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COMPARATIVE ANALYSIS OF METHODS FOR IMPROVING 
THE QUALITY OF HARDENED PIPE AND BAR STOCK 
FOR AGRICULTURAL MACHINERY PARTS

Ïðîáëåìà ïîëó÷åíèÿ êà÷åñòâåííîé ïîâåðõíîñòè îñòðî ñòîèò ïðè òåðìè÷åñêîé, õèìèêî-òåðìè÷åñêîé è òåðìî-
ìåõàíè÷åñêîé îáðàáîòêå èçäåëèé ïðîêàòíîãî ïðîèçâîäñòâà. Íî â ñâÿçè ñ òåì ÷òî ìíîãèå ìåòàëëóðãè÷åñêèå 
çàâîäû íåäîñòàòî÷íî îñíàùåíû ñðåäñòâàìè çà÷èñòêè ïðè óêàçàííûõ âèäàõ îáðàáîòêè, íå îáåñïå÷èâàåòñÿ íå-
îáõîäèìîå êà÷åñòâî ïîâåðõíîñòè ìåòàëëîïðîäóêöèè. Íà îïåðàöèÿõ, ñâÿçàííûõ ñ óäàëåíèåì äåôåêòîâ ïîâåðõ-
íîñòè ïðîêàòà, çàíÿòî îò 30 äî 60 % ðàáî÷èõ ïðîêàòíûõ öåõîâ. Íåîáõîäèìîñòü çà÷èñòêè ïðèâîäèò ê ðàçðûâó 
ïîòî÷íîñòè ïðîèçâîäñòâà, òàê êàê ìåòàëë äëÿ êîíòðîëÿ è çà÷èñòêè äåôåêòîâ äîëæåí áûòü ïðåäâàðèòåëüíî 
îõëàæäåí. Â ðåçóëüòàòå îáùèå çàòðàòû ïî çà÷èñòêå â 2–3 ðàçà ïðåâûøàþò çàòðàòû íà âûïîëíåíèå îñíîâíûõ 
òåõíîëîãè÷åñêèõ îïåðàöèé – íàãðåâà è äåôîðìàöèè ìåòàëëà. Â ñâÿçè ñ ýòèì îïðåäåëåííûé èíòåðåñ ïðåäñòàâ-
ëÿþò ñîâìåùåííûå è êîìáèíèðîâàííûå ìåòîäû ãîðÿ÷åé ïðîêàòêè ñ îäíîâðåìåííûì óïðî÷íåíèåì è óñòðàíåíè-
åì äåôåêòîâ ïîâåðõíîñòè, ÷òî äàåò çíà÷èòåëüíóþ ýêîíîìèþ ýíåðãîðåñóðñîâ è èñêëþ÷àåò îïåðàöèè òðàâëåíèÿ 
â ðàñòâîðàõ ñåðíîé è ñîëÿíîé êèñëîò.
Â ðàññìàòðèâàåìîé ðàáîòå ïðåäëàãàþòñÿ íîâûå ìåòîäû çà÷èñòêè ïðîêàòà ïåðåä äåôîðìèðîâàíèåì â ðåæèìå 
âûñîêîòåìïåðàòóðíîé òåðìîìåõàíè÷åñêîé îáðàáîòêè öèëèíäðè÷åñêèõ ãîðÿ÷åêàòàíûõ (ã/ê) ñïëîøíûõ è ïîëûõ 
çàãîòîâîê ñ äåôîðìàöèåé âèíòîâûì îáæàòèåì, ñîâìåùàþùèå, íàðÿäó ñ âûñîêîïðîèçâîäèòåëüíûì ìåòîäîì 
ôîðìîîáðàçîâàíèÿ è óïðî÷íåíèÿ ïðîêàòà, ýêîëîãè÷åñêè ÷èñòûå (áåçêèñëîòíûå) ìåòîäû î÷èñòêè ïîâåðõíîñòè, 
à òàêæå ñîâìåùåííûå ñ ìåõàíè÷åñêîé îáðàáîòêîé ìåòîäû óäàëåíèÿ äåôåêòîâ ïîâåðõíîñòíîãî ñëîÿ. Ïðè ýòîì 
îäíîâðåìåííî ñ î÷èñòêîé ïîâåðõíîñòè è ïîâûøåíèåì òî÷íîñòè ïðîêàòà ïðîèñõîäèò ôîðìèðîâàíèå ñòðóêòóðû 
ïîâåðõíîñòíîãî ñëîÿ ïî ìåõàíèçìó ôàçîâûõ ïðåâðàùåíèé ïðè òåðìîìåõàíè÷åñêîé îáðàáîòêå. Èçìåíÿåòñÿ âèä 
èçëîìà ïðè íèçêîòåìïåðàòóðíûõ ðàçðóøåíèÿõ îò õðóïêîãî ê âÿçêîìó.
Ñëåäóåò îòìåòèòü òàêæå íåîáõîäèìîñòü äàëüíåéøåãî ðàçâèòèÿ òàêèõ õîðîøî çàðåêîìåíäîâàâøèõ ñåáÿ ìåòî-
äîâ çà÷èñòêè, êàê ëåçâèéíàÿ è ãèäðîàáðàçèâíàÿ îáðàáîòêà, êîòîðûå ïîçâîëÿþò ïðè çà÷èñòêå ïðîêàòà èç ëþáûõ 
ìàðîê ñòàëè îò îêàëèíû ðåàëèçîâàòü ìàêñèìàëüíî íàäåæíóþ ñèñòåìó î÷èñòêè, îáåñïå÷èâàþò ýôôåêòèâíîå 
óäàëåíèå ïîâåðõíîñòíûõ è áîëåå ãëóáîêèõ äåôåêòîâ, ïîâûøàþò âûõîä ãîäíîãî ïðîêàòà, óìåíüøàþò ðàñõîä 
ýíåðãèè è õîðîøî âïèñûâàþòñÿ â ëèíèþ íåïðåðûâíîãî ïðîêàòíîãî ñòàíà. Íàðÿäó ñ ýòèì, ïî äàííûì ïîñëåä-
íèõ èññëåäîâàíèé, ãèäðîàáðàçèâíàÿ îáðàáîòêà ïîâûøàåò óñòàëîñòíóþ äîëãîâå÷íîñòü ïîëûõ öèëèíäðè÷åñêèõ 
äåòàëåé äî 15 %. 
Êëþ÷åâûå ñëîâà: ëåçâèéíàÿ çà÷èñòêà, àáðàçèâíàÿ îáðàáîòêà, âûñîêîòåìïåðàòóðíàÿ òåðìîìåõàíè÷åñêàÿ îá-
ðàáîòêà, íàãðåâ, äåôîðìàöèÿ, îõëàæäåíèå, ïðîèçâîäèòåëüíîñòü.
Äëÿ öèòèðîâàíèÿ: Äåìåíòüåâ Â.Á., Çàñûïêèí À.Ä. Ñðàâíèòåëüíûé àíàëèç ìåòîäîâ ïîâûøåíèÿ êà÷åñòâà 
óïðî÷íåííûõ òðóáíûõ è ïðóòêîâûõ çàãîòîâîê äëÿ äåòàëåé ñåëüõîçòåõíèêè // Òðàêòîðû è ñåëüõîçìàøèíû. 2021. 
№ 2. Ñ. 52–60. DOI: 10.31992/0321-4443-2021-2-52-60.

