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Ïî ïðèíöèïó ýêâèâàëåíòíîñòè íàãðóæåíèÿ àäãåçèîííîé ñâÿçè ñ ïîìîùüþ ãðàôè÷åñêîãî

äèôôåðåíöèðîâàíèÿ ýêñïåðèìåíòàëüíîé çàâèñèìîñòè àäãåçèîííîé ïðî÷íîñòè îò òîëùèíû

ïîêðûòèÿ îöåíåíû îñòàòî÷íûå íàïðÿæåíèÿ â ïîêðûòèè. Óñòàíîâëåíà ôóíêöèîíàëüíàÿ ñâÿçü

ìåæäó àäãåçèîííîé ïðî÷íîñòüþ, òîëùèíîé ïîêðûòèÿ, êðèòè÷åñêîé äåôîðìàöèåé îñíîâû è

îñòàòî÷íûìè íàïðÿæåíèÿìè, ÷òî ïîçâîëÿåò âûáèðàòü ïàðàìåòðû ñèñòåìû îñíîâà–ïîêðû-

òèå ïðè ôèíèøíîé îáðàáîòêå è ýêñïëóàòàöèè.

Êëþ÷åâûå ñëîâà: àäãåçèîííàÿ ïðî÷íîñòü, ïîðîøêîâûå ïîêðûòèÿ, ýëåêòðî-

êîíòàêòíîå ïðèïåêàíèå, îñòàòî÷íûå íàïðÿæåíèÿ.

