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Ðàññìàòðèâàåòñÿ ñòàòè÷åñêàÿ çàäà÷à òåîðèè óïðóãîñòè î êîíöåíòðàöèè
íàïðÿæåíèé â îêðåñòíîñòè âåðøèí âíóòðåííåé òðåùèíû êîíå÷íîé äëèíû â
ïîëîñå, óñèëåííîé òîíêèì ãèáêèì ïîêðûòèåì. Òðåùèíà ðàñïîëîæåíà ïàðàë-
ëåëüíî ãðàíèöàì ïîëîñû, áåðåãà åå íå âçàèìîäåéñòâóþò. Çàäà÷à ñèììåòðè÷íà
îòíîñèòåëüíî ëèíèè òðåùèíû. Èññëåäîâàíèå îñíîâàíî íà ìåòîäå èíòåãðàëü-
íûõ ïðåîáðàçîâàíèé, êîòîðûé ïîçâîëèë ñâåñòè çàäà÷ó ê ðåøåíèþ ñèíãóëÿðíî-
ãî èíòåãðàëüíîãî óðàâíåíèÿ ïåðâîãî ðîäà ñ ÿäðîì Êîøè. Â êà÷åñòâå ìîäåëè
ïîêðûòèÿ èñïîëüçîâàíû ñïåöèàëüíûå ãðàíè÷íûå óñëîâèÿ, ñôîðìóëèðîâàííûå
íà îñíîâå àñèìïòîòè÷åñêîãî àíàëèçà ðåøåíèÿ çàäà÷è äëÿ òîíêîé óïðóãîé ïî-
ëîñû, èçãèáíîé æåñòêîñòüþ êîòîðîé ìîæíî ïðåíåáðå÷ü. Ïðîâåäåíî èññëåäî-
âàíèå ðåãóëÿðíîé ÷àñòè ÿäðà â çàâèñèìîñòè îò ñîîòíîøåíèé ôèçè÷åñêèõ õà-
ðàêòåðèñòèê ìàòåðèàëîâ ïîëîñû è ïîêðûòèÿ, à òàêæå òàêèõ ãåîìåòðè÷åñêèõ
ïàðàìåòðîâ, êàê ðàçìåð òðåùèíû è òîëùèíû ïîëîñû è ïîêðûòèÿ. Ðåøåíèå
èíòåãðàëüíîãî óðàâíåíèÿ ïîñòðîåíî ìåòîäîì êîëëîêàöèé â âèäå ðàçëîæåíèÿ
ïî ïîëèíîìàì ×åáûøåâà ñ çàðàíåå âûäåëåííîé îñîáåííîñòüþ. Ïðîâåäåí àíà-
ëèç ñõîäèìîñòè ìåòîäà â çàâèñèìîñòè îò ñîîòíîøåíèÿ çíà÷åíèé ïàðàìåòðîâ
çàäà÷è. Ïîëó÷åíû çíà÷åíèÿ ôàêòîðà âëèÿíèÿ, ïðèâåäåííîãî êîýôôèöèåíòà
èíòåíñèâíîñòè íîðìàëüíûõ íàïðÿæåíèé â îêðåñòíîñòè âåðøèí òðåùèíû äëÿ
ðàçëè÷íûõ êîìáèíàöèé ãåîìåòðè÷åñêèõ è ôèçè÷åñêèõ ïàðàìåòðîâ çàäà÷è. Â
÷àñòíîñòè, óñòàíîâëåíî, ÷òî óâåëè÷åíèå òîëùèíû è æåñòêîñòè ïîêðûòèÿ âå-
äåò ê ñíèæåíèþ âåëè÷èíû ôàêòîðà âëèÿíèÿ. Óâåëè÷åíèå äëèíû òðåùèíû èëè
óìåíüøåíèå øèðèíû ïîëîñû ïðèâîäèò ê óâåëè÷åíèþ âåëè÷èíû ôàêòîðà âëè-
ÿíèÿ. Ðàññìîòðåíû èçâåñòíûå ÷àñòíûå ñëó÷àè óêàçàííîé çàäà÷è. Â ÷àñòíîñòè,
â ñëó÷àå îòñóòñòâèÿ ïîêðûòèÿ ðåçóëüòàòû ñîïîñòàâëåíû ñ èìåþùèìèñÿ â ëè-
òåðàòóðå äàííûìè.

