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Âïåðâûå ïðîâåäåíû ñèñòåìàòè÷åñêèå èñïûòàíèÿ íà âûñîêîòåìïåðàòóðíóþ ïîëçó÷åñòü îêñèä-îê-
ñèäíûõ êîìïîçèòîâ ñ ìîíîêðèñòàëëè÷åñêèìè âîëîêíàìè, ïîëó÷àåìûìè ìåòîäîì âíóòðåííåé êðèñ-
òàëëèçàöèè (ÌÂÊ). Ñèñòåìàòèêà îáåñïå÷åíà àíàëèçîì ðåçóëüòàòîâ ñ èñïîëüçîâàíèåì ðàçðàáîòàííûõ
ðàíåå ìîäåëåé ïîëçó÷åñòè êîìïîçèòîâ. Ïîêàçàíî, ÷òî ïðè òåìïåðàòóðàõ 1200 - 1400 °Ñ ðåàëèçóåòñÿ äâà
îñíîâíûõ ìåõàíèçìà - ïîëçó÷åñòü ñ óïðóãî äåôîðìèðóþùèìèñÿ âîëîêíàìè è ïðîöåññ, â êîòîðîì âî-
ëîêíà, äðîáÿñü, äîñòèãàþò íåêîòîðîé ðàâíîâåñíîé äëèíû, ïðè ýòîì ñêîðîñòü ïîëçó÷åñòè îêàçûâàåòñÿ
ïîñòîÿííîé. Íàèáîëåå âàæíûì âûâîäîì ýòîé ðàáîòû ÿâëÿåòñÿ òî, ÷òî èññëåäîâàííûå ìàòåðèàëû íà
îñíîâå ìîíîêðèñòàëëè÷åñêèõ ãðàíàòîâûõ âîëîêîí èìåþò âåðõíþþ òåìïåðàòóðó èñïîëüçîâàíèÿ, ïðå-
âûøàþùóþ òàêîâóþ äëÿ îêñèä-îêñèäíûõ êîìïîçèòîâ ñ ëó÷øèìè ïîëèêðèñòàëëè÷åñêèì âîëîêíàìè íà
100 °Ñ. Äàëüíåéøåå ñîâåðøåíñòâîâàíèå òåõíîëîãèè ïîëó÷åíèÿ ÌÂÊ-âîëîêîí è êîìïîçèòîâ íà èõ îñ-
íîâå óâåëè÷èò óêàçàííîå ïðåèìóùåñòâî äî, ïî êðàéíåé ìåðå, 200 °Ñ (c. 7-20; èë. 13).
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ïðåâðàùåíèåì óãëåðîäà ñ ïîìîùüþ ãàçîôàçíûõ ðåàêöèé CVR ...........................21

