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Òåîðèÿ äëèòåëüíîé ïîâðåæäàåìîñòè îäíîðîäíîãî ìàòåðèàëà îáîáùåíà íà 
ñëó÷àé îðòîòðîïíîãî âîëîêíèñòîãî êîìïîçèòíîãî ìàòåðèàëà ñòîõàñòè÷åñ-
êîé ñòðóêòóðû. Â îñíîâó òåîðèè ïîëîæåíû óðàâíåíèÿ ìåõàíèêè ìèêðîíåîä-
íîðîäíûõ ñðåä òàêîé ñòðóêòóðû. Ïðîöåññ ïîâðåæäàåìîñòè êîìïîíåíòîâ 
êîìïîçèòà ìîäåëèðóåòñÿ îáðàçîâàíèåì ñòîõàñòè÷åñêè ðàñïîëîæåííûõ ìèêðî-
ïîð. Êðèòåðèé ðàçðóøåíèÿ åäèíè÷íîãî ìèêðîîáúåìà õàðàêòåðèçóåòñÿ åãî 
äëèòåëüíîé ïðî÷íîñòüþ, îïðåäåëÿåìîé çàâèñèìîñòüþ âðåìåíè õðóïêîãî ðàçðó-
øåíèÿ îò ñòåïåíè áëèçîñòè ýêâèâàëåíòíîãî íàïðÿæåíèÿ ê åãî ïðåäåëüíîìó 
çíà÷åíèþ, õàðàêòåðèçóþùåìó êðàòêîâðåìåííóþ ïðî÷íîñòü ïî êðèòåðèþ Ãó-
áåðà – Ìèçåñà, êîòîðîå ïðèíèìàåòñÿ ñëó÷àéíîé ôóíêöèåé êîîðäèíàò. Ýôôåê-
òèâíûå äåôîðìàòèâíûå ñâîéñòâà è íàïðÿæåííî-äåôîðìèðîâàííîå ñîñòîÿíèå 
îðòîòðîïíîãî âîëîêíèñòîãî êîìïîçèòà ñ ìèêðîïîâðåæäåíèÿìè â êîìïîíåí-
òàõ îïðåäåëÿþòñÿ íà îñíîâå ñòîõàñòè÷åñêèõ óðàâíåíèé óïðóãîñòè îðòî-
òðîïíûõ ñðåä. Äëÿ çàäàííûõ ìàêðîíàïðÿæåíèé èëè ìàêðîäåôîðìàöèé è ïðî-
èçâîëüíîãî ìîìåíòà âðåìåíè ñôîðìóëèðîâàíû óðàâíåíèÿ áàëàíñà ïîâðåæäåí-
íîñòè (ïîðèñòîñòè) êîìïîíåíòîâ. Íà îñíîâå ìåòîäà èòåðàöèé ïîñòðîåíû 
àëãîðèòìû âû÷èñëåíèÿ çàâèñèìîñòåé ìèêðîïîâðåæäàåìîñòè êîìïîíåíòîâ 
îðòîòðîïíîãî âîëîêíèñòîãî ìàòåðèàëà îò âðåìåíè, ìàêðîíàïðÿæåíèé èëè 
ìàêðîäåôîðìàöèé îò âðåìåíè, à òàêæå ïîëó÷åíû ñîîòâåòñòâóþùèå êðèâûå 
â ñëó÷àå îãðàíè÷åííîé ôóíêöèè äëèòåëüíîé ìèêðîïðî÷íîñòè, àïïðîêñèìèðó-
åìîé ýêñïîíåíöèàëüíûì çàêîíîì. 