Êëþ÷åâûå ñëîâà: òðåùèíà, òîíêîå ãèáêîå ïîêðûòèå, êîýôôèöèåíò èíòåí-
ñèâíîñòè íàïðÿæåíèé, ôàêòîð âëèÿíèÿ, ìåòîä èíòåãðàëüíûõ ïðåîáðàçîâàíèé,
ìåòîä êîëëîêàöèé, ñèíãóëÿðíîå èíòåãðàëüíîå óðàâíåíèå, ÿäðî Êîøè.

Ââåäåíèå

Ýêñïëóàòàöèÿ äåòàëåé ìàøèí è êîíñòðóêöèé ïðîèñõîäèò â óñëîâèÿõ âîçíèêíî-
âåíèÿ êîððîçèè, áîëüøèõ íàãðóçîê, ïîâûøåííîãî èçíàøèâàíèÿ, êîãäà êîíöåíòðà-
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òîðû íàïðÿæåíèé ñîñðåäîòî÷åíû â ïîâåðõíîñòíûõ ñëîÿõ èçäåëèÿ. Ñîâðåìåííûå
òåõíîëîãèè ïîêðûòèÿ èçäåëèé òîíêèìè íàêëàäêàìè ïðèçâàíû ïîâûñèòü êîððîçèîí-
íóþ ñòîéêîñòü, òâåðäîñòü, óâåëè÷èâàþò íàäåæíîñòü è èõ ýêñïëóàòàöèîííûå ñðîêè.
Êðîìå ýòîãî ìåòîäà, ïîâûñèòü èçíîñîñòîéêîñòü è óâåëè÷èòü ïðî÷íîñòü âîçìîæíî
çà ñ÷åò ñîçäàíèÿ ñîîòâåòñòâóþùèõ òåõíîëîãèé îáðàáîòêè èëè èñïîëüçîâàíèÿ êîì-
ïîçèöèé ñïëàâîâ. Óêàçàííûå ñïîñîáû ïîçâîëÿþò ñîõðàíèòü ïëàñòè÷íîñòü è óñòîé-
÷èâîñòü ê âíóòðåííèì òðåùèíîîáðàçíûì âêëþ÷åíèÿì, ïîâûøàþò ñðîêè ýêñïëóà-
òàöèè èçäåëèé è ñíèæàþò ðàñõîäû ìåòàëëà.

Òîíêîå ïîêðûòèå ïðåäñòàâëÿåò ñîáîé ñëîé ìàòåðèàëà, íàíåñåííîãî íà ïîâåðõ-
íîñòü äåòàëè. Òîëùèíà ïîêðûòèÿ ìîæåò äîñòèãàòü îò äåñÿòûõ äîëåé äî ñîòåí ìèê-
ðîí. Ìàòåðèàëàìè ïîêðûòèé ìîãóò áûòü ëàêè, êðàñêè, ìåòàëëû, îêñèäû, ïîëèìåðû.
Âûáîð ìàòåðèàëà ïîêðûòèÿ è åãî òîëùèíû çàâèñèò îò íàçíà÷åíèÿ äåòàëè è ïîêðû-
òèÿ, òåõíîëîãèè åå èçãîòîâëåíèÿ è óñëîâèé ýêñïëóàòàöèè.