The problem of obtaining a high-quality surface is acute in thermal, chemical-thermal and thermomechanical process-
ing of products of rolling production. But, due to the fact that many metallurgical plants are insufficiently equipped 
with cleaning tools for these types of processing, the required surface quality of metal products is not ensured. Op-
erations related to the removal of defects in the surface of rolled products employ from 30 to 60 % of the workers in 
rolling shops. The need for cleaning leads to a rupture of the production flow, since the metal must be pre-cooled for 
inspection and cleaning of defects. As a result, the total cost of cleaning is 2–3 times higher than the cost of perform-
ing the main technological operations – heating and deformation of the metal. In this regard, the combined methods 
of hot rolling with simultaneous hardening and elimination of surface defects are of particular interest, which gives 
significant energy savings and excludes etching operations in solutions of sulfuric and hydrochloric acids.
The paper considers new methods for stripping rolled stock before deformation in the high-temperature thermome-
chanical treatment (HTMT) mode of cylindrical hot-rolled solid and hollow billets with screw compression (SC) 
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deformation, combining, along with a high-performance method of shaping and strengthening of rolled products, en-
vironmentally friendly (acid-free) methods of surface cleaning, as well as methods of removing surface layer defects 
combined with mechanical processing. At the same time, simultaneously with cleaning the surface and increasing the 
accuracy of rolled products, the structure of the surface layer is formed by the mechanism of phase transformations 
during thermomechanical processing.
The type of fracture changes at low-temperature destruction from brittle to ductile.
It should also be noted, that there is the need for further development of such well-proven cleaning methods as blade 
and waterjet processing, which allow, when cleaning rolled products from any steel grades from scale, to implement 
the most reliable cleaning system, ensure effective removal of surface and deeper defects, increase yield, reduce en-
ergy consumption and fit well into the continuous rolling mill line. According to recent studies, waterjet treatment 
increases the fatigue life of hollow cylindrical parts by up to 15 %.
Keywords: blade cleaning, abrasion, high temperature thermomechanical processing, heating, deformation, cooling, 
productivity.
Cite as: Dement'yev V.B., Zasypkin A.D. Comparative analysis of methods for improving the quality of hardened 
pipe and bar stock for agricultural machinery parts. Traktory i sel’khozmashiny. 2021. No 2, pp. 52–60 (in Russ.). 
DOI: 10.31992/0321-4443-2021-2-52-60.

 Ââåäåíèå
Åñëè óïðî÷íåíèå â ðåæèìå âûñîêîòåìïåðà-

òóðíîé òåðìîìåõàíè÷åñêîé îáðàáîòêè (ÂÒÌÎ) 
ïðóòêîâîé çàãîòîâêè è åå äàëüíåéøàÿ ìåõàíè-
÷åñêàÿ îáðàáîòêà äî ãîòîâîé äåòàëè íå èìååò 
ïðèíöèïèàëüíûõ ïðåïÿòñòâèé (ïðè÷åì îïðåäå-
ëåííàÿ íîìåíêëàòóðà äåòàëåé âîîáùå íå òðå-
áóåò îòäåëî÷íîé îáðàáîòêè ïîñëå óïðî÷íåíèÿ), 
òî ñóùåñòâóþùèå â íàñòîÿùåå âðåìÿ òåõíîëî-
ãè÷åñêèå ïðîöåññû èçãîòîâëåíèÿ ïîëûõ äåòà-
ëåé òèïà ïàëüöåâ, âàëîâ, îñåé è ïð. èç ã/ê çàãî-
òîâêè ñâÿçàíû ñ îïðåäåëåííûìè òðóäíîñòÿìè. 
Ê íèì ìîæíî îòíåñòè èñïîëüçîâàíèå òðóäîåì-
êèõ îïåðàöèé ãëóáîêîãî ñâåðëåíèÿ ïðîäîëü-
íûõ îòâåðñòèé â ñïëîøíûõ çàãîòîâêàõ ëèáî 
ðåøåíèå ïðîáëåìû ïîâûøåíèÿ êà÷åñòâà âíó-
òðåííåé ïîâåðõíîñòè ïîëó÷åííûõ â ìåòàëëóð-
ãè÷åñêîì öèêëå ïîëûõ çàãîòîâîê [1], îò ÷åãî 
â áîëüøîé ñòåïåíè çàâèñèò äîëãîâå÷íîñòü äå-
òàëåé, ïîäâåðãàåìûõ öèêëè÷åñêèì ýêñïëóàòà-
öèîííûì íàãðóçêàì. Ïðè ýòîì âòîðîå íàïðàâ-
ëåíèå ÿâëÿåòñÿ íàèáîëåå ïðèåìëåìûì ñ òî÷êè 
çðåíèÿ ýêîíîìèè ìàòåðèàëüíûõ ðåñóðñîâ è ïî-
âûøåíèÿ ïðîèçâîäèòåëüíîñòè òðóäà ïðè èçãî-
òîâëåíèè áîëüøèõ îáúåìîâ ïîëûõ çàãîòîâîê 
íà ñóùåñòâóþùåì è ñïåöèàëèçèðîâàííîì îáî-
ðóäîâàíèè [2].

Â ñîâðåìåííûõ óñëîâèÿõ êîììåð÷åñêèé 
óñïåõ ïðîìûøëåííûõ ïðåäïðèÿòèé îïðåäåëÿ-
åòñÿ êîíêóðåíòîñïîñîáíîñòüþ âûïóñêàåìûõ 
èçäåëèé, êîòîðàÿ â çíà÷èòåëüíîé ìåðå îïðå-
äåëÿåòñÿ èõ êà÷åñòâîì [3]. Àíàëèç ñèñòåìû 
îáåñïå÷åíèÿ è ïîâûøåíèÿ êà÷åñòâà èçäåëèé 
ìåòàëëóðãèè è ìàøèíîñòðîåíèÿ ïîêàçàë, 
÷òî ýòà ïðîáëåìà â çíà÷èòåëüíîé ìåðå ðåøà-
åòñÿ íà ñòàäèè ïðîåêòèðîâàíèÿ è òåõíîëîãè÷å-
ñêîé ïîäãîòîâêè ïðîèçâîäñòâà. Êîìïëåêñíûé 

ïîäõîä ê âîïðîñàì ïðîåêòèðîâàíèÿ òåõíîëî-
ãè÷åñêèõ ïðîöåññîâ ïîçâîëÿåò ðåøàòü âàæíóþ 
è ñëîæíóþ çàäà÷ó îïòèìèçàöèè êà÷åñòâà ïî-
âåðõíîñòè ñ ó÷åòîì óñëîâèé ðàáîòû äåòàëè.