Ââåäåíèå. Èçâåñòíî, ÷òî íàïðÿæåíèÿ (îñòàòî÷íûå íàïðÿæåíèÿ) â ïîêðû-

òèè ìîãóò âîçíèêàòü êàê âñëåäñòâèå òåõíîëîãèè åãî íàíåñåíèÿ, òàê è â

ðåçóëüòàòå ýêñïëóàòàöèîííîãî íàãðóæåíèÿ ïîä äåéñòâèåì ñòàòè÷åñêèõ è äèíà-

ìè÷åñêèõ íàãðóçîê [1, 2]. Îäíàêî ñâåäåíèé î ñðàâíèòåëüíîé ýôôåêòèâíîñòè

ýòèõ ôàêòîðîâ èëè èõ ýêâèâàëåíòíîñòè, à òàêæå ðîëè àäãåçèîííîé ïðî÷íîñòè

íàìè íå îáíàðóæåíî. Àíàëèç ïîëó÷åííûõ äàííûõ [1] ïîêàçûâàåò, ÷òî íàè-

áîëåå âûðàæåííàÿ ôîðìà ïðîÿâëåíèÿ îñòàòî÷íûõ íàïðÿæåíèé – çàâèñèìîñòü

ïðî÷íîñòè ñöåïëåíèÿ � ñö îò òîëùèíû ïîêðûòèÿ h. Èç äàííûõ, ïðèâåäåííûõ

â ëèòåðàòóðíûõ èñòî÷íèêàõ, èçâåñòíî, ÷òî ñ óâåëè÷åíèåì h è îñòàòî÷íûõ

íàïðÿæåíèé ïðî÷íîñòü ñöåïëåíèÿ � ñö ñíèæàåòñÿ âïëîòü äî ñàìîïðîèçâîëü-

íîãî îòñëîåíèÿ äëÿ ìíîãèõ ñëîèñòûõ ñèñòåì è ïîêðûòèé, â òîì ÷èñëå äëÿ

íàïûëåííûõ, ìåòàëëèçàöèîííûõ è ïîëèìåðíûõ ïîêðûòèé [2–7]. Îòìå÷àåòñÿ

òàêæå, ÷òî òîíêèå ïîêðûòèÿ ñ âûñîêèì óðîâíåì îñòàòî÷íûõ íàïðÿæåíèé íå

îòñëàèâàþòñÿ, â òî âðåìÿ êàê òîëñòûå ïîêðûòèÿ îòñëàèâàþòñÿ. Êàê ïðàâèëî,

íàëè÷èå îñòàòî÷íûõ íàïðÿæåíèé â ïîêðûòèè íå ïîçâîëÿåò óâåëè÷èòü åãî

òîëùèíó äî íåîáõîäèìîãî ðàçìåðà [8]. Êðèòè÷åñêàÿ òîëùèíà ïîêðûòèÿ îãðà-

íè÷åíà è çàâèñèò îò íîìèíàëüíîé ïðî÷íîñòè ñöåïëåíèÿ [4]. Çàâèñèìîñòü

ïðî÷íîñòè ñöåïëåíèÿ îò òîëùèíû ïîêðûòèÿ îáóñëîâëåíà òåì, ÷òî óïðóãèå

íàïðÿæåíèÿ è îñâîáîæäàþùàÿñÿ ýíåðãèÿ óìåíüøàþò ïðî÷íîñòü ñöåïëåíèÿ

ïîêðûòèÿ. Ìåòîäàìè ôîòîóïðóãîñòè ïîêàçàíî, ÷òî êàñàòåëüíûå íàïðÿæåíèÿ â

ïîâåðõíîñòè àäãåçèîííîãî êîíòàêòà ñ óâåëè÷åíèåì òîëùèíû ïîêðûòèÿ ïîâû-

øàþòñÿ [7]. Ïðîàíàëèçèðîâàíû [1] äâà ñëó÷àÿ îòñëîåíèÿ ïîêðûòèÿ çà ñ÷åò

äåôîðìàöèè îñíîâû ïîä äåéñòâèåì âíåøíåé íàãðóçêè è ðîñòà òîëùèíû

ïîêðûòèÿ. Çàâèñèìîñòè ïðî÷íîñòè àäãåçèîííîé ñâÿçè îò äåôîðìàöèè îñíîâû

è òîëùèíû ïîêðûòèÿ ÿâëÿþòñÿ èäåíòè÷íûìè (ðèñ. 1), ÷òî ñâèäåòåëüñòâóåò îá

ýêâèâàëåíòíîñòè íàãðóæåíèÿ àäãåçèîííîé ñâÿçè.

Â îòëè÷èå îò áîëüøèíñòâà ïîêðûòèé, ïîêðûòèÿ, ïîëó÷åííûå ìåòîäîì

ýëåêòðîêîíòàêòíîãî ïðèïåêàíèÿ ïîðîøêîâûõ ìàòåðèàëîâ (ÝÊÏÏ) [9], õàðàê-

òåðèçóþòñÿ òîëùèíàìè 3 ìì è áîëåå ïðè õîðîøåé àäãåçèîííîé ñâÿçè.
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Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ îöåíêà îñòàòî÷íûõ íàïðÿæåíèé â

ïîêðûòèÿõ, ïîëó÷åííûõ ìåòîäîì ÝÊÏÏ, è îáîñíîâàíèå âûñîêîé àäãåçèîííîé

ïðî÷íîñòè ñèñòåìû îñíîâà–ïîêðûòèå â óñëîâèÿõ ñîâìåñòíîãî äåéñòâèÿ ýêñ-

ïëóàòàöèîííûõ è îñòàòî÷íûõ íàïðÿæåíèé èñõîäÿ èç ïðèíöèïà ýêâèâàëåíò-

íîñòè íàãðóæåíèÿ àäãåçèîííîé ñâÿçè. Ýòîò ïðèíöèï ïîçâîëÿåò óñòàíîâèòü

ôóíêöèîíàëüíóþ ñâÿçü ìåæäó àäãåçèîííîé ïðî÷íîñòüþ, òîëùèíîé ïîêðûòèÿ,

îñòàòî÷íûìè íàïðÿæåíèÿìè è äåôîðìàöèåé îñíîâû.

Îöåíêà îñòàòî÷íûõ íàïðÿæåíèé ìåòîäîì ãðàôè÷åñêîãî äèôôåðåíöè-

ðîâàíèÿ. Èç êðèòåðèÿ ðàâíîïðî÷íîñòè [10], çàìåíèâ êîãåçèîííóþ ïðî÷íîñòü

ýêâèâàëåíòíûì îñòàòî÷íûì íàïðÿæåíèåì � ï
îñò , ìîæíî îïðåäåëèòü êðèòè÷åñ-

êóþ òîëùèíó ïîêðûòèÿ hêð ïðè óñëîâèè ñàìîîòñëîåíèÿ ïîä äåéñòâèåì

îñòàòî÷íûõ íàïðÿæåíèé:
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Çäåñü � ñö – ïðî÷íîñòü àäãåçèîííîé ñâÿçè; 2l – áàçîâûé ðàçìåð (ïðèíÿò

l h�10 ); k – êîýôôèöèåíò, çàâèñÿùèé îò ñîîòíîøåíèÿ óïðóãèõ è ãåîìåò-
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ãäå Í î , hï – ïîëóòîëùèíà îñíîâû è ïîêðûòèÿ; Åî , Åï , Go , Gï – ìîäóëè

óïðóãîñòè ïåðâîãî è âòîðîãî ðîäà ìàòåðèàëîâ îñíîâû è ïîêðûòèÿ.