Íà÷àëî èçó÷åíèþ âëèÿíèÿ òîíêèõ íàêëàäîê, èçãèáíîé æåñòêîñòüþ êîòîðûõ
ìîæíî ïðåíåáðå÷ü, ïîëîæåíî â èññëåäîâàíèÿõ [1−4]. Â.Ì. Àëåêñàíäðîâ è Ñ.Ì. Ìõè-
òàðÿí èçó÷èëè è îáîáùèëè ðåçóëüòàòû èññëåäîâàíèé ìíîãèõ àâòîðîâ ïî êîíòàêò-
íûì çàäà÷àì äëÿ òåë ñ òîíêèìè ïîêðûòèÿìè è ïðîñëîéêàìè [5]. Â ñòàòüå [6] ïðîâå-
äåíî èññëåäîâàíèå ñìåøàííîé çàäà÷è î ïåðåäà÷å íàãðóçêè îò ñòðèíãåðîâ ê óïðóãîé
ïîëîñå, ñîäåðæàùåé òðåùèíîïîäîáíûé äåôåêò. Èññëåäîâàíèÿ, ïðåäñòàâëåííûå â
ïóáëèêàöèÿõ [7−9], ïîñâÿùåíû ðåøåíèþ ñìåøàííûõ çàäà÷ äëÿ ñîñòàâíûõ òåë, îñ-
ëàáëåííûõ òðåùèíàìè. Â [10] ïðèâåäåíî ðåøåíèå çàäà÷è î âçàèìîäåéñòâèè áåñêî-
íå÷íîãî èëè êîíå÷íîãî ñòðèíãåðà ñ óïðóãîé ïîëóïëîñêîñòüþ, ñîäåðæàùåé âåðòè-
êàëüíûé ðàçðåç. Ðåøåíèþ çàäà÷è î ïîïåðå÷íîé òðåùèíå â ïîëîñå, óñèëåííîé ðåá-
ðàìè æåñòêîñòè íà îáåèõ ãðàíÿõ, ïîñâÿùåíà ñòàòüÿ [11].

Ïðîâåäåí ðÿä èññëåäîâàíèé, ïîñâÿùåííûõ èçó÷åíèþ çàäà÷ î êîíöåíòðàöèè
íàïðÿæåíèé â îêðåñòíîñòÿõ âåðøèí ïîïåðå÷íûõ òðåùèí â ïîëóáåñêîíå÷íûõ óïðó-
ãèõ òåëàõ äëÿ ðàçëè÷íûõ ãðàíè÷íûõ óñëîâèé; ðåçóëüòàòû ïðåäñòàâëåíû â ïóáëèêà-
öèÿõ [12−15].

Â ñòàòüÿõ [16−19] ïðåäñòàâëåíû èññëåäîâàíèÿ, ïîñâÿùåííûå èçó÷åíèþ êîíöåí-
òðàöèè íàïðÿæåíèé â îêðåñòíîñòè âåðøèí âíóòðåííèõ òðåùèí â óïðóãèõ òåëàõ (ïî-
ëóïëîñêîñòü, êîëüöî, êëèí), ïîäêðåïëåííûõ òîíêèìè ïîêðûòèÿìè.

Ïîñòàíîâêà çàäà÷è

Ðàññìîòðèì ñòàòè÷åñêóþ çàäà÷ó òåîðèè óïðóãîñòè äëÿ ïîëîñû òîëùèíîé 2h
(−∞ < x < ∞, |y| ≤ h), îñëàáëåííîé ïðÿìîëèíåéíîé ïðîäîëüíîé òðåùèíîé äëèíîé 2a
(|x | ≤ a, y = 0). Â íàïðàâëåíèè, ïåðïåíäèêóëÿðíîì ëèíèè òðåùèíû, ê åå áåðåãàì
ïðèëîæåíû íîðìàëüíûå ðàñòÿãèâàþùèå óñèëèÿ èíòåíñèâíîñòüþ q, îáåñïå÷èâàþ-
ùèå åå ðàñêðûòèå. Ãðàíèöà ïîëîñû ïîäêðåïëåíà òîíêèì óïðóãèì ïîêðûòèåì, çàíè-
ìàþùèì îáëàñòü −∞ < x < ∞, h ≤ | y | ≤ h + h1. C÷èòàåì, ÷òî íà áåñêîíå÷íîñòè
ðåàëèçóþòñÿ óñëîâèÿ çàòóõàíèÿ êîìïîíåíò âåêòîðà ïåðåìåùåíèé è òåíçîðà íàïðÿ-
æåíèé. Ïîêðûòèå ïîëîñû ñâîáîäíî îò íàïðÿæåíèé (ðèñ. 1).

Â ñèëó ñèììåòðèè çàäà÷è îòíîñèòåëüíî îñè àáñöèññ äîñòàòî÷íî ðàññìîòðåòü
îáëàñòü {−∞ < x < ∞, 0 ≤ y ≤ h}.