Èçâåñòíî ïîëîæèòåëüíîå âëèÿíèå 
íà ìíîãèå ìåõàíè÷åñêèå õàðàêòåðèñòèêè 
ñòàëåé (ñòàòè÷åñêóþ è öèêëè÷åñêóþ ïðî÷-
íîñòü, âÿçêîñòü è ïëàñòè÷íîñòü, èçíîñîñòîé-
êîñòü è ò.ä.) [4, 5]. Ïðèìåíåíèå èíäóêöèîííî-
ãî íàãðåâà ñíèæàåò èíòåíñèâíîñòü ïðîöåññîâ 
îêàëèíîîáðàçîâàíèÿ è îáåçóãëåðîæèâàíèÿ ïî-
âåðõíîñòåé ïðîêàòà [6, 7]. Ê ñîæàëåíèþ, ïðè-
ìåíåíèå ýòîé âûñîêîýôôåêòèâíîé îáðàáîòêè 
äëÿ ïîâûøåíèÿ ýêñïëóàòàöèîííîé íàäåæíî-
ñòè äåòàëåé ìàøèí çàòðóäíåíî èç-çà íåêîòî-
ðûõ îñîáåííîñòåé ñâîéñòâ ñòàëè ïîñëå ÂÒÌÎ: 
àíèçîòðîïèè ñâîéñòâ, âûñîêîé òâåðäîñòè, çà-
òðóäíÿþùàÿ îáðàáîòêó äåòàëåé ðåçàíèåì [5]. 
Ñîçäàíèå òåõíîëîãèè ÂÒÌÎ (ðèñ. 1) âîçìîæ-
íî ïðè ó÷åòå ýòèõ îñîáåííîñòåé íà ñòàäèè ïðî-
åêòèðîâàíèÿ äåòàëåé è òåõíîëîãèè èõ èçãîòîâ-
ëåíèÿ.

Äëÿ ðÿäà ïðîöåññîâ óïðî÷íåíèÿ ñ ïðèìåíå-
íèåì ÂÒÌÎ â ðåçóëüòàòå ïðîâåäåííûõ èññëå-
äîâàíèé óñòàíîâëåíû çàâèñèìîñòè, ñâÿçûâàþ-
ùèå óñëîâèÿ îáðàáîòêè è êà÷åñòâî ïîâåðõíîñòè 
äåòàëè, ÷òî ïîçâîëÿåò íàçíà÷àòü ðåæèìû îáðà-
áîòêè, îáåñïå÷èâàþùèå ñ ó÷åòîì òåõíîëîãè-
÷åñêîé íàñëåäñòâåííîñòè çàäàííûå ïàðàìåòðû 
êà÷åñòâà – âûñîòó è ôîðìó íåðîâíîñòåé, òî÷-
íîñòü, óðîâåíü ìåõàíè÷åñêèõ ñâîéñòâ è ò.ï. 
Ýòî óïðîùàåò êîíòðîëü îòäåëüíûõ ïàðàìå-
òðîâ ïðîäóêöèè, óïðî÷íåííîé ñ ïðèìåíåíèåì 
ÂÒÌÎ, êîòîðûé ñâîäèòñÿ äî ìèíèìóìà è çàìå-
íÿåòñÿ êîíòðîëåì óñëîâèé îáðàáîòêè: ñòåïåíè 
äåôîðìàöèè, ïîäà÷è, æåñòêîñòè òåõíîëîãè÷å-
ñêîé ñèñòåìû, òåìïåðàòóðû äåôîðìàöèè.
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Îñîáûé èíòåðåñ ê óïðî÷íÿþùèì òåõíî-
ëîãèÿì íà îñíîâå ÂÒÌÎ âûçâàí òåì, ÷òî îíè 
ïîçâîëÿþò áåç çàìåíû ìàòåðèàëà ïîâûñèòü 
êà÷åñòâî èçäåëèé çà ñ÷åò óïðî÷íåíèÿ ðàáî÷èõ 
ïîâåðõíîñòåé, ïîâûøåíèÿ èõ òî÷íîñòè è ñíè-
æåíèÿ øåðîõîâàòîñòè. Ïîâûøåíèå ýôôåêòèâ-
íîñòè ïðîöåññîâ ôîðìîîáðàçîâàíèÿ, óïðî÷íå-
íèÿ è ïîâûøåíèÿ êà÷åñòâà èçäåëèé ïðè ÂÒÌÎ 
ñ äåôîðìàöèåé âèíòîâûì îáæàòèåì (ÂÎ) 
îáåñïå÷èâàåòñÿ ðàçðàáîòêîé è ïðèìåíåíèåì 
íîâûõ ñõåì äåôîðìèðîâàíèÿ äëÿ èçäåëèé, ðà-
áîòàþùèõ â ðàçëè÷íûõ óñëîâèÿõ ýêñïëóàòà-
öèè, à òàêæå ýâîëþöèåé ïðèíöèïîâ óïðàâëå-
íèÿ ðåæèìàìè îáðàáîòêè.

Â íàñòîÿùåå âðåìÿ íà ïðàêòèêå èñïîëüçó-
åòñÿ øèðîêèé àðñåíàë êîíñòðóêòîðñêî-òåõíî-
ëîãè÷åñêèõ ïðèåìîâ â îáëàñòè ìåòàëëóðãèè 
è ìàøèíîñòðîåíèÿ, êîòîðûå ïîâûøàþò ýô-
ôåêòèâíîñòü óïðàâëåíèÿ ïàðàìåòðàìè òåõíè-
÷åñêèõ ñèñòåì, â òîì ÷èñëå òåõíîëîãè÷åñêî-
ãî êëàññà. Âàæíî, â ýòîé ñâÿçè, âûðàáîòàòü 
îáùèå, óíèâåðñàëüíûå ïîäõîäû ê èíòåíñèôè-
êàöèè ïðîöåññà ÂÒÌÎ ÂÎ íà îñíîâå ïðîâå-
ðåííûõ òåîðèåé è ïðàêòèêîé ðåøåíèé. Âìåñòå 
ñ òåì, ïðèìåíåíèå ÂÒÌÎ â öèêëå èçãîòîâëå-
íèÿ ãàììû âûñîêîíàãðóæåííûõ öèëèíäðè÷å-
ñêèõ äåòàëåé çíà÷èòåëüíî ðàñøèðÿåò îáëàñòü 
ïðèìåíåíèÿ çàãîòîâîê èç ãîðÿ÷åêàòàíîãî êðó-
ãëîãî ñîðòîâîãî ïðîêàòà – îäíîãî èç ñàìûõ 
ðàñïðîñòðàíåííûõ âèäîâ ìåòàëëóðãè÷åñêîé 
ïðîäóêöèè [8].

Öåëü èññëåäîâàíèé
Îáîñíîâàíèå ðåêîìåíäàöèé ïî èñïîëüçîâà-

íèþ ÂÒÌÎ â öèêëå èçãîòîâëåíèÿ ãàììû âûñî-
êîíàãðóæåííûõ öèëèíäðè÷åñêèõ äåòàëåé.

