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ÐÂÌÏÍ 10-420-80 è ýïîêñèäíûõ ìàòðèö, â ñîñòàâ êîòîðûõ âõîäÿò ëèáî òåðìîðåàêòèâíàÿ ôóðàíîâàÿ ñìîëà
ÔÀ-5, ëèáî ïîëèñóëüôîí ÏÑÊ-1, ëèáî îáà ýòèõ êîìïîíåíòà ñîâìåñòíî. Ïîëó÷åííûå äàííûå ïîäòâåðæäàþò
ïåðñïåêòèâíîñòü èñïîëüçîâàíèÿ ýïîêñèïîëèñóëüôîíîâûõ ìàòðèö, ìîäèôèöèðîâàííûõ ôóðàíîâûì îëèãîìå-
ðîì, äëÿ èçãîòîâëåíèÿ êîìïîçèöèîííûõ ìàòåðèàëîâ. Ñîçäàííûå ãèáðèäíûå ìíîãîêîìïîíåíòíûå ñâÿçóþ-
ùèå ïîçâîëÿþò ñóùåñòâåííî ðàñøèðèòü òåõíîëîãè÷åñêèå âîçìîæíîñòè ìåòîäà íàìîòêè. Ââåäåíèå 10 ìàñ.
% ÔÀ-5 â ýïîêñèäíûå ñâÿçóþùèå, ñîäåðæàùèå ïîëèñóëüôîí, ïîçâîëÿåò çíà÷èòåëüíî ïîâûñèòü èõ òåõíîëî-
ãè÷íîñòü, ò.ê. â 2-3 ðàçà ñíèæàåòñÿ âÿçêîñòü è íà 20 °Ñ òåìïåðàòóðà ïåðåðàáîòêè. Ïðè ýòîì òðåùèíî- è
óäàðîñòîéêîñòü àðìèðîâàííûõ ïëàñòèêîâ çàìåòíî óâåëè÷èâàåòñÿ ïðàêòè÷åñêè áåç ñíèæåíèÿ òåìïåðàòóðû
ñòåêëîâàíèÿ. Ìàêñèìàëüíûé ýôôåêò îò ââåäåíèÿ ïîëèñóëüôîíà â ýïîêñèäíóþ ìàòðèöó íàáëþäàåòñÿ ïðè
äîáàâëåíèè áîëåå 20 ìàñ. % ÏÑÊ-1 (c. 77�87; èë. 3).

Â.Â.Âàñèëüåâ, C.À.Ëóðüå
ÇÀÄÀ×À Î ÒÐÅÙÈÍÅ Â ÎÄÍÎÍÀÏÐÀÂËÅÍÍÎÌ ÊÎÌÏÎÇÈÒÍÎÌ ÑËÎÅ .................................... 88
Ðàññìàòðèâàåòñÿ àðìèðîâàííûé â îäíîì íàïðàâëåíèè íåðàñòÿæèìûìè è àáñîëþòíî ãèáêèìè âîëîêíàìè

íåîãðàíè÷åííûé êîìïîçèòíûé ñëîé, èìåþùèé òðåùèíó êîíå÷íîé äëèíû â ìàòðèöå, ïàðàëëåëüíóþ âîëîê-
íàì, è ðàâíîìåðíî ðàñòÿãèâàåìûé â íàïðàâëåíèè, îðòîãîíàëüíîì òðåùèíå. Ñ èñïîëüçîâàíèåì êîìïëåêñ-
íûõ ïîòåíöèàëîâ ïîñòðîåíî ðåøåíèå, îïèñûâàþùåå ôîðìó ðàñêðûâàþùåéñÿ òðåùèíû è îïðåäåëÿþùåå
íàïðÿæåííîå ñîñòîÿíèå ñ òðàäèöèîííîé äëÿ êëàññè÷åñêîé òåîðèè óïðóãîñòè ñèíãóëÿðíîñòüþ ïåðåä êîí÷è-
êîì òðåùèíû. Ïîëó÷åíî ðåøåíèå àíàëîãè÷íîé çàäà÷è ñ ïîìîùüþ ñîîòíîøåíèé îáîáùåííîé òåîðèè óïðóãî-
ñòè [1, 2], êîòîðîå îïðåäåëÿåò äåôîðìèðîâàííóþ ôîðìó òðåùèíû, îòëè÷àþùóþñÿ îò ôîðìû, ñîîòâåòñòâó-
þùåé êëàññè÷åñêîé òåîðèè óïðóãîñòè è íå ÿâëÿþùååñÿ ñèíãóëÿðíûì â îòíîøåíèè íàïðÿæåíèé. Ïðåäëîæåí
ñïîñîá ýêñïåðèìåíòàëüíîãî îïðåäåëåíèÿ âõîäÿùåãî â óðàâíåíèÿ îáîáùåííîé òåîðèè ñòðóêòóðíîãî ïàðà-
ìåòðà è ïðåäñòàâëåíû ÷èñëåííûå ðåçóëüòàòû, îïðåäåëÿþùèå çàâèñèìîñòè ôîðìû äåôîðìèðîâàííîé òðå-
ùèíû è ðàñïðåäåëåíèÿ íàïðÿæåíèé â îêðåñòíîñòè òðåùèíû îò âåëè÷èíû ñòðóêòóðíîãî ïàðàìåòðà (ñ. 88�
98; èë. 5).