Óðàâíåíèÿ ðàâíîâåñèÿ â ïåðåìåùåíèÿõ äëÿ çàäà÷è ïëîñêîé äåôîðìàöèè èìåþò
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îòâåòñòâåííî, G è ν − ìîäóëü ñäâèãà è êîýôôèöèåíò Ïóàññîíà ìàòåðèàëà ïîëîñû.

Ãðàíè÷íûå óñëîâèÿ çàäà÷è èìåþò âèä:
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− êîìïîíåíòû òåíçîðà íàïðÿæåíèé; G1 è ν1 − ìîäóëü ñäâèãà è êîýôôèöèåíò Ïóàññî-
íà ìàòåðèàëà ïîêðûòèÿ.

Ïðè y =  ±h äåéñòâóþò ãðàíè÷íûå óñëîâèÿ (2), ìîäåëèðóþùèå âëèÿíèå íàêëàä-
êè [16, 18, 19], êîòîðûå ñôîðìóëèðîâàíû íà îñíîâàíèè ïðîâåäåííîãî àñèìïòîòè-
÷åñêîãî àíàëèçà ðåøåíèÿ çàäà÷è äëÿ òîíêîé óïðóãîé ïîëîñû [5]. Â [16] ïðåäñòàâëå-
íî ïîäðîáíîå îïèñàíèå öèêëà âû÷èñëèòåëüíûõ ýêñïåðèìåíòîâ, ïðîâåäåííûõ â êî-
íå÷íî-ýëåìåíòíîì ïàêåòå FlexPDE â çàäà÷å äëÿ ïîëîñû ñ òîíêèì ïîêðûòèåì. Ýòè
ñðàâíèòåëüíûå ðàñ÷åòû ïîñâÿùåíû èññëåäîâàíèþ âîïðîñà àäåêâàòíîñòè ïðèíÿòîé
ìîäåëè äëÿ ðàçëè÷íûõ ñîîòíîøåíèé ãåîìåòðè÷åñêèõ è ôèçè÷åñêèõ ïàðàìåòðîâ. Â
÷àñòíîñòè, óñòàíîâëåíî, ÷òî äëÿ îòíîñèòåëüíîé òîëùèíû ïîêðûòèÿ h1/h ≤ 0,02 ïî-
ãðåøíîñòü ìîäåëè íå ïðåâûøàåò 5% â øèðîêîì äèàïàçîíå ôèçè÷åñêèõ ïàðàìåòðîâ
è âîçðàñòàåò ïðè åå óâåëè÷åíèè.
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Âûâîä èíòåãðàëüíîãî óðàâíåíèÿ

Â ñèñòåìå óðàâíåíèé (1) ïðåäñòàâèì ôóíêöèè u(x, y) è v(x, y) â ôîðìå èíòåãðà-
ëîâ Ôóðüå, â ðåçóëüòàòå ÷åãî óðàâíåíèÿ ñâîäÿòñÿ ê ñèñòåìå îäíîðîäíûõ îáûêíîâåí-
íûõ äèôôåðåíöèàëüíûõ óðàâíåíèé â òåðìèíàõ òðàíñôîðìàíò, îáùåå ðåøåíèå êî-
òîðîé èçâåñòíî [5]. Óäîâëåòâîðÿÿ äàëåå ãðàíè÷íûì óñëîâèÿì (2)−(6), ïðåäñòàâëåí-
íûì â òðàíñôîðìàíòàõ Ôóðüå, ïåðåõîäèì ê òåðìèíàì îðèãèíàëîâ. Îïèñàííûå ïðå-
îáðàçîâàíèÿ ÿâëÿþòñÿ ñòàíäàðòíûìè è ïîýòîìó çäåñü íå ïðèâåäåíû. Åäèíñòâåííàÿ
îñîáåííîñòü − ýòî óäîâëåòâîðåíèå ãðàíè÷íîìó óñëîâèþ (2), ìîäåëèðóþùåìó íàëè-
÷èå ïîêðûòèÿ. Â ðåçóëüòàòå ïîëó÷àåì
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Ôóíêöèÿ (8) óäîâëåòâîðÿåò óñëîâèþ
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 [20], ïîëó÷àåì ñèíãóëÿðíîå èí-
òåãðàëüíîå óðàâíåíèå (ÑÈÓ) ñ ÿäðîì Êîøè 1-ãî ðîäà:
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ãäå K(u) = M(u) − 1.
Ââåäåì ñëåäóþùèå ïåðåìåííûå è ôóíêöèè:
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ïîçâîëÿþùèå ñâåñòè ÑÈÓ (10) ê áåçðàçìåðíîìó âèäó:
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Â ïðåäåëüíîì ñëó÷àå h1 → 0 èíòåãðàëüíîå óðàâíåíèå (11) ñîîòâåòñòâóåò çàäà÷å
î ïðîäîëüíîé òðåùèíå â ïîëîñå áåç ïîêðûòèÿ [21].