Ìàòåðèàëû è ìåòîäû
Âûñîêèå òðåáîâàíèÿ, ïðåäúÿâëÿåìûå ïîòðå-

áèòåëÿìè ê êà÷åñòâó ãîòîâîãî ïðîêàòà, ñòàâÿò 
îïåðàöèè, íàïðàâëåííûå íà ïîâûøåíèå êà÷å-
ñòâà ïîâåðõíîñòè, â ÷èñëî îñíîâíûõ òåõíîëîãè-
÷åñêèõ îïåðàöèé. Íî â ñâÿçè ñ òåì, ÷òî ìíîãèå 
ìåòàëëóðãè÷åñêèå çàâîäû íåäîñòàòî÷íî îñ-
íàùåíû ñðåäñòâàìè çà÷èñòêè, íåîáõîäèìîå 
êà÷åñòâî ìåòàëëîïðîäóêöèè îáåñïå÷èâàåòñÿ 
â îáúåìàõ, íå óäîâëåòâîðÿþùèõ ïîòðåáíîñòè 
çàêàç÷èêîâ. Ïðîáëåìà çà÷èñòêè ïîâåðõíîñò-
íûõ äåôåêòîâ îñòðî ñòîèò ïðè òåðìè÷åñêîì, 
õèìèêî-òåðìè÷åñêîì è òåðìîìåõàíè÷åñêîì 
âèäàõ óïðî÷íåíèÿ ãîðÿ÷åêàòàíûõ çàãîòîâîê. 
Íà îïåðàöèÿõ, ñâÿçàííûõ ñ óäàëåíèåì äåôåê-
òîâ ïîâåðõíîñòè ïðîêàòà, çàíÿòî îò 30 äî 60 % 
ðàáî÷èõ ïðîêàòíûõ öåõîâ. Íåîáõîäèìîñòü çà-
÷èñòêè ïðèâîäèò ê ðàçðûâó ïîòî÷íîñòè ïðî-
èçâîäñòâà, òàê êàê ìåòàëë äëÿ êîíòðîëÿ è çà-
÷èñòêè äåôåêòîâ äîëæåí áûòü ïðåäâàðèòåëüíî 
îõëàæäåí. Â ðåçóëüòàòå îáùèå çàòðàòû ïî îðãà-
íèçàöèè çà÷èñòêè â 2−3 ðàçà ïðåâûøàþò çàòðà-
òû íà âûïîëíåíèå îñíîâíûõ òåõíîëîãè÷åñêèõ 
îïåðàöèé – íàãðåâà è äåôîðìàöèè ìåòàëëà. 
Â ñâÿçè ñ ýòèì îïðåäåëåííûé èíòåðåñ ïðåäñòàâ-
ëÿþò ñîâìåùåííûå è êîìáèíèðîâàííûå ìåòîäû 
ãîðÿ÷åé ïðîêàòêè ñ îäíîâðåìåííûì óäàëåíèåì 
äåôåêòîâ ïîâåðõíîñòè, ÷òî äàåò çíà÷èòåëüíóþ 
ýêîíîìèþ ýíåðãîðåñóðñîâ.

Â ðàññìàòðèâàåìîé ðàáîòå ïðåäëàãàþòñÿ 
íîâûå ñõåìû çà÷èñòêè ïîä âûñîêîòåìïåðàòóð-
íóþ òåðìîìåõàíè÷åñêóþ îáðàáîòêó öèëèí-
äðè÷åñêèõ ãîðÿ÷åêàòàíûõ ñïëîøíûõ è ïîëûõ 
çàãîòîâîê ñ äåôîðìàöèåé âèíòîâûì îáæàòè-
åì, ñîâìåùàþùèå âûñîêîïðîèçâîäèòåëüíûé 
ìåòîä ôîðìîîáðàçîâàíèÿ è óïðî÷íåíèÿ ïðîêà-
òà ñ î÷èñòêîé ïîâåðõíîñòè îò îêàëèíû ýêîëî-
ãè÷åñêè ÷èñòûìè (áåçêèñëîòíûìè) ìåòîäàìè, 
à òàêæå ñ óäàëåíèåì äåôåêòîâ ïîâåðõíîñòíîãî 
ñëîÿ ìåõàíè÷åñêîé îáðàáîòêîé.

Â ïðîêàòíîì ïðîèçâîäñòâå ïðèìåíÿþò îã-
íåâûå, àáðàçèâíûå, ëåçâèéíûå è ýëåêòðîôè-
çè÷åñêèå ñïîñîáû óäàëåíèÿ ïîâåðõíîñòíûõ 
äåôåêòîâ íà ìåòàëëå â ãîðÿ÷åì è õîëîäíîì 
ñîñòîÿíèè. Ïðè ýòîì ýêîíîìè÷åñêè öåëåñîî-
áðàçíîé, òåõíè÷åñêè îáîñíîâàííîé è èìåþùåé 
ìàêñèìàëüíóþ ïðîèçâîäèòåëüíîñòü ÿâëÿåòñÿ 
çà÷èñòêà ìåòàëëà â ãîðÿ÷åì ñîñòîÿíèè [9].

Ðèñ. 1. Êàëèáðîâêà òðóá íà êîðîòêîé îïðàâêå: 
1 – èíäóêòîð; 2 – çàãîòîâêà; 3 – êîðîòêàÿ îïðàâêà; 

4 – äåôîðìèðóþùèå ðîëèêè; 5 – âíóòðåííèé 
ñïðåéåð; 6 – íàðóæíûé ñïðåéåð ; Ñ’ – âûëåò 

îïðàâêè çà ïëîñêîñòü ðîëèêîâ

Fig. 1. Sizing pipes on a short mandrel: 
1 – inductor; 2 – billet; 3 – short mandrel; 
4 – deforming rollers; 5 – internal sprayer; 

6 – external sprayer; Ñ’ – extension of the mandrel 
beyond the plane of the rollers
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Â ïîñëåäíèå ãîäû àêòèâíî ñîâåðøåíñòâóþò-
ñÿ èìåþùèåñÿ ñïîñîáû çà÷èñòêè è ñîçäàþòñÿ 
ïðèíöèïèàëüíî íîâûå âûñîêîïðîèçâîäèòåëü-
íûå ñïîñîáû, íàïðàâëåííûå íà ïîëíóþ àâòîìà-
òèçàöèþ ïðîöåññîâ óäàëåíèÿ ïîâåðõíîñòíûõ 
äåôåêòîâ ïðîêàòà, ñîâìåùåíèå îïåðàöèè íà-
ãðåâà [10], çà÷èñòêè, äåôîðìàöèè è îõëàæäåíèÿ 
ïðîêàòà íà îäíîé óñòàíîâêå, à òàêæå çàìåíó 
îïåðàöèé òðàâëåíèÿ ïðîêàòà ýêîëîãè÷åñêè ÷è-
ñòûìè (ìåõàíè÷åñêèìè) ìåòîäàìè îáðàáîòêè.

Ââèäó òîãî, ÷òî ðàñõîäû íà çà÷èñòêó ñîñòàâ-
ëÿþò 40–50 % ñòîèìîñòè ïðîêàòíîãî ïåðåäåëà 
[9], âåñüìà àêòóàëüíûì ÿâëÿåòñÿ âûáîð ñïîñî-
áà çà÷èñòêè, êîíñòðóêöèè îáîðóäîâàíèÿ è èí-
ñòðóìåíòà, à òàêæå ìåñòî îïåðàöèè â òåõíîëî-
ãè÷åñêîì öèêëå.

