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Èñòîðèÿ ìàòåðèàëîâåäåíèÿ êîìïîçèòîâ (êîìïîçèòîâåäåíèÿ), íà÷àâøàÿñÿ ðîæäåíèåì íàíîñòðóêòóðèðîâàííûõ âîëî-
êîí, ãðàôèòîâûõ è áîðíûõ, ïðåäîñòàâëÿåò íåïðåðûâíûé ðÿä ïðèìåðîâ ðîäñòâà òåõíîëîãèè êîìïîçèòîâ è íàíîòåõíîëî-
ãèé. Íàíîñòðóêòóðû âîëîêíà, ìàòðèöû è ãðàíèöû ðàçäåëà âî ìíîãîì îïðåäåëÿþò óíèêàëüíûå õàðàêòåðèñòèêè êîìïîçè-
òîâ. Îñîçíàíèå è ïîíèìàíèå ýòîãî � íåîáõîäèìûé ýòàï íàêàíóíå íîâîãî ñêà÷êà õàðàêòåðèñòèê êîíñòðóêöèîííûõ êîìïî-
çèòîâ è ïîÿâëåíèÿ íîâîãî ðàçíîîáðàçèÿ òåõíîëîãèé ïîëó÷åíèÿ êîìïîçèòîâ è êîìïîçèòíûõ êîíñòðóêöèé. Ïðåäëàãàþòñÿ
ëèøü íåêîòîðûå èç ïðèìåðîâ óêàçàííîãî âûøå ðîäà, ïðîäîëæåíèå � àâòîð íàäååòñÿ � ïîñëåäóåò â âèäå íîâûõ äîñòèæå-
íèé êîìïîçèòîâåäåíèÿ è íàíîòåõíîëîãèé (c. 6�37; èë. 30).

Àíòîíè Êåëëè
Èíæåíåðíûé òðèóìô óãëåâîëîêîí ......................................................................................................... 38

Âîëîêíèñòûå êîìïîçèòíûå ìàòåðèàëû áûëè õîðîøî èçâåñòíû åù¸ ñî âðåì¸í Âòîðîé ìèðîâîé âîéíû, îäíàêî èõ
âëèÿíèå íà òåõíè÷åñêóþ ïîëèòèêó â òå ãîäû áûëî íåçíà÷èòåëüíûì èç-çà îòñóòñòâèÿ æ¸ñòêèõ è ãèáêèõ âîëîêîí. Ñèòóàöèÿ
ïðèíöèïèàëüíî èçìåíèëàñü â íà÷àëå 1960-õ ãã.; ýòè èçìåíåíèÿ, à òàêæå ëþäè, ñ êîòîðûìè ñâÿçàíî èçîáðåòåíèå óãëåâîëîê-
íà (ñ íèìè àâòîð áûë ëè÷íî çíàêîì), îïèñàíû è óïîìÿíóòû â íàñòîÿùåé ñòàòüå. Òðåáóåìàÿ æ¸ñòêîñòü êîìïîçèòîâ
âïîëíå ïîíÿòíà, è ïîíÿòíî òàêæå, êàê îíà èñïîëüçóåòñÿ â èíæåíåðíîé ïðàêòèêå. Ïðîáëåìà òðåùèíîñòîéêîñòè êîìïîçè-
òîâ ìåíåå ïîíÿòíà. Êðàòêî îïèñàíû âïå÷àòëÿþùèå òåõíè÷åñêèå îáúåêòû, ñîîðóæ¸ííûå èç êîìïîçèòíûõ ìàòåðèàëîâ.
Èñïîëüçîâàíèå êîìïîçèòîâ â ñàìîë¸òàõ À380 è «Áîèíã-787» � òàêæå ïðåäìåò íàñòîÿùåé ñòàòüè. Îïèñàíû ïðîáëåìû,
âîçíèêàþùèå â ðàáîòå ñ êîìïîçèòàìè, è âîçìîæíûå èõ ðåøåíèÿ (c. 38�49; èë. 9).
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Öèðêîíàòû è ãàôíàòû ëàíòàíà è íåîäèìà ÿâëÿþòñÿ ïåðñïåêòèâíûìè ìàòåðèàëàìè äëÿ íàíåñåíèÿ òåðìîáàðüåðíûõ
ïîêðûòèé. Îïèñàíî ïîëó÷åíèå âûñîêîäèñïåðñíûõ La
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. Ñèíòåç îñóùåñòâëÿëñÿ ìåòî-