Ðåøåíèå èíòåãðàëüíîãî óðàâíåíèÿ

Ïîñòðîèì ðåøåíèå èíòåãðàëüíîãî óðàâíåíèÿ (11) ìåòîäîì êîëëîêàöèé â âèäå
ëèíåéíîé êîìáèíàöèè áàçèñíûõ ôóíêöèé, ÿâíî ó÷èòûâàþùèì îñîáåííîñòü â îêðå-
ñòíîñòè âåðøèí òðåùèíû:
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ãäå Tn − ïîëèíîìû ×åáûøåâà ïåðâîãî ðîäà, Xn − êîýôôèöèåíòû ïðè áàçèñíûõ ôóíê-
öèÿõ, m − êîëè÷åñòâî óçëîâûõ òî÷åê. Óçëîâûå òî÷êè − êîðíè ïîëèíîìîâ ×åáûøåâà:
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Ïîäñòàíîâêà ðÿäîâ (12) â ÑÈÓ (11) ïîçâîëÿåò ñâåñòè çàäà÷ó ê ðåøåíèþ ñèñòå-
ìû ëèíåéíûõ àëãåáðàè÷åñêèõ óðàâíåíèé îòíîñèòåëüíî êîýôôèöèåíòîâ Xi:
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Âû÷èñëåíèå êîýôôèöèåíòîâ
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ñèñòåìû (14) îñóùåñòâëÿåòñÿ â äâà ýòàïà. Ñèíãóëÿðíàÿ ÷àñòü, òî åñòü èíòåãðàë (15)
áåç âòîðîãî ñëàãàåìîãî â êâàäðàòíûõ ñêîáêàõ, ïðåäñòàâëÿåò ñîáîé òàáëè÷íûé èí-
òåãðàë [20]; îí ðàâåí πUn−1(x), à ðåãóëÿðíàÿ ÷àñòü îïðåäåëÿåòñÿ ÷èñëåííî (Un −
ïîëèíîìû ×åáûøåâà âòîðîãî ðîäà). Çíàÿ χ′(ζ), ìîæíî óñòàíîâèòü çíà÷åíèÿ êîýô-
ôèöèåíòà èíòåíñèâíîñòè íîðìàëüíûõ íàïðÿæåíèé â îêðåñòíîñòè ñîîòâåòñòâåííî
ëåâîé è ïðàâîé âåðøèí òðåùèíû:
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Ïðè âûáîðå êîëè÷åñòâà óçëîâ êîëëîêàöèè m íåîáõîäèìî ó÷èòûâàòü çíà÷åíèÿ
ãåîìåòðè÷åñêèõ è ôèçè÷åñêèõ ïàðàìåòðîâ çàäà÷è. Ïðîâåäåíî èññëåäîâàíèå âíóò-
ðåííåé ñõîäèìîñòè ìåòîäà. Êàê ïîêàçàëè íåïîñðåäñòâåííûå âû÷èñëåíèÿ, ïðè m = 8
è m = 16 îòêëîíåíèå ðåçóëüòàòîâ íå ïðåâûøàåò 5% ïðè E1/E = 2,1, h1/h = 0,005 (E è
E1 − ìîäóëè Þíãà ìàòåðèàëà ïîëîñû è ìàòåðèàëà ïîêðûòèÿ). Ïðè óâåëè÷åíèè îò-
íîñèòåëüíîé òîëùèíû èëè æåñòêîñòè ïîêðûòèÿ òî÷íîñòü ñíèæàåòñÿ. Ñòîëü âûñî-
êàÿ ýôôåêòèâíîñòü ìåòîäà â ýòîì ñëó÷àå îáúÿñíÿåòñÿ óäà÷íûì ïîäáîðîì áàçèñíûõ
ôóíêöèé.