Êåðàìèêè íà îñíîâå êàðáèäà êðåìíèÿ, êàê âûñîêîòåìïåðàòóðíûå êîíñòðóêöèîííûå ìàòåðèàëû, îá-
ëàäàþò öåëûì ðÿäîì äîñòîèíñòâ, â òîì ÷èñëå � âûñîêîé òåìïåðàòóðîé ïëàâëåíèÿ, ìàëîé ïëîòíîñòüþ,
âûñîêèìè âåëè÷èíàìè ìîäóëÿ óïðóãîñòè, ïðî÷íîñòè è ñîïðîòèâëåíèÿ ïîëçó÷åñòè, æàðîñòîéêîñòè è
ñîïðîòèâëåíèÿ èçíîñó. Ýòè îòëè÷íûå õàðàêòåðèñòèêè îïðåäåëè èñïîëüçîâàíèå SiC â êà÷åñòâå, êàê
ìàòðèöû, òàê è àðìèðóþùåãî ñðåäñòâà â ðàçëè÷íûõ âûñîêîòåìïåðàòóðíûõ ìàòåðèàëàõ. Íàñòîÿùàÿ ðà-
áîòà íàöåëåíà íà ïîëó÷åíèå êàðáèäà êðåìíèÿ â ðàçëè÷íûõ ôîðìàõ, â òîì ÷èñëå � â âèäå âîëîêíà,
ïóò¸ì ïðèìåíåíèÿ òåõíîëîãèè ãàçîôàçíûõ ðåàêöèé (CVR) ê ñîîòâåòñòâóþùèì ôîðìàì óãëåðîäà â òâåðäîé
ôàçå. Èññëåäîâàíî, â ÷àñòíîñòè, âëèÿíèå òåìïåðàòóðû, âðåìåíè ðåàêöèè è ìèêðîñòðóêòóðà èñõîäíîãî
óãëåðîäíîãî ìàòåðèàëà íà ïðåâðàùåíèå óãëåâîëîêîí â âîëîêíà êàðáèäà êðåìíèÿ. Ñòåïåíü ïðåâðàùå-
íèÿ ñóùåñòâåííî çàâèñèò îò ïðèðîäû èñõîäíîãî ìàòåðèàëà è åãî ìèêðîñòðóêòóðû. Îíè, óâåëè÷èâàþò-
ñÿ ñ óâåëè÷åíèåì òåìïåðàòóðû è ñòåïåíè ðåàêöèè. Ñòåïåíè ãðàôèòèçàöèè òàêæå óâåëè÷èâàþòñÿ ñ
óâåëè÷åíèå ñòåïåíè ïðåâðàùåíèÿ. Âîëîêíà SiC, ïîëó÷åííûå èç èçîòðîïíûõ óãëåâîëîêîí, íå èìåþò
òðåùèí, ñòåïåíè ïðåâðàùåíèÿ óãëåðîäà â êàðáèä êðåìíèÿ â ýòîì ñëó÷àå âûøå, ÷åì â ñëó÷àå ïðèìåíå-
íèÿ ÏÀÍ-óãëåâîëîêîí. Ñòåïåíü ïðåâðàùåíèÿ C → SiC è ðîñò íèòåâèäíûõ êðèñòàëëîâ íà ïîâåðõíîñòè
îêàçàëèñü ìåíüøå è ìåíåå âûðàæåííûìè, ñîîòâåòñòâåííî, äëÿ èçîòðîïíûõ óãëåðîä-óãëåðîäíûõ êîì-
ïîçèòîâ ïî ñðàâíåíèþ ñ òåì, ÷òî ïîëó÷àåòñÿ íà ãðàôèòå. Ìèêðîòðåùèíû â ïîëó÷àåìûõ âîëîêíàõ îáðà-
çóþòñÿ â ðåçóëüòàòå äåéñòâèÿ îêðóæíûõ íàïðÿæåíèé, âîçíèêàþùèõ âñëåäñòâèå ðàçíèöû êîýôôèöèåí-
òîâ ëèíåéíîãî ðàñøèðåíèÿ óãëåðîäà è êàðáèäà êðåìíèÿ.
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Ðàçðàáîòàíû òåõíîëîãè÷åñêèå cõåìû ïîëó÷åíèÿ êîìïîçèòíûõ ìàòåðèàëîâ óãëåðîäíûå íàíîò-
ðóáêè � êåðàìè÷åñêàÿ ìàòðèöà. Ñõåìû ðåàëèçîâàíû ïðè âûðàùèâàíèè íàíîòðóáîê â îáúåìå íà-
íîïîðîøêà îêñèäà àëþìèíèÿ èëè ïðè ïîëó÷åíèè ñìåñè íàíîòðóáîê ñ íàíîïîðîøêàìè êàðáèäîâ
âîëüôðàìà, íèîáèÿ è òàíòàëà ïåðåìåøèâàíèåì ñ ïîñëåäóþùèì ãîðÿ÷èì ïðåññîâàíèåì ïðè òåì-
ïåðàòóðàõ 1400 � 1700 îÑ. Ïîëó÷åííûå îáðàçöû ïðåäíàçíà÷åíû äëÿ èññëåäîâàíèÿ ìåõàíè÷åñêèõ
õàðàêòåðèñòèê, òåïëîïðîâîäíîñòè è ýëåêòðîïðîâîäíîñòè. Èññëåäîâàíà ìèêðîñòðóêòóðà îáðàç-
öîâ. Óñòàíîâëåíî, ÷òî â îáðàçöàõ ñ íàíîòðóáêàìè, ïîëó÷åííûìè â îáúåìå ïîðîøêà, ðàñïðåäåëå-
íèå íàíîòðóáîê äîñòàòî÷íî ðàâíîìåðíîå â îòëè÷èå îò îáðàçöîâ ñ ïåðåìåøèâàíèåì íàíîðóáîê è
ïîðîøêîâ. Îáíàðóæåí ðîñò çåðåí îêñèäà àëþìèíèÿ è êàðáèäîâ, ðîñò çåðåí òîðìîçèòñÿ â çîíàõ
êîíãëîìåðàòîâ íàíîòðóáîê (ñ. 30-39; èë. 7)

