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0.1. Êóðàíàêîâ Ä., ×åðíûé Ñ.Ã., Ëàïèí Â.Í., Åñè-
ïîâ Ä.Â. Òðåõìåðíàÿ ìîäåëü ðàñïðîñòðà-

íåíèÿ òðåùèí

Ðàçðàáîòàíà òðåõìåðíàÿ ìîäåëü ðàñïðîñòðàíåíèÿ
òðåùèí, âêëþ÷àþùàÿ ïîäìîäåëü íàïðÿæåííî-
äåôîðìèðîâàííîãî ñîñòîÿíèÿ (ÍÄÑ) ëèíåéíî-
óïðóãîé ñðåäû ñ òðåùèíàìè è ïîäìîäåëü êðèâîëè-
íåéíîãî ðîñòà òðåùèíû.
Ïîäçàäà÷à ÍÄÑ ñâîäèòñÿ ê ãðàíè÷íîìó èíòåãðàëü-
íîìó óðàâíåíèþ ñìåùåíèé (ÃÈÓÑ), êîòîðîå ÷èñëåí-
íî ðåøàåòñÿ ìåòîäîì ãðàíè÷íûõ ýëåìåíòîâ (ÌÃÝ)
[1]. Îäíàêî ïðè íàëè÷èè â òåëå íåðåãóëÿðíûõ ãðà-
íèö � òðåùèí � êëàññè÷åñêèé ÌÃÝ íå ïðèìåíèì.
Äëÿ ðåøåíèÿ òàêèõ çàäà÷ ïðèìåíÿåòñÿ ìîäèôèêà-
öèÿ ÌÃÝ � äóàëüíûé ÌÃÝ (ÄÌÃÝ) [2]. Ñóòü ÄÌÃÝ
çàêëþ÷àåòñÿ â êîíñòðóèðîâàíèè äîïîëíèòåëüíîãî
ãðàíè÷íîãî èíòåãðàëüíîãî óðàâíåíèå íàïðÿæåíèé
(ÃÈÓÍ). ÃÈÓÍ ñîäåðæèò èíòåãðàëû áîëåå âûñîêî-
ãî ïîðÿäêà ïî ñðàâíåíèþ ñ ÃÈÓÑ è ïîíèìàþòñÿ â
ñìûñëå ãëàâíîãî çíà÷åíèÿ Àäàìàðà. Äëÿ ýôôåêòèâ-
íîãî âû÷èñëåíèÿ èíòåãðàëîâ Àäàìàðà â ðàáîòå èñ-
ïîëüçóåòñÿ ìåòîä âûäåëåíèÿ ñèíãóëÿðíîñòè.
Â êà÷åñòâå ìîäåëè ðîñòà òðåùèíû èñïîëüçóåòñÿ
êðèòåðèé Ïýðèñà-Ýðäîãàíà. Ýòîò êðèòåðèé äàåò ñî-
îòíîøåíèå ìåæäó ñêîðîñòüþ ðîñòà òðåùèíû è êî-
ýôôèöèåíòîì èíòåíñèâíîñòè íàïðÿæåíèé (ÊÈÍîì)
ìîäû I. Óãîë ïîâîðîòà òðåùèíû âû÷èñëÿåòñÿ èç
óñëîâèÿ íà ÊÈÍ ìîäû II. Äëÿ âûïîëíåíèÿ ýòîãî
óñëîâèÿ ïðèìåíåíû äâà ÷èñëåííûõ ìåòîäà. Ïåðâûé
ìåòîä ñâîäèòñÿ ê ÿâíîìó âû÷èñëåíèþ óãëà ïî ôîð-
ìóëå Ýðäîãàíà-Ñè íà òåêóùåì øàãå ïðèðàùåíèÿ. Âî
âòîðîì ìåòîäå óñëîâèå ïîäáèðàåòñÿ èòåðàöèîííî íà
ñëåäóþùåì øàãå ïðèðàùåíèÿ. ÊÈÍû âû÷èñëÿþòñÿ
ñ ïîìîùüþ èíòåðïîëÿöèîííûõ ôîðìóë äëÿ ðàçðûâà
ñìåùåíèé âáëèçè ôðîíòà.
Ðåøåíà çàäà÷à ðàñïðîñòðàíåíèÿ íàêëîííîé òðåùè-
íû è åå ïåðåîðèåíòàöèÿ â íàïðàâëåíèå ïðåäïî÷òè-
òåëüíîãî ðàñïðîñòðàíåíèÿ. Â ïëîñêîì ñëó÷àå ïîêà-
çàíà òðàíñôîðìàöèÿ òðåùèíû ïðîèçâîëüíîé ôîð-
ìû â êðóãëóþ. Ïîêàçàíî âçàèìîäåéñòâèå äâóõ ïà-
ðàëëåëüíûõ òðåùèí � èõ âçàèìíîå îòòàëêèâàíèå.
Èññëåäîâàíèå âûïîëíåíî çà ñ÷åò ãðàíòà Ðîññèéñêî-
ãî íàó÷íîãî ôîíäà (ïðîåêò � 14-11-00234)

Ñïèñîê ëèòåðàòóðû

[1] Alekseenko O.P., Potapenko D. I.,

Cherny S.G., Esipov D.V., Kuranakov D. S.,

Lapin V.N. 3D Modeling of fracture initiation
from perforated non-cemented wellbore // SPE
J. � 2013. � Vol. 18, No. 3, P. 589�600.

[2] Portela A., Aliabadi M.H., Rooke D.P.

The dual boundary element method: E�ective
implementation for crack problems // International
Journal for Numerical Methods in Engineering. �
1992. � Vol. 33, No. 6, P. 1269�1287.

1