Àíàëèç ðåçóëüòàòîâ

Ïðîâåäåì èññëåäîâàíèå âëèÿíèÿ ñâîéñòâ íåêîòîðûõ ìàòåðèàëîâ ïîêðûòèÿ íà
çàâèñèìîñòü ôàêòîðà âëèÿíèÿ N(±1) (ïðèâåäåííîãî êîýôôèöèåíòà èíòåíñèâíîñòè
íîðìàëüíûõ íàïðÿæåíèé) îò ïàðàìåòðà λ = h/a, õàðàêòåðèçóþùåãî îòíîñèòåëüíóþ
òîëùèíó ïîëîñû; N(±1) = KI /KI∞, KI∞ − ñîîòâåòñòâóþùàÿ âåëè÷èíà â êëàññè÷åñêîì
ñëó÷àå. Â êà÷åñòâå ìàòåðèàëà ïîëîñû ðàññìàòðèâàåòñÿ êîíñòðóêöèîííàÿ ñòàëü (ν =
= 0,28, E = 200 ÃÏà). Ìàòåðèàëû íàêëàäîê, ñîîòâåòñòâåííî, PTFE − òåôëîí (ν1 = 0,46,
e = 0,0025), Al − àëþìèíèé (ν1 = 0,34, e = 0,35), Ti − òèòàí (ν1 = 0,32, e = 0,56), Ni −
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íèêåëü (ν1 = 0,28, e = 1,02), Cr − õðîì (ν1 = 0,35, e = 1,44), TiN − íèòðèä òèòàíà (ν1 =
= 0,28, e = 1,80), W − âîëüôðàì (ν1 = 0,30, e = 2,10), WC − êàðáèä âîëüôðàìà (ν1 =
0,26, e = 2,66); e = E1/E.

Íà ðèñ. 2 ïðåäñòàâëåíû ðåçóëüòàòû ðàñ÷åòîâ çàâèñèìîñòè ôàêòîðà âëèÿíèÿ (â
îêðåñòíîñòè âåðøèíû òðåùèíû) îò ïàðàìåòðà λ, êîãäà îòíîñèòåëüíàÿ òîëùèíà íà-
êëàäêè h1/h = 0,015. Ðàññìîòðåíû ñëó÷àè, êîãäà ìàòåðèàë íàêëàäêè áîëåå ìÿãêèé
(òåôëîí, àëþìèíèé) è êîãäà îí áîëåå æåñòêèé (íèêåëü, íèòðèä òèòàíà, êàðáèä âîëü-
ôðàìà), ÷åì ìàòåðèàë ïîëîñû. Âûÿâëåíî, ÷òî ÷åì ìÿã÷å ìàòåðèàë íàêëàäêè, òåì
ìåíüøå åãî âëèÿíèå íà ðàñêðûòèå òðåùèíû, ïðè÷åì óâåëè÷åíèå òîëùèíû íàêëàä-
êè äëÿ ìÿãêèõ ìàòåðèàëîâ íå ÿâëÿåòñÿ ñäåðæèâàþùèì ôàêòîðîì. Íàïðèìåð, â ñëó-
÷àå ìàòåðèàëîâ íàêëàäêè èç òåôëîíà è àëþìèíèÿ ôàêòîðû âëèÿíèÿ ïðè ðàññìîò-
ðåííûõ îòíîñèòåëüíûõ òîëùèíàõ ñîâïàäàþò ñ òî÷íîñòüþ äî 1%. Åñëè ìàòåðèàë
íàêëàäêè áîëåå æåñòêèé, ÷åì ìàòåðèàë ïîëîñû, íàêëàäêà îêàçûâàåò ñäåðæèâàþùåå
âëèÿíèå, ïðè÷åì ÷åì áîëüøå åå òîëùèíà, òåì áîëüøå âëèÿíèå.