Ïðè âûáîðå ñïîñîáà çà÷èñòêè (ðèñ. 2) íå-
îáõîäèìî ó÷èòûâàòü ñëåäóþùèå ôàêòîðû: 
ïðîèçâîäèòåëüíîñòü è ñåáåñòîèìîñòü ïðîöåñ-
ñà; âîçìîæíîñòü îðãàíèçàöèè íåïðåðûâíî-ïî-
ñëåäîâàòåëüíîãî òåõíîëîãè÷åñêîãî öèêëà; ñî-
âìåùåííîñòü ïðîöåññà ïðîêàòêè ñ óäàëåíèåì 
äåôåêòíîãî ñëîÿ; âîçìîæíîñòü îáðàáîòêè øè-
ðîêîãî ñîðòàìåíòà ñòàëåé è ñïëàâîâ; ñòåïåíü 
óòèëèçàöèè îòõîäîâ; çàãðÿçíåííîñòü îêðóæà-
þùåé ñðåäû; àâòîìàòèçàöèþ è ìåõàíèçàöèþ 
ïðîöåññà [9].

Îãíåâûì ñïîñîáîì â ãîðÿ÷åì ñîñòîÿíèè 
ìîæíî çà÷èùàòü óãëåðîäèñòûå è íèçêîëåãèðî-
âàííûå, à òàêæå ñëîæíîëåãèðîâàííûå ñòàëè. 
Ïðè ýòîì çà÷èñòêó çàãîòîâîê èç ñëîæíîëåãè-
ðîâàííûõ ñòàëåé îñóùåñòâëÿþò ñ äîáàâêîé 
â çîíó îãíåâîé çà÷èñòêè ýêçîòåðìè÷åñêîãî 

ðåàãåíòà – ôëþñà (êèñëîðîäíî-ôëþñîâàÿ çà-
÷èñòêà). Ñóùåñòâåííûì ïðåèìóùåñòâîì ýòîãî 
ñïîñîáà ÿâëÿåòñÿ âîçìîæíîñòü ãðàíóëèðîâà-
íèÿ âîäîé âûñîêîãî äàâëåíèÿ ìåòàëëîîòõîäîâ, 
îáðàçóþùèõñÿ â ïðîöåññå çà÷èñòêè, êîòîðûå 
ñîäåðæàò äî 90 % æåëåçà è ïî õèìè÷åñêîìó 
ñîñòàâó è ïî ãðàíóëîìåòðè÷åñêîìó ñîñòàâó, 
áëèçêè ê æåëåçíûì ïîðîøêàì ìàðîê ÏÆ-3 – 
ÏÆ-5 ïî ÃÎÑÒ 9849-74 [9].

Ðåçóëüòàòû è îáñóæäåíèå
Ñïîñîá àáðàçèâíîé çà÷èñòêè èñïîëüçóþò 

äëÿ ñïëîøíîãî è âûáîðî÷íîãî óäàëåíèÿ ïî-
âåðõíîñòíûõ äåôåêòîâ çàãîòîâîê â õîëîäíîì 
ñîñòîÿíèè. Äëÿ ýòîãî ñïîñîáà õàðàêòåðíà çíà-
÷èòåëüíàÿ ñòîèìîñòü èíñòðóìåíòà, íåâûñîêàÿ 
ïðîèçâîäèòåëüíîñòü ïðè áîëüøîé ñåáåñòîè-
ìîñòè çà÷èñòêè è çàíèìàåìîé îáîðóäîâàíèåì 
ïëîùàäè, òðóäíîñòü àâòîìàòèçàöèè ïðîöåññà. 
Ïî ýòèì ïðè÷èíàì àáðàçèâíàÿ çà÷èñòêà íàøëà 
äîñòàòî÷íî øèðîêîå ðàñïðîñòðàíåíèå ëèøü 
íà çàâîäàõ ïî ïðîèçâîäñòâó êà÷åñòâåííûõ 
ñòàëåé íà àãðåãàòàõ, óñòàíîâëåííûõ âíå òåõíî-
ëîãè÷åñêîãî ïîòîêà [11].

Ëåçâèéíàÿ îáðàáîòêà (òîêàðíàÿ, ôðåçåðîâà-
íèå, èãëîôðåçåðîâàíèå) îñîáîå çíà÷åíèå èìååò 
ïðè ïðîèçâîäñòâå ìåòàëëîïðîêàòà èç ñïåöè-
àëüíûõ ñòàëåé è ñïëàâîâ, òàê êàê ïîçâîëÿåò ñî-
õðàíÿòü ïîëíîöåííûå îòõîäû â âèäå ìåòàëëè-
÷åñêîé ñòðóæêè äëÿ ïîñëåäóþùåãî ïåðåïëàâà.

Àíàëèç ñòðóêòóðû çàòðàò ïðè àáðàçèâ-
íîì è ëåçâèéíîì ñïîñîáàõ çà÷èñòêè ïîêàçàë, 
÷òî èìåþòñÿ ñóùåñòâåííûå ðàçëè÷èÿ, îáóñëîâ-

Ðèñ. 2. Êëàññèôèêàöèÿ ìåòîäîâ çà÷èñòêè ìåòàëëè÷åñêèõ ïîâåðõíîñòåé

Fig. 2. Classification of methods for cleaning metal surfaces
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ëåííûå èõ òåõíîëîãè÷åñêèìè îñîáåííîñòÿìè. 
Ëåçâèéíûé ñïîñîá áîëåå âûãîäåí ïðè çà÷èñò-
êå ïîëóïðîäóêòà èç ëåãêîîáðàáàòûâàåìûõ 
ðåçöîì ñòàëåé. Òðóäíîîáðàáàòûâàåìûå ñòàëè 
öåëåñî îáðàçíî çà÷èùàòü àáðàçèâíûì ñïîñî-
áîì. Àáðàçèâíîé ñïîñîá çà÷èñòêè ÿâëÿåòñÿ 
áîëåå ïðîèçâîäèòåëüíûì, ïðè÷åì ïðàâèëüíûé 
âûáîð ïàðàìåòðîâ èíñòðóìåíòà ïîçâîëÿåò îá-
ðàáàòûâàòü ñòàëè âñåõ ìàðîê áåç ñíèæåíèÿ 
ïðîèçâîäèòåëüíîñòè ïî ñúåìó ìåòàëëà. Ïîýòî-
ìó çàòðàòû íà çàðàáîòíóþ ïëàòó, ýëåêòðîýíåð-
ãèþ è àìîðòèçàöèîííûå îò÷èñëåíèÿ îñòàþòñÿ 
íåèçìåííûìè ïðè çà÷èñòêå ñòàëåé âñåõ ãðóïï 
îáðàáàòûâàåìîñòè è ñîñòàâëÿþò íåçíà÷èòåëü-
íóþ äîëþ îò îáùåãî óðîâíÿ çàòðàò. Îñíîâíàÿ 
ðàñõîäíàÿ ñòàòüÿ (70–90 %) – ýòî àáðàçèâíûé 
èíñòðóìåíò.

