 11, 15, 20], ïðè
îòíîñèòåëüíîì âíåäðåíèè

1

0,02 0,2
h
r

£ £                     (5)

âîçìîæåí ïëîñêèé ïëàñòè÷íûé êîíòàêò, à òàêæå
íåêîå «ðàñòåêàíèå» ïîâåðõíîñòè, êîòîðîå ìîæåò
ïðèâåñòè ê ðàçðóøåíèþ èíîðîäíûõ ïîêðûòèé,
íàïðèìåð îêñèäíûõ è ñîðáèðîâàííûõ ïë¸íîê, è
ñîâåðøåíèþ êîíòàêòà þâåíèëüíûõ (÷èñòûõ) ìå-
òàëëè÷åñêèõ ïîâåðõíîñòåé.

Òåõíè÷åñêèå ïàðàìåòðû: ðàçìåðû îáðàçöîâ
( ∅ 20 ìì, h = 7 ìì), èíäåíòîð (rñô = 2,5 ìì, âû-

ñîòà  25 ìì) è âðåìÿ âûäåðæêè (1 ìèí) ïîä íîð-
ìàëüíîé íàãðóçêîé íàçíà÷àþòñÿ ñîãëàñíî òåõíè-
÷åñêèì òðåáîâàíèÿì äëÿ àíàëîãè÷íûõ èñïûòàíèé

ïðè èñïûòàíèè íà òâ¸ðäîñòü ïî Áðèíåëëþ
(ÃÎÑÒ 9012-59). Îäíîðîäíîñòü ôèçèêî-ìåõàíè-
÷åñêèõ ñâîéñòâ îáåñïå÷èâàåòñÿ èçãîòîâëåíèåì
ýêñïåðèìåíòàëüíûõ îáðàçöîâ èç îäíîé ïàðòèè
ìàòåðèàëà. Ðåçóëüòàòû àäãåçèîííûõ èññëåäîâà-
íèé ïðèâåäåíû íà ðèñ. 2.

Èçíîñîñòîéêîñòü ðåæóùåãî èíñòðóìåíòà ñ
ðàçëè÷íûìè ïîêðûòèÿìè èññëåäîâàëàñü ïðè ðàç-
ëè÷íûõ ñî÷åòàíèÿõ ðåæèìîâ ðåçàíèÿ è îöåíèâà-
ëàñü îòíîñèòåëüíûì ëèíåéíîì èçíîñîì ïðè

êð
Çh = 0,3 ìì:

Ç.Ê Ç.H
ÎЛ .

K H

h h
h

l l

-
=

-                  (6)

Ðåçóëüòàòû ðàñ÷åòíûõ è ýêñïåðèìåíòàëüíûõ
äàííûõ ïðåäñòàâëåíû â òàáëèöå ïðè îáðàáîòêå
ñïëàâà 15X18H12C4TÞ ðåçöîì ÂÊ10 ÎÌ ñ ðàç-

Ðèñ. 2. Òåìïåðàòóðíàÿ çàâèñèìîñòü àäãåçèîííûõ õàðàêòåðèñòèê
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ëè÷íûìè ïîêðûòèÿìè äëÿ ñëåäóþùèõ ðåæèìîâ:
ñêîðîñòü ðåçàíèÿ V = 85 ì/ìèí, ãëóáèíà t =
= 0,5 ìì, ïîäà÷à S = 0,11 ìì/îá.

Âûâîäû

Ïî ðåçóëüòàòàì ýêñïåðèìåíòàëüíûõ èññëåäî-
âàíèé óñòàíîâëåíî:

— íàèáîëåå áëàãîïðèÿòíîå òåìïåðàòóðíî-ñè-
ëîâîå ñîñòîÿíèå îáåñïå÷èâàåòñÿ ïðè èñïîëüçî-
âàíèè ìíîãîñëîéíûõ ïîêðûòèé TiAlN ïîñëå
ìàãíèòíî-äóãîâîé ôèëüòðàöèè (ÌÄÔ) è TiAlN,
ïðè ýòîì íàáëþäàåòñÿ óìåíüøåíèå îòíîñèòåëü-
íîãî ëèíåéíîãî èçíîñà è åãî èíòåíñèâíîñòè, ÷òî,
ñîãëàñíî ïðîâåäåííûì èññëåäîâàíèÿì, îáúÿñíÿ-
åòñÿ ôîðìèðîâàíèåì íà ïîâåðõíîñòè ðåæóùåãî
êëèíà çàùèòíûõ àìîðôíîïîäîáíûõ (îêñèä àëþ-
ìèíèÿ) è ñìàçûâàþùèõ (îêñèä òèòàíà) ñòðóêòóð;

— ïîâûøåíèå òåìïåðàòóðû ðåçàíèÿ è òàíãåí-
öèàëüíîé ñîñòàâëÿþùåé óñèëèÿ ðåçàíèÿ, ñ ïîñ-
ëåäóþùèì ñíèæåíèåì èçíîñîñòîéêîñòè ðåæóùå-
ãî èíñòðóìåíòà ïðè ïðèìåíåíèè õðîìîñîäåðæà-
ùåãî ïîêðûòèÿ, ñâÿçàíî ñ ÿâëåíèåì õèìè÷åñêî-
ãî ñðîäñòâà êîíòàêòèðóþùèõ ìàòåðèàëîâ ïðè
ïîâûøåííûõ òåìïåðàòóðàõ â çîíå ðåçàíèÿ;

— ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâà-
íèé ïîçâîëèëè îïðåäåëèòü êîëè÷åñòâåííîå çíà-
÷åíèå èíòåíñèâíîñòè èçíîñà ðåæóùåãî èíñòðó-
ìåíòà äëÿ ðàçëè÷íûõ îáðàáàòûâàåìûõ ìàòåðèà-
ëîâ ïðè èñïîëüçîâàíèè ïîêðûòèé;

— ïðèìåíåíèå â óñëîâèÿõ ïîâûøåííîé òåï-
ëîñèëîâîé íàãðóçêè êîíòàêòíîé çîíû ïðè ëåç-
âèéíîé îáðàáîòêè õðîìîíèêåëåâûõ ñïëàâîâ èç-
íîñîóñòîé÷èâûìè êîìïëåêñàìè èíñòðóìåíòàëü-
íîãî íàçíà÷åíèÿ ïîçâîëÿåò ïîâûñèòü ïåðèîä
ñòîéêîñòè â äâà ðàçà.
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