Ï.À.Áåëîâ , Ãîðäååâ
Ìîäåëèðîâàíèå ñâîéñòâ êîìïîçèöèîííîãî ìàòåðèàëà, àðìèðîâàííîãî
êîðîòêèìè âîëîêíàìè. Ó÷¸ò àäãåçèîííûõ âçàèìîäåéñòâèé ...............................40

Â ðàáîòå ïðåäëàãàåòñÿ ìîäåëü âîëîêíèñòîãî êîìïîçèòà, àðìèðîâàííîãî îäèíàêîâî îðèåí-
òèðîâàííûìè êîðîòêèìè âêëþ÷åíèÿìè ïðè ðàñòÿæåíèè â íàïðàâëåíèè àðìèðîâàíèÿ. Ìî-
äåëü ó÷èòûâàåò àäãåçèþ âîëîêíà è ìàòðèöû. Îïðåäåëåíèå ýôôåêòèâíûõ ñâîéñòâ îñóùåñòâ-
ëåíî íà îñíîâå ïðèáëèæåííîãî àíàëèòè÷åñêîãî ðåøåíèÿ â ðàìêàõ ïðîöåäóðû Â.Ç. Âëàñîâà.
Ïîëó÷åíî àíàëèòè÷åñêîå ñîîòíîøåíèå äëÿ ýôôåêòèâíîãî ìîäóëÿ ýêâèâàëåíòíîãî ãîìîãåííî-
ãî ìàòåðèàëà. Ïðèâîäèòñÿ ñðàâíåíèå ðåçóëüòàòîâ ðàñ÷åòà ýôôåêòèâíîãî ìîäóëÿ Þíãà ñ ðå-
çóëüòàòàìè äðóãèõ àâòîðîâ, ïîëó÷åííûõ ñ èñïîëüçîâàíèåì ìåòîäîâ êîìïüþòåðíîãî ìîäåëè-
ðîâàíèÿ. Àíàëèçèðóåòñÿ âîçìîæíîñòü èñïîëüçîâàíèÿ êëàññè÷åñêèõ ìîäåëåé òåîðèè óïðóãî-
ñòè äëÿ ìîäåëèðîâàíèÿ àäãåçèîííûõ âçàèìîäåéñòâèé, âëèÿþùèõ íà ñíèæåíèå ýôôåêòèâíûõ
ìîäóëåé êîìïîçèòîâ, äèñïåðñíî-àðìèðîâàííûõ êîðîòêèìè æåñòêèìè âêëþ÷åíèÿìè (óãëåðîä-
íûìè íàíîòðóáêàìè) (ñ. 40-46; èë. 3).

À.Ì. Êóïåðìàí

Ìåòîäû ïîëó÷åíèÿ âûñîêîïðî÷íûõ îðèåíòèðîâàííûõ ñòåêëîïëàñòèêîâ
èç ýëåìåíòàðíûõ âîëîêîí â ïðîöåññå èõ âûòÿãèâàíèÿ èç ôèëüåð
ñòåêëîïëàâèëüíîãî ñîñóäà. Íåðåàëèçîâàííûå âîçìîæíîñòè ..............................47