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Òåîð³þ äîâãîòðèâàëî¿ ì³êðîïîøêîäæóâàíîñò³ äëÿ îäíîð³äíèõ ìàòåð³àë³â, â îñíîâó 
ÿêî¿ ïîêëàäåíî ð³âíÿííÿ ìåõàí³êè ñòîõàñòè÷íî íåîäíîð³äíèõ ñåðåäîâèù, óçàãàëü-
íåíî íà âèïàäîê êîìïîçèòà ç îðòîòðîïíèìè âîëîêíàìè. Ïðîöåñ ïîøêîäæóâàíîñ-
ò³ êîìïîíåíò³â êîìïîçèòà ìîäåëþºòüñÿ óòâîðåííÿì ó íèõ ñòîõàñòè÷íî ðîçì³-
ùåíèõ ì³êðîïîð. Êðèòåð³é ðóéíóâàííÿ îäèíè÷íîãî ì³êðîîá’ºìó õàðàêòåðèçóºòü-
ñÿ éîãî äîâãîòðèâàëîþ ì³öí³ñòþ, îáóìîâëåíîþ çàëåæí³ñòþ ÷àñó êðèõêîãî ðóéíó-
âàííÿ â³ä ñòóïåíÿ áëèçüêîñò³ åêâ³âàëåíòíîãî íàïðóæåííÿ äî éîãî ãðàíè÷íîãî çíà-
÷åííÿ, ùî õàðàêòåðèçóº êîðîòêî÷àñíó ì³öí³ñòü çà êðèòåð³ºì Ãóáåðà – Ì³çåñà, 
ÿêå ïðèéìàºòüñÿ âèïàäêîâîþ ôóíêö³ºþ êîîðäèíàò. Åôåêòèâí³ äåôîðìàòèâí³ 
âëàñòèâîñò³ òà íàïðóæåíî-äåôîðìîâàíèé ñòàí îðòîòðîïíîãî êîìïîçèòà ç ì³ê-
ðîïîøêîäæåííÿìè â êîìïîíåíòàõ âèçíà÷àþòüñÿ íà îñíîâ³ ñòîõàñòè÷íèõ ð³âíÿíü 
ïðóæíîñò³ îðòîòðîïíèõ ñåðåäîâèù. Äëÿ çàäàíèõ ìàêðîíàïðóæåíü àáî ìàêðîäå-
ôîðìàö³é ³ äîâ³ëüíîãî ìîìåíòó ÷àñó ñôîðìóëüîâàíî ð³âíÿííÿ áàëàíñó ïîøêîäæå-
íîñò³ (ïîðèñòîñò³) êîìïîíåíò³â. Çàëåæíîñò³ ìàêðîíàïðóæåííÿ – ìàêðîäåôîðìà-
ö³¿ ìàòåð³àëó ç îðòîòðîïíèìè âîëîêíàìè ³ ð³âíÿííÿ áàëàíñó ïîðèñòîñò³ êîìïî-
íåíò³â îïèñóþòü çâ’ÿçàí³ ïðîöåñè äåôîðìóâàííÿ ³ òðèâàëî¿ ïîøêîäæóâàíîñò³ 
êîìïîçèòà, ùî â³äáóâàþòüñÿ ó ÷àñ³. Íà îñíîâ³ ³òåðàö³éíîãî ìåòîäó ïîáóäîâàíî àë-
ãîðèòìè îá÷èñëåííÿ çàëåæíîñòåé ì³êðîïîøêîäæóâàíîñò³ êîìïîíåíò³â âîëîêíèñ-
òîãî ìàòåð³àëó â³ä ÷àñó, ìàêðîíàïðóæåíü àáî ìàêðîäåôîðìàö³é â³ä ÷àñó, à òàêîæ 
îòðèìàíî â³äïîâ³äí³ êðèâ³ äëÿ âèïàäêó íåîáìåæåíî¿ ôóíêö³¿ òðèâàëî¿ ì³êðîì³ö-
íîñò³, ÿêà àïðîêñèìóºòüñÿ åêñïîíåíö³àëüíèì çàêîíîì.  
 
DAMAGEABILITY OF MATERIAL STRENGTHENED BY UNIDIRECTIONAL ORTHOTROPIC 
FIBRES FOR EXPONENTIAL FUNCTION OF MICRODURABILITY  
 
The theory of long-term damageability for homogeneous materials is generalized on a 
case of orthotropic fibres composite material of stochastic structure. The equations of 
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mechanics of micro non-uniform media of stochastic structure are taken as basic. The 
process of damageability of components of a composite is modeled by appearance of 
stochastically located micropores. The criterion of destruction of individual microvo-
lume is characterized by its long-term durability determined by time dependence of 
fragile destruction on the degree of closeness of equivalent stress to its limiting value, 
describing the short-term durability by the Huber – Mises criterion which is accepted as 
a stochastic function of coordinates. Effective deformative properties and stress-strain 
state of an orthotropic composite with microdamages in components are determined on 
the basis of stochastic equations of elasticity of orthotropic fibres media. For the given 
macrostresses or macrodeformations and for any moment of time the equations of ba-
lance of damageability (porosity) of components are formulated. Dependences of macro-
deformations for orthotropic fibres composite and the equations of balance of porosity 
of components describe the joint processes of deformation and long-term damageability 
of the composite, occurring in time. On the basis of iteration method an algorithm of 
calculation of dependences of microdamageability of components of orthotropic fibres 
material on time, macrostresses or macrodeformations on time are constructed, and also 
corresponding curves are obtained for the case of exponential function of microdurabi-
lity. 
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