Ïðè ëåçâèéíîé çà÷èñòêå îñíîâíàÿ äîëÿ 
çàòðàò ïðèõîäèòñÿ íà çàðàáîòíóþ ïëàòó, àìîð-
òèçàöèîííûå îò÷èñëåíèÿ è ýëåêòðîýíåðãèþ, 
êîòîðûå ðåçêî âîçðàñòàþò ïî ìåðå ïåðåõî-
äà ê çà÷èñòêå òðóäíîîáðàáàòûâàåìûõ ñòàëåé 
ïðè îäíîâðåìåííîì ñíèæåíèè ïðîèçâîäèòåëü-
íîñòè ïðîöåññà (ðèñ. 3).

Âìåñòå ñ òåì, ïðèâåäåííûé àíàëèç äàåò 
ëèøü îáùåå ïðåäñòàâëåíèå î òåõíîëîãè÷åñêèõ 
îñîáåííîñòÿõ ýòèõ äâóõ ñïîñîáîâ çà÷èñòêè 
è íå ïîçâîëÿåò îöåíèòü ýêîíîìè÷åñêóþ ýôôåê-
òèâíîñòü èõ ïðèìåíåíèÿ, òàê êàê íå ó÷èòûâàåò 
ïîòåðü ìåòàëëà â îòõîäû è âîçìîæíîñòü óòè-
ëèçàöèè ïîñëåäíèõ. Îäíàêî ýòî âåñüìà ñóùå-

ñòâåííûé ôàêòîð, ïîñêîëüêó ñïëîøíîé îáòî÷-
êå èëè øëèôîâàíèþ ïîäâåðãàþòñÿ çàãîòîâêè 
èç ñòàëè äîðîãîñòîÿùèõ ìàðîê.

Îòõîäû îò ëåçâèéíîé îáðàáîòêè óòèëèçè-
ðóþòñÿ íà 98 %. Ïðè ýòîì â ïðîöåññå èõ ïåðå-
ïëàâà èç îòõîäîâ èçâëåêàþòñÿ ïðàêòè÷åñêè âñå 
ëåãèðóþùèå äîáàâêè, ò.å. âåëè÷èíà áåçâîçâðàò-
íûõ ïîòåðü ñâîäèòñÿ ê ìèíèìóìó. Îòõîäû æå 
àáðàçèâíîé çà÷èñòêè ðåàëèçóþòñÿ ÷åðåç âòîð-
÷åðìåò è ïðè äàëüíåéøåé ïåðåðàáîòêå èçâëå-
êàþòñÿ òîëüêî íèêåëü è êîáàëüò, à îñòàëüíûå 
äîðîãîñòîÿùèå ýëåìåíòû áåçâîçâðàòíî òåðÿ-
þòñÿ, ÷òî çíà÷èòåëüíî ñíèæàåò ýêîíîìè÷å-
ñêóþ ýôôåêòèâíîñòü.

Â ðåçóëüòàòå îáû÷íî îáùèé óðîâåíü çàòðàò 
íà àáðàçèâíóþ îáðàáîòêó ñ ó÷åòîì áåçâîç-
âðàòíûõ ïîòåðü ìåòàëëà è ðåàëèçàöèè îòõî-
äîâ âî âñåõ ñëó÷àÿõ âûøå, ÷åì íà ëåçâèéíóþ, 
îñîáåííî ïðè çà÷èñòêå âûñîêîëåãèðîâàííûõ 
ñòàëåé [11].

Íî â ðÿäå ñëó÷àåâ, êàê îòìå÷åíî â [12, 
13], ïðîöåññ àáðàçèâíîé çà÷èñòêè ìîæåò 
áûòü îñóùåñòâëåí ïðè çàòðàòàõ, ïðèáëè-
æàþùèõñÿ ê óðîâíþ çàòðàò ïðè ëåçâèéíîé 
çà÷èñòêå èëè äàæå ìåíüøèõ. Ýòîìó ñïî-
ñîáñòâóåò ñîçäàííûå â ïîñëåäíåå âðåìÿ ðàç-
íîâèäíîñòè âûñîêîñòîéêîãî àáðàçèâíîãî èí-
ñòðóìåíòà è ðàçðàáîòàííûå ñõåìû óòèëèçàöèè 
îòõîäîâ øëèôîâàíèÿ.

Ñðàâíåíèå ýôôåêòèâíîñòè ðàçëè÷íûõ ñïî-
ñîáîâ çà÷èñòêè ìåòàëëà, ïðèìåíÿåìûõ íà îò-

Ðèñ. 3. Âåëè÷èíà çàòðàò íà óäàëåíèå 1 ò äåôåêòíîãî ñëîÿ áåç ó÷åòà ïîòåðü ìåòàëëà â îòõîäû îáðàáîòêè:
Ë – ëåçâèéíàÿ îáðàáîòêà; À – àáðàçèâíàÿ îáðàáîòêà

Fig. 3. The value of the cost of removing 1 ton of a defective layer 
without taking into account metal losses in processing waste: 

L – blade processing; A – abrasive processing
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å÷åñòâåííûõ ìåòàëëóðãè÷åñêèõ çàâîäàõ, ïî-
íàèáîëåå âàæíûì òåõíèêî-ýêîíîìè÷åñêèì 
ïîêàçàòåëÿì (ÒÝÏ), ïðèâåäåíî íà ðèñ. 4. Ýòè ðå-
çóëüòàòû ÿâëÿþòñÿ óñðåäíåííûìè ïî íåñêîëü-
êèì çàâîäàì è ñîñòàâëåíû äëÿ óñëîâèé çà÷èñòêè 
ñîïîñòàâèìîãî ñîðòàìåíòà ìåòàëëîïðîêàòà [9].

Îñîáåííîñòè ïðèìåíåíèÿ ëåçâèéíîé 
è àáðàçèâíîé îáðàáîòêè
Â òåõíîëîãè÷åñêîì ïðîöåññå èçãîòîâëåíèÿ 

óïðî÷íåííûõ òðóáíûõ è ñïëîøíûõ çàãîòîâîê 
èç ãîðÿ÷åêàòàíîãî ïðîêàòà äëÿ ïîëó÷åíèÿ áåç-
äåôåêòíîé ïîâåðõíîñòè áîëüøóþ ðîëü èãðàåò 
âûáîð ìåñòà îïåðàöèè ëåçâèéíîé çà÷èñòêè 
â îáùåì òåõíîëîãè÷åñêîì öèêëå èçãîòîâëåíèÿ 
óïðî÷íåííûõ ìåòîäîì ÂÒÌÎ çàãîòîâîê. Èñ-
ïîëüçîâàíèå â êà÷åñòâå óïðî÷íÿþùåé îáðàáîò-
êè êàëèáðîâêó â ðåæèìå ÂÒÌÎ ñ äåôîðìàöè-
åé BO íåñêîëüêî óñëîæíÿåò ýòó ïðîáëåìó, ò.ê. 
ëåçâèéíàÿ îáðàáîòêà çàãîòîâêè ïîñëå óïðî÷-
íåíèÿ ïðåäñòàâëÿåò îïðåäåëåííûå òðóäíî-
ñòè èç-çà âûñîêîé òâåðäîñòè çàãîòîâîê (HRC

ý
 

50...60). Ïîýòîìó ïðåäñòàâëÿåòñÿ öåëåñîîáðàç-
íûì ïðîâîäèòü çà÷èñòêó ëåçâèéíûì èíñòðó-
ìåíòîì äî óïðî÷íåíèÿ.