Â.À. Ùåðáàêîâ, À.Í. Ãðÿäóíîâ, À.Ì. Òåðåõèí, Í.Â. Ñà÷êîâà
ÂËÈßÍÈÅ ÍÀÍÎ×ÀÑÒÈÖ TIN  ÍÀ ÔÎÐÌÈÐÎÂÀÍÈÅ ÑÒÐÓÊÒÓÐÛ È ÑÂÎÉÑÒÂÀ
ÊÎÌÏÎÇÈÒÎÂ ÍÀ ÎÑÍÎÂÅ ZRB

2
-ZR ......................................................................................................99

Ñòàòüÿ ïîñâÿùåíà ïîëó÷åíèþ ìåòîäîì ÑÂÑ-êîìïàêòèðîâàíèÿ êåðàìè÷åñêèõ êîìïîçèòîâ íà îñíîâå ñèñ-
òåìû ZrB

2
–Zr ñ îñòàòî÷íîé ïîðèñòîñòüþ ìåíåå 1% è ðàçìåðîì ÷àñòèö ZrB

2
 ìåíåå 1 ìêì. Èçó÷åíî âëèÿ-

íèå íàíî÷àñòèö TiN íà ôîðìèðîâàíèå ìèêðîñòðóêòóðû êåðàìè÷åñêîãî êîìïîçèòà. Ïîêàçàíî, ÷òî ââåäåíèå
â ñîñòàâ ðåàêöèîííîé ñìåñè íàíî÷àñòèö TiN ïðèâîäèò ê ôîðìèðîâàíèþ äèñïåðñíîé ôàçû è êåðàìè÷åñêîé
ñâÿçêè â âèäå òâåðäûõ ðàñòâîðîâ (Zr,Ti)B

2
 è (Zr,Ti)N

x
 ñ ðàçìåðîì ÷àñòèö äèñïåðñíîé ôàçû ìåíåå 0,1 ìêì è

òâåðäîñòüþ 1700 - 2200 ÌÏà  (ñ. 99�109; èë. 9).

Â.Ò.Ñàïóíîâ
ÏÐÎ×ÍÎÑÒÜ, ÍÀÄÅÆÍÎÑÒÜ È ÄÎËÃÎÂÅ×ÍÎÑÒÜ ÊÎÌÏÎÇÈÒÎÂ
ÊÀÊ ÊÎÍÑÒÐÓÊÖÈÎÍÍÛÕ ÌÀÒÅÐÈÀËÎÂ ......................................................................................... 110
Ðàññìîòðåíû îñîáåííîñòè ïîâåäåíèÿ êîìïîçèòîâ ïîä íàãðóçêîé. Ïðåäëîæåí îáùèé ïîäõîä, ïîçâîëÿþùèé

ïðèíèìàòü â ðàññìîòðåíèå óêàçàííûå îñîáåííîñòè, Ðåàëèçàöèÿ ïîäõîäà äàåò âîçìîæíîñòü îöåíèòü ïðî÷-
íîñòü ïðè ðàçðóøåíèè, íàäåæíîñòü è äîëãîâå÷íîñòü ñòåêëîòåêñòîëèòîâ, èñïîëüçóåìûõ ïðè èçãîòîâëåíèè
íåêîòîðûõ ýëåìåíòîâ êîíñòðóêöèé  (ñ. 110�119).
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Ãðàôåí áûë ïîëó÷åí èç îêñè-ãðàôèòà, êîòîðûé, â ñâîþ î÷åðåäü, ñèíòåçèðîâàí ìîäèôèöèðîâàííûì ìåòîäîì