Äëÿ ñðàâíåíèÿ âëèÿíèÿ òîëùèíû íàêëàäêè èç áîëåå ìÿãêîãî ìàòåðèàëà (àëþ-
ìèíèé) è áîëåå æåñòêîãî ìàòåðèàëà (âîëüôðàì) ïðåäñòàâëåíû ðåçóëüòàòû íà ðèñ. 3
è 4 ñîîòâåòñòâåííî. Àíàëèç ðåçóëüòàòîâ ïîçâîëÿåò ñäåëàòü âûâîä, ÷òî áîëåå ìÿãêèé
ïî ñðàâíåíèþ ñ ìàòåðèàëîì ïîäëîæêè ìàòåðèàë íàêëàäêè ïðèâîäèò ê íåáîëüøîìó
ñäåðæèâàíèþ êîíöåíòðàöèè íàïðÿæåíèé ó âåðøèíû òðåùèíû (ñì. ðèñ. 3), áîëåå
æåñòêèé óñèëèâàåò ýôôåêò ñäåðæèâàíèÿ ðàñêðûòèÿ òðåùèíû (ñì. ðèñ. 4).
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Âûâîäû

Öåëü èññëåäîâàíèÿ − îïðåäåëåíèå çíà÷åíèé ôàêòîðà âëèÿíèÿ (ïðèâåäåííîãî
êîýôôèöèåíòà èíòåíñèâíîñòè íàïðÿæåíèé â îêðåñòíîñòè âåðøèí òðåùèíû) â êàæ-
äîì êîíêðåòíîì ñëó÷àå. Ïðîâåäåí àíàëèç âëèÿíèÿ ãåîìåòðè÷åñêèõ è ôèçè÷åñêèõ
ïàðàìåòðîâ çàäà÷è íà âåëè÷èíó èññëåäóåìîãî ïàðàìåòðà.

Óñòàíîâëåíî:
− óâåëè÷åíèå òîëùèíû è æåñòêîñòè ïîêðûòèÿ âåäåò ê ñíèæåíèþ ôàêòîðà âëèÿ-

íèÿ;
− óâåëè÷åíèå äëèíû òðåùèíû èëè óìåíüøåíèå øèðèíû ïîëîñû âûçûâàåò óâå-

ëè÷åíèå ôàêòîðà âëèÿíèÿ.
Â ïðåäåëüíîì ñëó÷àå îòñóòñòâèÿ ïîêðûòèÿ ðåçóëüòàòû ñîâïàäàþò ñ èìåþùè-

ìèñÿ â ëèòåðàòóðå äàííûìè [21].
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EQUILIBRIUM LONGITUDINAL INTERNAL CRACK
IN A STRIP WITH A THIN COATING

Sobol B.V., Rashidova E.V., Petrenkova S.B.

Don State Technical University, Rostov-on-Don, Russian Federation

The static problem of the theory of elasticity on stress concentration in the vicinity of tips of an
internal crack of finite length in a strip reinforced with a thin flexible coating is considered. The
crack is located parallel to the boundaries of the strip, its sides do not interact. The problem is
symmetric with respect to the crack line. The study is based on the method of integral transformations,
which made it possible to reduce the problem to the solution of a singular integral equation of the
first kind with a Cauchy kernel. As a model of the coating, special boundary conditions were used,
formulated based on an asymptotic analysis of the solution of the problem for a thin elastic strip
whose bending stiffness can be neglected. The regular part of the kernel is investigated depending
on the ratio of the physical characteristics of the strip and coating materials, as well as such geometric
parameters as the size of the crack and the thickness of the strip and coating. The solution of the
integral equation is constructed by the collocation method in the form of an expansion in terms of
Chebyshev polynomials with a pre-selected singularity. The convergence of the method is analyzed
depending on the ratio of the values of the parameters of the problem. The values of the influence
factor, the reduced intensity factor of normal stresses in the neighborhood of crack tips for various
combinations of geometric and physical parameters of the problem are obtained. In particular, it
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was found, that increasing the thickness and hardness of the coating leads to a decrease in the
magnitude of the influence factor. Increasing the length of the crack or decreasing the width of the
strip entails an increase in the magnitude of the influence factor. We consider certain special cases
of the problem under consideration. In particular, in the absence of coverage, the results are compared
with the data available in the literature.

Keywords: crack, thin flexible coating, stress intensity factor, influence factor, integral transformation
method, collocation method, singular integral equation, Cauchy kernel.