Íà ðèñ. 5 ïðåäñòàâëåíû âîçìîæíûå òåõíî-
ëîãè÷åñêèå âàðèàíòû ïðèìåíåíèÿ ëåçâèéíîé 
çà÷èñòêè.

Ðèñ. 4. Ñðàâíèòåëüíûå ÒÝÏ ïðèìåíÿåìûõ ñðåäñòâ çà÷èñòêè: 
1 – îãíåâàÿ çà÷èñòêà (03) â ïîòîêå îáæèìíûõ ñòàíîâ; 2 – 03 â ïîòîêå ñîðòîâûõ ñòàíîâ; 3 – 03 íåðæàâåþùèõ 

ñòàëåé; 4 – àáðàçèâíûå ñòàíêè; 5 – òåðìîôðåçåðíûå ñòàíêè; 6 – ôðåçåðíûå ñòàíêè; 7 – âîçäóøíî-äóãîâàÿ 
çà÷èñòêà; 8 – ýëåêòðî-êîíòàêòíàÿ çà÷èñòêà;  − ñåáåñòîèìîñòü çà÷èñòêè, òûñ. ðóá./ò;  

 − ïðîèçâîäèòåëüíîñòü ñïîñîáà ïî ñúåìó ìåòàëëà, ò/ãîä;  − ãîäîâàÿ ïðîèçâîäèòåëüíîñòü, òûñ. ò/ãîä

Fig. 4. Comparative technical and economic indicators of the used stripping means: 
1 – fire stripping (FS) in the stream of blooming mills; 2 – FS in the stream of crimping mills; 

3 – FS of stainless steels; 4 – abrasive machines; 5 – thermal milling machines; 6 – milling machines; 
7 – air arc stripping; 8 – electro-contact stripping;  − cost of stripping, thousand rubles/tonne; 
 − performance of the method of the metal removal, tonne/year;  − annual productivity, tonne/year

Ðèñ. 5. Âîçìîæíûå òåõíîëîãè÷åñêèå âàðèàíòû 
ïðèìåíåíèÿ ëåçâèéíîé çà÷èñòêè: 

à – õîðîøèé âàðèàíò; á – âîçìîæíûé âàðèàíò; 
â–ä – âàðèàíòû, îïðàâäàííûå ëèøü 

â èñêëþ÷èòåëüíûõ ñëó÷àÿõ; ÍÏ – íàðóæíàÿ 
ïîâåðõíîñòü; ÂÏ – âíóòðåííÿÿ ïîâåðõíîñòü

Fig. 5. Possible technological applications 
of blade stripping: 

à – good option; b – possible option; c–d – options 
justified only in exceptional cases; OS – outside 

surface; IS – inner surface
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Îáðàáîòêà íàðóæíîé ïîâåðõíîñòè íå ïðåä-
ñòàâëÿåòñÿ ñëîæíîé, òàê êàê èìååòñÿ äîñòàòî÷-
íàÿ ãàììà ñïåöèàëèçèðîâàííîãî îáîðóäîâàíèÿ 
è èíñòðóìåíòà. Îäíàêî óäàëåíèå äåôåêòíîãî 
ñëîÿ ñ âíóòðåííåé ïîâåðõíîñòè ñâÿçàíî ñ îïðå-
äåëåííûìè òðóäíîñòÿìè. Ýòî, ÷àùå âñåãî, 
çíà÷èòåëüíàÿ ïðîòÿæåííîñòü è íåáîëüøîé äè-
àìåòð îáðàáîòêè (L ≥ 5d; d = 10...30 ìì), íåðàâ-
íîìåðíîå ðàñïðåäåëåíèå ïðèïóñêà íà îáðàáîò-
êó äèàìåòðà ïî äëèíå îòâåðñòèÿ, ðàçëè÷íûå 
íåìåòàëëè÷åñêèå âêëþ÷åíèÿ, äåôåêòû ïîâåðõ-
íîñòè è ò.ä.

Äëÿ ïîâûøåíèÿ ïðîèçâîäèòåëüíîñòè ìåõà-
íè÷åñêîé îáðàáîòêè ãëóáîêèõ îòâåðñòèé ãîðÿ-
÷åêàòàíûõ çàãîòîâîê (èìåþùèõ êðèâèçíó îñè, 
âîëíèñòîñòü ïîâåðõíîñòè, íåêðóãëîñòü) ðàçðà-
áîòàí èíñòðóìåíò ñ âèíòîâîé ðåæóùåé ÷àñòüþ 
(ÂÐ×), ñâîáîäíî ïîñàæåííîé íà ãëàäêóþ öè-
ëèíäðè÷åñêóþ îïðàâêó [7].

Íà ðèñ. 6 ïîêàçàíà ñõåìà ïðîöåññà çà÷èñòêè 
âíóòðåííåé ïîâåðõíîñòè òðóáû èíñòðóìåíòîì 
ñ ÂÐ×. Óñòðîéñòâî è ïðèíöèï ðàáîòû èíñòðó-
ìåíòà ñ ðàäèàëüíîé ïîäà÷åé ðåæóùåé êðîìêè 
ïîäðîáíî îïèñàíû â [7]. Ãåîìåòðè÷åñêèå ïàðà-
ìåòðû ÂÐ× ïîêàçàíû íà ðèñ. 7.

Ðèñ. 6. Èíñòðóìåíò ñ âèíòîâîé ðåæóùåé ÷àñòüþ (ÂÐ×): 
I – îïðàâêà; 2 – ÂÐ×; 3 – âòóëêà; 4 – çàäíÿÿ áàáêà; 

5 – ïàòðîí òîêàðíîãî ñòàíêà

Fig. 6. Screw-cutting tool (SCT): 
I – mandrel; 2 – SCT; 3 – bushing; 

4 – tailstock; 5 – lathe chuck

Ðèñ. 7. Ãåîìåòðè÷åñêèå ïàðàìåòðû ÂÐ×

Fig. 7. Geometric parameters of SCT

Ñèëà ðåçàíèÿ ïðè îáðàáîòêå ÂÐ× (ÎÂÐ×) 
áóäåò çàâèñåòü îò ãëóáèíû âðåçàíèÿ è äëèíû 
ÂÐ×, îïðåäåëÿåìîé èç âûðàæåíèÿ: L = ·D·n, 
ãäå n – ÷èñëî âèòêîâ ÂÐ×.

Óñïåøíîìó ðåøåíèþ çàäà÷è óäàëåíèÿ íå-
ðàâíîìåðíîãî ïðèïóñêà ñ ïîâåðõíîñòè îò-
âåðñòèÿ ïðîøèòîé çàãîòîâêè ìîæåò ñïîñîá-
ñòâîâàòü ïðèìåíåíèå îáðàáîòêè âèíòîâûìè 
ðàçâåðòêàìè (ÎÂÐ). Îòëè÷èòåëüíîé ÷åðòîé 
ýòîãî èíñòðóìåíòà ÿâëÿåòñÿ âûïîëíåíèå 
åãî â âèäå îäíîçàõîäíîé ñïèðàëè ñ ëåâûì çà-
õîäîì âèòêîâ ïîä óãëîì  = 50–80 (ðèñ. 8). 
Ïðè âûáîðå èíòåðâàëà çíà÷åíèé óãëà ïîäúåìà 
âèòêîâ íåîáõîäèìî ó÷èòûâàòü äèàìåòð ðàáî-
÷åé ÷àñòè èíñòðóìåíòà è îñåâîé øàã ñïèðàëè 
çóáà. Ðåæèìû îáðàáîòêè âèíòîâûìè ðàçâåðòêà-
ìè è ãåîìåòðè÷åñêèå ïàðàìåòðû èíñòðóìåíòà 
ïîäðîáíî îïèñàíû â ðàáîòå [14]. Ñèëà ðåçàíèÿ 
ïðè ÎÂÐ îïðåäåëÿåòñÿ òàêæå, êàê è ïðè ÎÂÐ×.