Îòñþäà ñëåäóåò, ÷òî åñëè ñ ðîñòîì òîëùèíû ïîêðûòèÿ îñòàòî÷íûå íàïðÿ-

æåíèÿ ïîâûøàþòñÿ èëè îñòàþòñÿ íà òîì æå óðîâíå, áóäåò ïðîèñõîäèòü åãî
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Ðèñ. 1. Çàâèñèìîñòü îòíîñèòåëüíîé ïðî÷íîñòè àäãåçèîííîé ñâÿçè îò äåôîðìàöèè îñíîâû �0

(�) (ïðè ðàñòÿæåíèè îñíîâû) è òîëùèíû ïîêðûòèÿ h (�) (ïðè äåéñòâèè òîëüêî îñòàòî÷íûõ

íàïðÿæåíèé).

� �ñö max

h, ìì

�0 , %



ñàìîîòñëîåíèå. Èìåííî ýòî çà÷àñòóþ îãðàíè÷èâàåò âîçìîæíîñòü ïðèìåíåíèÿ

ïîêðûòèé áîëüøîé òîëùèíû.

Çàïèñàâ âûðàæåíèå (1) êàê
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1
, (2)

ìîæíî çàêëþ÷èòü, ÷òî îñòàòî÷íûå íàïðÿæåíèÿ â ïîêðûòèè õàðàêòåðèçóþòñÿ

òàíãåíñîì óãëà íàêëîíà ýêñïåðèìåíòàëüíîé êðèâîé, êîòîðàÿ îïèñûâàåò çàâè-

ñèìîñòü ïðî÷íîñòè ñöåïëåíèÿ îò òîëùèíû ïîêðûòèÿ. Ïðîàíàëèçèðóåì çàâè-

ñèìîñòü � ñö � f h( ) – ðèñ. 2 äëÿ ïîêðûòèÿ èç ñàìîôëþñóþùåãîñÿ ïîðîø-

êîâîãî ñïëàâà íà îñíîâå íèêåëÿ (ÏÃ-Ñ1), ïîëó÷åííîãî ìåòîäîì ÝÊÏÏ

( ,Å � 2 4 105 ÌÏà, G � 0 94 105, ÌÏà) è íàíåñåííîãî íà îñíîâó èç ñòàëè 45.

Ðåæèìû íàíåñåíèÿ: ñèëà òîêà I �10 êÀ; âðåìÿ èìïóëüñà tè �0 04, ñ; âðåìÿ

ïàóçû tï �0 04, ñ; äàâëåíèå íà ýëåêòðîäå Ð � 40 ÌÏà. Êàê âèäíî, äëÿ

ðàññìàòðèâàåìîãî ïîêðûòèÿ ñ ðîñòîì åãî òîëùèíû íàáëþäàåòñÿ ñòàáèëèçà-

öèÿ ïðî÷íîñòè àäãåçèîííîé ñâÿçè.

Ïðèìåíåíèå ìåòîäà ãðàôè÷åñêîãî äèôôåðåíöèðîâàíèÿ çàâèñèìîñòè

� ñö � f h( ) ñ ó÷åòîì ïîïðàâî÷íîãî êîýôôèöèåíòà 1 ( )k klth ïîçâîëÿåò îöå-

íèòü óðîâåíü îñòàòî÷íûõ íàïðÿæåíèé â ïîêðûòèè è ïîêàçàòü, ÷òî ðîñò

òîëùèíû ïîêðûòèÿ ïðèâîäèò ê ñíèæåíèþ ñðåäíåãî çíà÷åíèÿ îñòàòî÷íûõ

íàïðÿæåíèé âïëîòü äî àñèìïòîòè÷åñêîãî ìèíèìàëüíîãî çíà÷åíèÿ (ðèñ. 3).