Õàììåðñà ñ èñïîëüçîâàíèåì â êà÷åñòâå èñõîäíîãî ìàòåðèàëà ÷åøóåê ïðèðîäíîãî ãðàôèòà. Ïðè ïîëó÷åíèè
ãðàôåíà èñïîëüçîâàíî òåðìè÷åñêîå ðàñùåïëåíèå âûñóøåííîãî îêñè-ãðàôèòà. Äàëåå ãðàôåí áûë èññëåäîâàí
ìåòîäàìè ñêàíèðóþùåé è ïðîñâå÷èâàþùåé ýëåêòðîííîé ìèêðîñêîïèè è ðåíòãåíî-ñòðóêòóðíîãî àíàëèçà.
Ãðàôåí-ýïîêñèäíûå íàíî-êîìïîçèòû ïîëó÷àëèñü ñ èñïîëüçîâàíèåì ìåòîäà ïåðåìåøèâàíèÿ ðàñòâîðîâ.
Âëèÿíèå ãðàôåíà íà òåðìè÷åñêóþ ñòàáèëüíîñòü è òåìïåðàòóðó ñòåêëîâàíèÿ èññëåäîâàíî òåðìî-
ãðàâèìåòðè÷åñêèì àíàëèçîì è äèôôåðåíöèàëüíîé ñêàíèðóþùåé êàëîðèìåòðèè (ÄÑÊ), ñîîòâåòñòâåííî.
Ïîêàçàíî, ÷òî âíåñåíèå ãðàôåíà â ýïîêñèäíûé ïîëèìåð ïðèâîäèò ê óâåëè÷åíèþ åãî òåìïåðàòóðû äåãðàäàöèè.
Ñîõðàíÿþùèåñÿ ôóíêöèîíàëüíûå ãðóïïû ãðàôåíà äåéñòâóþò êàê êàòàëèçàòîðû äëÿ ñøèâêè ýïîêñèäíûõ

öåïî÷åê, ÷òî ïîâûøàåò òåìïåðàòóðó ðàçëîæåíèÿ ìàòåðèàëà. ÄÑÊ-ðåçóëüòàòû ïîêàçûâàþò óâåëè÷åíèå
òåìïåðàòóðû ñòåêëîâàíèÿ îò 126î äëÿ èñõîäíîãî ýïîêñèäà äî 139î äëÿ ïîëèìåðà, ñîäåðæàùåãî 1.5%
ìàññîâûõ ãðàôåíà (ñ. 133�140; èë. 7).

Ñ.Â.Ìàäååâ, À.Ñ. Ëîâöîâ, È.Í.Ëàïòåâ, Í.Í.Ñèòíèêîâ
ÎÏÐÅÄÅËÅÍÈÅ ÝÊÑÏËÓÀÒÀÖÈÎÍÍÛÕ ÕÀÐÀÊÒÅÐÈÑÒÈÊ ÎÁÐÀÇÖÎÂ
ÊÎÍÑÒÐÓÊÖÈÎÍÍÛÕ ÌÀÒÅÐÈÀËÎÂ ÈÇ ÓÃËÅÐÎÄ-ÓÃËÅÐÎÄÍÎÃÎ ÊÎÌÏÎÇÈÒÀ
ÄËß ÝËÅÊÒÐÎÄÎÂ ÈÎÍÍÛÕ ÄÂÈÃÀÒÅËÅÉ ......................................................................................... 141
Â ÃÍÖ ÔÃÓÏ «Öåíòð Êåëäûøà» âåäóòñÿ ðàáîòû ïî ñîçäàíèþ èîííûõ äâèãàòåëåé ñ ïîâûøåííûìè ðåñóð-

