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Ïðåäñòàâëåíî èñïîëüçîâàíèå óãëåïëàñòèêà â êà÷åñòâå ìàòåðèàëà â íîâåéøèõ êîíñòðóêöèÿõ 

àâèàöèîííîé  è  ðàêåòíî-êîñìè÷åñêîé  òåõíèêè  (ÀÐÊÒ),  ÷òî  ïîçâîëèò  ïîâûñèòü  ðåñóðñ,  ýôôåêòèâ-
íîñòü ïðèìåíåíèÿ òîïëèâà, æåñòêîñòü êîíñòðóêöèè, êîððîçèîííóþ ñòîéêîñòü è äðóãèå âàæíûå 
òåõíè÷åñêèå õàðàêòåðèñòèêè. Îïðåäåëåíà íåîáõîäèìîñòü ðàçðàáîòêè èíæåíåðíûõ ìåòîäîâ ðàñ-
÷åòà è ïðîãíîçèðîâàíèÿ ñîïðîòèâëåíèÿ âíåøíèì âîçäåéñòâèÿì äëÿ ìàêñèìàëüíîé ðåàëèçàöèè ìå-
õàíè÷åñêèõ ñâîéñòâ óãëåïëàñòèêà â ýëåìåíòàõ êîíñòðóêöèé. Ïðåäëîæåíà ðàñ÷åòíî-àíàëèòè÷åñêàÿ 
ìîäåëü, ïîçâîëÿþùàÿ íà îñíîâå ñîîòíîøåíèé òåîðèè ñëîèñòûõ ïëàñòèí è àïïðîêñèìàöèè êðèâîé 
äåôîðìèðîâàíèÿ îäíîíàïðàâëåííîãî ñëîÿ ïðè ñäâèãå â ïëîñêîñòè ñëîÿ ïðîãíîçèðîâàòü íåëèíåé-
íîå äåôîðìèðîâàíèå ñëîèñòîãî óãëåïëàñòèêà. Ïîëó÷åíû ÿâíûå ìàòðè÷íûå âûðàæåíèÿ äëÿ ìàòðèö 
æåñòêîñòè è ïîäàòëèâîñòè ïàêåòà, ïðåäñòàâëÿþùèå ñîáîé ïðîèçâåäåíèÿ ñîîòâåòñòâóþùèõ ìàòðèö 
óïðóãèõ õàðàêòåðèñòèê íà ìàòðèöû, ïîçâîëÿþùèå ïðîèçâîäèòü ó÷åò íåëèíåéíûõ ñâîéñòâ ïàêåòà. 
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Model of nonlinear deformation of carbon fiber reinforced plastics 
 

A. M. DUMANSKY 
Federal budget-funded research "Institute of Machines Science named after A. A. Blagonravova of RAS",  

Moscow, Russia 
 

A. N. RUSLANTSEV,  L. P. TAIROVA 
Moscow State Technical University named after N. E. Bauman, Moscow, Russia 

 
Use of carbon fiber reinforced plastics in advanced aviation and spacecraft structures provides 

increase of durability, fuel use efficiency, structure stiffness, corrosive resistance and other specifica-
tions. To attain maximal achievement of carbon fiber reinforced plastics (cfrp) mechanical properties 
the structure-phenomenological methods for prediction of environmental effects resistance is re-
quired. On the basis of classical lamination theory and analytical approximation of straining curve of 
unidirectional layer at shear plane layer shear stress-strain a calculated-analytical model allowing 
the prediction of nonlinear behavior of multidirectional cfrp was suggested. The explicit expressions 
for stiffness and compliance matrices representing the multiplication of the corresponding matrices of 
the elastic properties by correcting matrices allowing nonlinear properties to be taken into account. 
 
Keywords: layered carbon reinforced plastic, model of nonlinear straining, classical lamination theory, compliance ma-

trix, stiffness matrix. 
 
 
 

 614.84 
 
×èñëåííîå ìîäåëèðîâàíèå ïîâåäåíèÿ ñòàëüíûõ ñòðîèòåëüíûõ  
êîíñòðóêöèé â óñëîâèÿõ âûñîêîòåìïåðàòóðíîãî âîçäåéñòâèÿ 

 
. .    

  "    ", ,   
 

Ïðåäñòàâëåíà îöåíêà äîñòîâåðíîñòè ÷èñëåííîãî ìîäåëèðîâàíèÿ ïîâåäåíèÿ ñòàëüíîé êîëîííû 
êîðîá÷àòîãî ñå÷åíèÿ ñ ó÷åòîì íàëè÷èÿ è îòñóòñòâèÿ îãíåçàùèòíîãî ïîêðûòèÿ â óñëîâèÿõ âûñîêî-
òåìïåðàòóðíîãî âîçäåéñòâèÿ. Íà ïåðâîì ýòàïå íà îñíîâå èñïîëüçîâàíèÿ ïðîãðàììíîãî êîìïëåê-
ñà (ÏÊ) ANSYS îöåíåíû ðåçóëüòàòû, ïîëó÷åííûå ïðè ðåøåíèè òåïëîôèçè÷åñêîé è ïðî÷íîñòíîé 
çàäà÷, è ðåçóëüòàòû íàòóðíûõ îãíåâûõ èñïûòàíèé, íà âòîðîì — âûÿâëåíî âëèÿíèå òîëùèíû îãíå-
çàùèòíîãî ïîêðûòèÿ íà îãíåñòîéêîñòü ñòàëüíîé êîëîííû. Ðàçðàáîòàí ðÿä ïîäïðîãðàìì (íà ÿçûêå 
ïðîãðàììèðîâàíèÿ ANSYS Parametric Design Language (APDL)), ïîçâîëÿþùèõ çà ñ÷åò èçìåíåíèÿ 
ãåîìåòðè÷åñêèõ õàðàêòåðèñòèê êîëîííû è îãíåçàùèòíîãî ïîêðûòèÿ, à òàêæå òåïëîôèçè÷åñêèõ õà-
ðàêòåðèñòèê ïîêðûòèÿ ïðîèçâîäèòü ðàñ÷åò îãíåñòîéêîñòè ñòàëüíûõ êîëîíí. 
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