Ðèñ. 8. Âèíòîâàÿ ðàçâåðòêà: 
1 – õâîñòîâèê; 2 – ðåæóùàÿ ÷àñòü

Fig. 8. Helical reamer: 
1 – shank; 2 - cutting part

Ê îäíîìó èç áîëåå ýôôåêòèâíûõ ìåòîäîâ 
îáðàáîòêè âíóòðåííåé ïîâåðõíîñòè óïðî÷-
íåííûõ òðóá ìîæíî îòíåñòè ãèäðîàáðàçèâíóþ 
îáðàáîòêó (ÃÎ). Ýôôåêòèâíîñòü ÃÎ äåòàëåé 
(ðèñ. 9), ðàáîòàþùèõ â óñëîâèÿõ óñòàëîñò-
íîãî íàãðóæåíèÿ, ïîêàçàíà â ðàáîòàõ Íåñòå-
ðåíêî È.Ì. Â ïðèìåíåíèè ê ïîëûì äåòàëÿì 
öåëåñîîáðàçíî èñïîëüçîâàòü äàííûé âèä îáðà-
áîòêè ïðè çà÷èñòêå îòâåðñòèÿ ïîñëå ÂÒÌÎ ÂÎ 
(ðèñ. 1), êîãäà òâåðäîñòü ïîâåðõíîñòè èçäåëèé 
ñîñòàâëÿåò HRÑ

ý
 52...53 è áîëåå. Ïîäâåðãíó-

òûå àáðàçèâíîé îáðàáîòêå äåòàëè ïîêàçàëè 
ïðè ñòåíäîâûõ èñïûòàíèÿõ ïðèðîñò äîëãîâå÷-
íîñòè äî 15 %. Íà ðèñ. 9 ïðåäñòàâëåíà ñõåìà 
óñòðîéñòâà äëÿ âûñîêîïðîèçâîäèòåëüíîé ÃÎ 
âíóòðåííåé ïîâåðõíîñòè òðóá [4].
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Âûâîäû
Òàêèì îáðàçîì, ñîâìåùåíèå ïåðñïåêòèâíûõ 

ìåòîäîâ óäàëåíèÿ äåôåêòîâ ñ ïîâåðõíîñòè ïðî-
êàòà (ìåõàíè÷åñêàÿ îáðàáîòêà) è ìåòîäîâ ñíè-
æåíèÿ îêàëèíîîáðàçîâàíèÿ è äðóãèõ äåôåêòîâ 
ïîâåðõíîñòè ïðîêàòíîãî ïåðåäåëà (ïðèìåíåíèå 
èíäóêöèîííîãî íàãðåâà) â ñîâîêóïíîñòè ñ ïðî-
ãðåññèâíîé ÂÒÌÎ ñ äåôîðìàöèåé âèíòîâûì 
îáæàòèåì ÿâëÿåòñÿ îäíèì èç íàïðàâëåíèé ñîç-
äàíèÿ ðåñóðñîñáåðåãàþùèõ òåõíîëîãèé èçãî-
òîâëåíèÿ äåòàëåé ñ ïîâûøåííûìè ýêñïëóàòàöè-
îííûìè õàðàêòåðèñòèêàìè. Ñëåäóåò îòìåòèòü 
òàêæå íåîáõîäèìîñòü ðàçâèòèÿ òàêèõ ïåðñïåê-
òèâíûõ ìåòîäîâ çà÷èñòêè, êàê ãèäðîàáðàçèâíàÿ 
îáðàáîòêà, êîòîðàÿ ïîçâîëÿåò ïðè çà÷èñòêå ïðî-
êàòà èç ëþáûõ ìàðîê ñòàëè îò îêàëèíû ðåàëèçî-
âàòü ïîëíîñòüþ áåçîòõîäíóþ ñèñòåìó î÷èñòêè, 
îáåñïå÷èâàåò ýôôåêòèâíîå óäàëåíèå ïîâåðõ-
íîñòíûõ è áîëåå ãëóáîêèõ äåôåêòîâ, ïîâûøàåò 

âûõîä ãîäíîãî ïðîêàòà, óìåíüøàåò ðàñõîä ýíåð-
ãèè è õîðîøî âïèñûâàåòñÿ â ëèíèþ íåïðåðûâíî-
ãî ïðîêàòíîãî ñòàíà. Íàðÿäó ñ ýòèì, ïî äàííûì 
ïîñëåäíèõ èññëåäîâàíèé, ãèäðîàáðàçèâíàÿ îá-
ðàáîòêà ïîâûøàåò óñòàëîñòíóþ äîëãîâå÷íîñòü 
ïîëûõ öèëèíäðè÷åñêèõ äåòàëåé äî 15 %.
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Ðèñ. 9. Ñõåìà óñòðîéñòâà äëÿ ãèäðîàáðàçèâíîé îáðàáîòêè âíóòðåííåé ïîâåðõíîñòè òðóá: 
1 – ðàáî÷àÿ êàìåðà; 2 – ïîääåðæèâàþùàÿ ðåøåòêà; 3 – àáðàçèâíûé ïîðîøîê; 4 – âåðõíÿÿ êàìåðà; 5 – äåòàëü: 

6, 7 – ãíåçäî; 8 – ïðóæèíà; 9 – êëàïàí; 10 – çàñëîíêà; 11 – ðàáî÷èé öèëèíäð; 12 – ðåøåòêà çàùèòíàÿ; 
13 – òðóáîïðîâîä; 14 – îáðàòíûé êëàïàí; 15 – îòâåðñòèå äëÿ òðóáîïðîâîäà; 16 – îòâåðñòèå äëÿ âîçäóõà; 

17 – ïîðøåíü; 18 – øàòóí; 19 – ìàõîâèê; 20 – ìóôòà; 21 – ðåäóêòîð; 22 – ãèáêàÿ ïåðåäà÷à; 23 – äâèãàòåëü 

Fig. 9. Diagram of a device for waterjet processing of the inner surface of pipes: 
1 – working chamber; 2 – support grid; 3 – abrasive powder; 4 – upper chamber; 5 – part; 6, 7 – socket; 
8 – spring; 9 – valve; 10 – housing; 11 – working cylinder; 12 – protective grill; 13 – pipeline; 14 – check 
valve; 15 – hole for the pipeline; 16 – air hole; 17- piston; 18 – connecting rod; 19 – flywheel; 20 – clutch; 

21 – reducer; 22 – flexible gear; 23 – engine 
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