Àíàëèç ïðåäåëüíîãî ñîñòîÿíèÿ ñèñòåìû îñíîâà–ïîêðûòèå èñõîäÿ èç

ïðèíöèïà ýêâèâàëåíòíîñòè íàãðóæåíèÿ àäãåçèîííîé ñâÿçè. Â óñëîâèÿõ

ýêñïëóàòàöèè, íàïðèìåð, ïðè ðàñòÿæåíèè îñíîâû â âûðàæåíèè (1) � ï
îñò

ñëåäóåò çàìåíèòü ýôôåêòèâíûì íàïðÿæåíèåì � ï
ýô, ÿâëÿþùèìñÿ ñóììîé îñòà-

òî÷íûõ � ï
îñò è ýêñïëóàòàöèîííûõ � ï

ýêñï íàïðÿæåíèé â ïîêðûòèè:
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Àäãåçèîííàÿ ïðî÷íîñòü è îñòàòî÷íûå íàïðÿæåíèÿ ...
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Ðèñ. 2. Çàâèñèìîñòü ïðî÷íîñòè àäãåçèîííîé ñâÿçè îò òîëùèíû ïîêðûòèÿ èç ñàìîôëþñóþùå-

ãîñÿ ïîðîøêîâîãî ñïëàâà íà îñíîâå íèêåëÿ (ÏÃ-Ñ1), ïîëó÷åííîãî ìåòîäîì ÝÊÏÏ.
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êð – êðèòè÷åñêàÿ äåôîðìàöèÿ îñíîâû, ñîîòâåòñòâóþùàÿ îòñëîåíèþ ïîêðû-

òèÿ ïîä äåéñòâèåì ýêñïëóàòàöèîííîãî íàãðóæåíèÿ.

Ñ ó÷åòîì (4), (5) âûðàæåíèå (3) ïðåîáðàçóåòñÿ ê âèäó
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Âûðàæåíèå (7) ïðèâîäèò, êàçàëîñü áû, ê ïàðàäîêñàëüíîìó äëÿ áîëü-

øèíñòâà ïîêðûòèé âûâîäó, îäíàêî ñïðàâåäëèâîìó äëÿ ïîêðûòèé, ïîëó÷åííûõ

ìåòîäîì ÝÊÏÏ: ñíèæåíèå îñòàòî÷íûõ íàïðÿæåíèé ñ ðîñòîì òîëùèíû ïîêðû-

òèÿ ïîçâîëÿåò íàíîñèòü ïîêðûòèå ñ óâåëè÷åííîé òîëùèíîé ïðè îäíîâðåìåí-

íîì ïîâûøåíèè âîçìîæíîé êðèòè÷åñêîé äåôîðìàöèè îñíîâû. Òàêèì îáðà-

çîì ìîæíî óâåëè÷èòü íàãðóçî÷íóþ ñïîñîáíîñòü ñèñòåìû îñíîâà–ïîêðûòèå

áåç ðèñêà îòñëîåíèÿ ïîêðûòèÿ.

Äëÿ ðàñ÷åòà íåñóùåé ñïîñîáíîñòè êîíñòðóêòèâíûõ ýëåìåíòîâ ñ ïîêðû-

òèåì íà ñòàäèè ïðîèçâîäñòâà è âîññòàíîâëåíèÿ èçíîøåííûõ äåòàëåé íåîáõî-

äèìî ó÷èòûâàòü ñëåäóþùåå:

áîëüøèíñòâî ïîêðûòèé, â òîì ÷èñëå è íàíîñèìûå ìåòîäîì ÝÊÏÏ, òðå-

áóþò ôèíèøíîé ìåõàíè÷åñêîé îáðàáîòêè äëÿ îáåñïå÷åíèÿ íåîáõîäèìûõ ÷èñ-

òîòû ïîâåðõíîñòè è ðàçìåðîâ äåòàëè. Êðîìå îïåðàöèé øëèôîâàíèÿ áîëåå

èçâåñòíû ìåòîäû ÷èñòîâîãî òî÷åíèÿ èíñòðóìåíòàìè èç ñîâðåìåííûõ ñâåðõ-
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Ðèñ. 3. Çàâèñèìîñòü îñòàòî÷íûõ íàïðÿæåíèé îò òîëùèíû ïîêðûòèÿ èç ñàìîôëþñóþùåãîñÿ

ïîðîøêîâîãî ñïëàâà íà îñíîâå íèêåëÿ (ÏÃ-Ñ1), ïîëó÷åííîãî ìåòîäîì ÝÊÏÏ.
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òâåðäûõ ìàòåðèàëîâ [11]. Ïîýòîìó â òîëùèíå ïîêðûòèÿ h ñëåäóåò ïðåäóñìîò-