ñíûìè õàðàêòåðèñòèêàìè. Ðåñóðñ äâèãàòåëÿ îïðåäåëÿåòñÿ ýðîçèîííîé ñòîéêîñòüþ ìàòåðèàëà óñêîðÿþùå-
ãî ýëåêòðîäà èîííî-îïòè÷åñêîé ñèñòåìû (ÈÎÑ). Íàèáîëüøåé ýðîçèîííîé ñòîéêîñòüþ îáëàäàþò ìàòåðèà-
ëû íà îñíîâå óãëåðîäà. Ýëåêòðîäû ÈÎÑ äîëæíû âûäåðæèâàòü ñòàðòîâûå âèáðàöèîííûå íàãðóçêè, ÷òî
ïîçâîëÿåò ñäåëàòü âûáîð â ïîëüçó óãëåðîä-óãëåðîäíûõ êîìïîçèöèîííûõ ìàòåðèàëîâ (ÓÓÊÌ). Ïîñêîëüêó
ìåõàíè÷åñêèå è òåïëîôèçè÷åñêèå ñâîéñòâà ÓÓÊÌ îïðåäåëÿþòñÿ òåõíîëîãèåé ïðîèçâîäñòâà, â äàííîé ðà-
áîòå ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèé ñâîéñòâ ÓÓÊÌ ðîññèéñêîãî ïðîèçâîäñòâà, ïðîâåäåíî ñðàâíåíèå
ìåõàíè÷åñêèõ õàðàêòåðèñòèê ÈÎÑ èç ÓÓÊÌ ñ íàïîëíèòåëåì èç äâóíàïðàâëåííîé òêàíè ñ ÈÎÑ, âûïîëíåí-
íûé èç òèòàíà (ñ. 141�150; èë. 6).
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-Zr system with low a

residual porosity (less than 1%) and fine micristructure. The effect of TiN nanoparticles on the microstructure formation
of the ceramic composites was studed. It was shown that introduction TiN nanoparticles in the reaction mixture results
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2
 and (Zr,Ti)Nx accordingly. The particle

size of dispersed phase is less than 0.1 microns and hardness of 1700 - 2200 MPa (p. 99�109; fig. 9).
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An effect of fullerene C60 on the curing kinetics of epoxy-based thermoset binders was studied by dielectric thermal
analysis and differential scanning calorimeter. It was shown that the additives of C60 slow down the curing reaction
in the chemical-controlled regime, probably, due to C60-amine adduct formation, which causes an increase of the
activation energy of the curing reaction. The enhance rate of structural relaxation of C60-modified system may slow
down the curing reaction in the diffusion-controlled regime (p. 120�132; fig. 2).
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of Graphene-Epoxy Nanocomposites .................................................................................................................................... 133
Thermally Exfoliated graphene (TEG) was synthesized from graphite oxide by thermal exfoliation treatment of dried graphite
oxide, synthesized by modified Hummer‘s method using natural graphite flakes as starting material. This thermal exfoliated
graphene (TEG) was characterized using SEM, TEM, and XRD techniques. TEG based epoxy nano composites were fabricated
by using solution mixing method. The influence of graphene on the thermal stability and glass transition temperature of nano
composites was studied by using thermo gravimetric analysis and differential scanning calorimetry, respectively. The thermo
gravimetric results showed higher thermal stability of composites in comparison with pure epoxy and also an increase in char
yield with increase in graphene content. It shows that pure epoxy resin starts degradation at 341 °C and maximum degradation
takes place at 370 °C temperature and in case of composite with 1.5% of TEG degradation starts at 368 °C and maximum
degradation takes place at higher temperature of 390 °C (p. 133–140; fig. 7).

S.V.Madeev, A.S.Lovtsov, I.N.Laptev, N.N.Sitnikov
EVALUATION OF OPERATIONAL CHARACTERISTICS
OF CARBON/CARBON COMPOSITES FOR GRIDS OF ION ENGINES .............................................................................. 141
Keldysh Research Center investigates ion thrusters with extended lifetime capability. The lifetime depends on erosion
resistance of material of accelerating grid of ion optics system (IOS). Ñarbon materials have the greatest erosion resistance.
The grids of IOS must withstand launch vibration loads, therefore carbon/carbon composites look more promising.
Mechanical and thermal properties of carbon composites depend on fabrication technology. Tests results, a complete
description of the tests, and results of comparison of mechanical characteristics of carbon-carbon IOS and titanium IOS
are presented herein (p. 141–150; fig. 6).
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