Â ðàáîòå ðàññìàòðèâàþòñÿ îñîáåííîñòè è âîçìîæíîñòè ìåòîäîâ ïîëó÷åíèÿ ñòåêëîâîëîê-
íèñòûõ àíèçîòðîïíûõ ìàòåðèàëîâ (ÑÂÀÌ), ñî÷åòàþùèõ ïðîöåññû âûòÿãèâàíèÿ ñòåêëÿííûõ
âîëîêîí èç ñòåêëîïëàâèëüíîãî ñîñóäà, ïðîïèòêè èõ ñâÿçóþùèì è ôîðìîâàíèÿ ñòåêëîøïîíà
èëè íàìîòêè íåïîñðåäñòâåííî ãîòîâîãî èçäåëèÿ. Ïåðèîäè÷åñêèé ìåòîä ÑÂÀÌ áûë ïîäðîá-
íî èçëîæåí â ëèòåðàòóðå 50-60-õ ãîäîâ ÕÕ âåêà, íåïðåðûâíûé ìåòîä è ìåòîä íàìîòêè èç
ïå÷è íå áûëè îïóáëèêîâàíû. Îäíàêî îíè âñå ïðîøëè îïûòíóþ ïðîâåðêó è ïîêàçàëè íåîñïî-
ðèìîå ïðåèìóùåñòâî ìàòåðèàëîâ ÑÂÀÌ ïî ñðàâíåíèþ ñ ëþáûìè àíàëîãàìè. Èçó÷åíèå ýòîãî
«èäåàëèçèðîâàííîãî» ïðîöåññà ïîçâîëèëî ïðîñëåäèòü âëèÿíèå ðàçëè÷íûõ ôàêòîðîâ â «÷èñ-
òûõ» óñëîâèÿõ, â ÷àñòíîñòè, áåç ïîâðåæäåíèÿ âîëîêîí è â îòñóòñòâèè çàìàñëèâàþùèõ ñîñòà-
âîâ, óñëîæíÿþùèõ óñëîâèÿ âçàèìîäåéñòâèÿ âîëîêîí è ñâÿçóþùåãî. Àâòîð íàäååòñÿ, ÷òî èç-
ëîæåííûé â ñòàòüå îïûò áóäåò ïîëåçíûì ïðè ðàçðàáîòêå íîâûõ òåõíîëîãè÷åñêèõ ïðîöåññîâ
ïîëó÷åíèÿ àðìèðîâàííûõ ïëàñòèêîâ (ñ. 47-64; èë. 9).
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host carbon and its microstructure. Results show that percentage of C to SiC conversion increases with increase in
temperature or reaction time. The degree of graphitization of the host carbon has also been found to increase the
conversion. SiC fibers made from isotropic carbon fibers have no crack and percentage SiC conversion is better than
that from PAN based carbon fibers. SiC conversion and whisker growth on the surface is found to be lower for
isotropic C/C composite as compared to that on graphite. The cracks are generated due to tensile hoop strength due
to the miss matching of coefficient of thermal expansions of two-phases, carbon and silicon carbide (p. 21-29; fig 9).
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Technological schemes to fabricate composite materials containing carbon nanotubes and ceramic matrices
have been developed. The first schem is based on hot pressing of a raw mixture of carbon nanotubes growthed
in alumina powder volume and alumina powder. The second scheme is based on hot pressing of a mixture of
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6

¹ 1
2010

Êîìïîçèòû è íàíîñòðóêòóðû
COMPOSITES and NANOSTRUCTURES

     ÈÔÒÒ ÐÀÍ «Êîìïîçèòû è íàíîñòðóêòóðû». 2010

shown that the first scheme used to prepare the raw mixture yields a rather homogeneous distribution of carbon
nanotubes in the material volume unlike the second one. The grains growth is observed but it is hampered in areas
of nanotubes clasters (p. 30-39; fig 7).

A.M.Kuperman
Methods for producing high-strength oriented glass fiber
reinforced plastics from the monofilaments spinning from
the spinnerets of a glass-melting unit. Open chances ..................................................47

The paper considers the features and potentials of the method for producing glass fiber reinforced polymers
in a continuous process combined (i) spinning glass monofilaments from a glass-melting unit; (ii) impregnating the
monofilaments with a binder; (iii) either formation of a glass veneer sheet or winding a final product. All these
stages were widely described in open publications in the 50th – 60th of the last century, while continuous methods
including that of winding directly after a furnace were not published. However all the methods were experimentally
tested and showed an undeniable advantage of the materials produced by such methods over any analogues
materials. The study of the «idealized» process enabled one to trace the effects of various factors in «pure»
fabrication conditions. In particular, monofilament arise in a polymer without any damage and sizing agents, which
complicates conditions of the fiber/matrix interaction. The author hopes that this experience can be useful in the
development of new fabrication technologies of FRP (p. 47-64; fig 9).