ðåòü ïðèïóñê íà ôèíèøíóþ îáðàáîòêó;

äëÿ ÷èñòîâîãî òî÷åíèÿ äåòàëè ñ ïîêðûòèåì óðîâåíü àäãåçèîííîé ïðî÷-

íîñòè � ñö äîëæåí îáåñïå÷èòü âîçìîæíîñòü îáðàáîòêè áåç îòñëîåíèÿ ïîêðû-

òèÿ. Ïîýòîìó ïðî÷íîñòü àäãåçèîííîé ñâÿçè äîëæíà èìåòü çàïàñ, âåëè÷èíà

êîòîðîãî îïðåäåëÿåòñÿ ðåæèìàìè è óñëîâèÿìè ÷èñòîâîé îáðàáîòêè.

Äëÿ âûáîðà îïòèìàëüíîãî ñîîòíîøåíèÿ �0 , � ñö è h íà ðèñ. 4 ïðè-

âåäåíû èõ çàâèñèìîñòè, ðàññ÷èòàííûå ïî óðàâíåíèþ (7) ñ ó÷åòîì îñòàòî÷íûõ

íàïðÿæåíèé.

Â û â î ä û

1. Ìåòîäîì ãðàôè÷åñêîãî äèôôåðåíöèðîâàíèÿ ýêñïåðèìåíòàëüíîé çàâè-

ñèìîñòè àäãåçèîííîé ïðî÷íîñòè îò òîëùèíû ïîêðûòèÿ îïðåäåëåíû îñòàòî÷-

íûå íàïðÿæåíèÿ â ïîêðûòèÿõ, ïîëó÷åííûõ ÝÊÏÏ.

2. Ïî ïðèíöèïó ýêâèâàëåíòíîñòè îñòàòî÷íûõ íàïðÿæåíèé è êðèòè÷åñêèõ

äåôîðìàöèé îñíîâû ïðè îòñëîåíèè ïîêðûòèÿ óñòàíîâëåíà ôóíêöèîíàëüíàÿ

ñâÿçü ìåæäó àäãåçèîííîé ïðî÷íîñòüþ, òîëùèíîé ïîêðûòèÿ, êðèòè÷åñêîé

äåôîðìàöèåé îñíîâû è îñòàòî÷íûìè íàïðÿæåíèÿìè, ÷òî ïîçâîëÿåò îïðå-

äåëèòü õàðàêòåðèñòèêè ñèñòåìû îñíîâà–ïîêðûòèå äëÿ óñëîâèé ôèíèøíîé

îáðàáîòêè è ýêñïëóàòàöèè.

Ð å ç þ ì å

Çã³äíî ç ïðèíöèïîì åêâ³âàëåíòíîñò³ íàâàíòàæåííÿ àäãåç³éíîãî çâ’ÿçêó çà

äîïîìîãîþ ãðàô³÷íîãî äèôåðåíö³þâàííÿ åêñïåðèìåíòàëüíî¿ çàëåæíîñò³ àäãå-

ç³éíî¿ ì³öíîñò³ â³ä òîâùèíè ïîêðèòòÿ îö³íåíî çàëèøêîâ³ íàïðóæåííÿ â

ïîêðèòò³. Óñòàíîâëåíî ôóíêö³îíàëüíèé çâ’ÿçîê ì³æ àäãåç³éíîþ ì³öí³ñòþ,

òîâùèíîþ ïîêðèòòÿ, êðèòè÷íîþ äåôîðìàö³ºþ îñíîâè òà çàëèøêîâèìè íàïðó-

æåííÿìè, ùî äîçâîëÿº âèáèðàòè ïàðàìåòðè ñèñòåìè îñíîâà–ïîêðèòòÿ ïðè

ô³í³øí³é îáðîáö³ òà åêñïëóàòàö³¿.
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Ðèñ. 4. Ïðåäåëüíîå ñîñòîÿíèå ñèñòåìû îñíîâà–ïîêðûòèå ïðè ðàçëè÷íûõ ôèêñèðîâàííûõ çíà÷å-

íèÿõ �ñö : 1 – �ñö � 200 ÌÏà; 2 – �ñö �155 ÌÏà; 3 – �ñö �135 ÌÏà; 4 – íà îñíîâàíèè

ýêñïåðèìåíòàëüíîé çàâèñèìîñòè �ñö � f h( ) ñ ó÷åòîì îñòàòî÷íûõ íàïðÿæåíèé.

h, ìì

�0 , %

Àäãåçèîííàÿ ïðî÷íîñòü è îñòàòî÷íûå íàïðÿæåíèÿ ...