äàìè ãèäðîòåðìàëüíîãî è âûñîêîòåìïåðàòóðíîãî ñàìîðàñïðîñòðàíÿþùåãîñÿ ñèíòåçà. Ñîñòàâ è ñòåïåíü ÷èñòîòû ñèí-
òåçèðîâàííûõ ñîåäèíåíèé óñòàíîâëåíû ìåòîäîì ëàçåðíîé ìàññ-ñïåêòðîìåòðèè. Òîïîãðàôèÿ ïîðîøêîâ îïðåäåëÿ-
ëàñü ñ ïîìîùüþ îïòè÷åñêîé ìèêðîñêîïèè âûñîêîãî ðàçðåøåíèÿ, à ìèêðîñòðóêòóðà � ìåòîäàìè ñêàíèðóþùåé è
ïðîñâå÷èâàþùåé ýëåêòðîííîé ìèêðîñêîïèè ñ ìèêðîäèôðàêöèåé. Òåðìè÷åñêàÿ ñòàáèëüíîñòü ñîåäèíåíèé èññëåäîâà-
íà ìåòîäîì ÒÃÀ/ÄÑÊ/ÄÒÀ è èçîòåðìè÷åñêèì îòæèãîì ïðè òåìïåðàòóðå 700 °Ñ â òå÷åíèå 1�30 ÷ ñ ïîñëåäóþùèì
ðàñ÷¸òîì ðàçìåðà êðèñòàëëèòîâ ïî äàííûì ÐÔÀ. Âåùåñòâà áûëè àïðîáèðîâàíû â êà÷åñòâå êîìïîíåíòîâ çàùèòíûõ
ïîêðûòèé (c. 50�58; èë. 6).
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Ñæèìàåìîñòü «ëåñà» óãëåðîäíûõ íàíîòðóáîê îöåíèâàåòñÿ ñ ïîìîùüþ òåîðèè ñæèìàåìîñòè âîëîêíèñòîãî ìàòåðèà-
ëà, ó÷èòûâàþùåé ñîïðîòèâëåíèå íàíîòðóáîê èçãèáó, ñëó÷àéíóþ îðèåíòàöèþ è ìíîæåñòâåííûå êîíòàêòû ìåæäó íàíî-
òðóáêàìè «ëåñà». Ðàññ÷èòàííàÿ äèàãðàììà ñæàòèÿ èñïîëüçóåòñÿ äëÿ îöåíêè äàâëåíèÿ, íåîáõîäèìîãî äëÿ äîñòèæåíèÿ
çàäàííîé îáú¸ìíîé äîëè âîëîêíà â êîìïîçèòå, àðìèðîâàííîì óãëåðîäíûìè âîëîêíàìè ñ «ëåñîì» íàíîòðóáîê íà
ïîâåðõíîñòè âîëîêíà (c. 59�64; èë. 4).
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out by means of hydrothermal and high-temperature self-propagating synthesis methods. The composition and purity of the

synthesized compounds were investigated by laser mass-spectrometry method. Powders topography was investigated by

means of high resolution optical microscopy; microstructure - by means of  SEM, TEM. The thermal stability of the materials
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S.V.Lomov, A.Godara, A.Warrier
Compressibility of a nanotube «forest» ........................................................................................................ 59

Compressibility of a carbon nanotubes «forest» is evaluated using a theory of compression of fibrous assemblies. The latter

accounts for bending resistance of the nanotubes, their random orientation and multiple contacts between the nanotubes in the

«forest». The compression diagram is used for estimation of the pressure needed to achieve a given fibre volume fraction in a

composite, reinforced with carbon fibres with a nanotube forest on their surface (p. 59�64; fig. 4).