1. Ëÿøåíêî Á. À. Íåñóùàÿ ñïîñîáíîñòü ìàòåðèàëîâ è êîíñòðóêòèâíûõ ýëå-

ìåíòîâ ñ çàùèòíûìè ïîêðûòèÿìè â ýêñòðåìàëüíûõ óñëîâèÿõ ýêñïëóà-

òàöèè: Àâòîðåô. äèñ. ... ä-ðà òåõí. íàóê. – Êèåâ, 1976. – 55 ñ.

2. Ëÿøåíêî Á. À., Ñîðîêà Å. Á. Îñîáåííîñòè âûñîêî÷àñòîòíîãî íàãðóæåíèÿ

ìàòåðèàëîâ ñ ïîêðûòèÿìè // Ïðîáë. ïðî÷íîñòè. – 1998. – ¹ 5. – Ñ. 134 –

138.

3. Áîðîäèí È. Í. Óïðî÷íåíèå êîìïîçèöèîííûìè ïîêðûòèÿìè. – Ì.: Ìàøèíî-

ñòðîåíèå, 2000. – 141 ñ.

4. Ìàòâååâ Í. Â. Ñëóæåáíûå è ôèçèêî-ìåõàíè÷åñêèå ñâîéñòâà íåñïëîøíî-

ãî íèòðèäòèòàíîâîãî ïîêðûòèÿ // Ñâàð. ïð-âî. – 2006. – ¹ 9. – Ñ. 16 – 21.

5. Tsui Y. C., Howard S. J., and Clyne T. W. The effect of residual stresses on the

debonding of coatings. An experimental study of a thermally sprayed system

// Acta Met. Mater. – 1994. – 42, No. 8. – P. 2837 – 2844.

6. Hanabusa T., Kusaka K., Matsue T., et al. Evaluation of internal stresses in

single-, double- and multi-layered TiN and TiAlN thin films by synchrotron

radiation // JSME Int. J. Ser. A. – 2005. – 47, No. 3. – P. 312 – 317.

7. Ôðåéäèí À. Ñ., Íóðòàçèí Ì. Ñ. Õàðàêòåð ðàñïðåäåëåíèÿ îñòàòî÷íûõ

íàïðÿæåíèé â àäãåçèîííûõ ñîåäèíåíèÿõ ðàçíûõ òèïîâ // Ìåõàíèêà ïîëè-

ìåðîâ. – 1971. – ¹ 4. – Ñ. 738 – 742.

8. Âåðõîòóðîâ À. Ä. Ôîðìèðîâàíèå ïîâåðõíîñòíîãî ñëîÿ ìåòàëëîâ ïðè

ýëåêòðîèñêðîâîì ëåãèðîâàíèè. – Âëàäèâîñòîê: Äàëüíàóêà, 1995. – 323 ñ.

9. Ëîïàòà Ë. À. Ðàçðàáîòêà òåõíîëîãèè íàíåñåíèÿ èçíîñîñòîéêèõ ïîðîø-

êîâûõ ïîêðûòèé ýëåêòðîêîíòàêòíûì ïðèïåêàíèåì ñ ñèëîâûì àêòèâèðî-

âàíèåì ñäâèãîì: Àâòîðåô. äèñ. êàíä. ... òåõí. íàóê. – Ìèíñê, 1989. – 24 ñ.

10. Ëÿøåíêî Á. À. Î êðèòåðèÿõ êîãåçèîííî-àäãåçèîííîé ðàâíîïðî÷íîñòè è

òåðìîñòîéêîñòè çàùèòíûõ ïîêðûòèé // Ïðîáë. ïðî÷íîñòè. – 1980. – ¹ 10.

– Ñ. 114 – 116.

11. Êëèìåíêî Ñ. À., Ìóêîâîç Þ. À., Ïîëîíñêèé Ë. Ã. è äð. Òî÷åíèå èçíîñî-

ñòîéêèõ çàùèòíûõ ïîêðûòèé. – Êèåâ. Òåõí³êà, 1997. – 146 ñ.

Ïîñòóïèëà 06. 05. 2009

76 ISSN 0556-171X. Ïðîáëåìû ïðî÷íîñòè, 2010, ¹ 4

Ë. À. Ëîïàòà



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


