
1

Òîì 6 ¹ 1
2014

Êîìïîçèòû è íàíîñòðóêòóðû
COMPOSITES and NANOSTRUCTURES

     ÈÔÒÒ ÐÀÍ «Êîìïîçèòû è íàíîñòðóêòóðû». 2014

ÑÎÄÅÐÆÀÍÈÅ

Ñ.À.Ôèðñòîâ, Ñ.Ò.Ìèëåéêî, Â.Ô.Ãîðáàíü, Í.À.Êðàïèâêà, Ý.Ï.Ïå÷êîâñêèé
ÌÎÄÓËÜ ÓÏÐÓÃÎÑÒÈ ÂÛÑÎÊÎÝÍÒÐÎÏÈÉÍÛÕ ÎÄÍÎÔÀÇÍÛÕ ÑÏËÀÂÎÂ
Ñ ÎÖÊ ÊÐÈÑÒÀËËÈ×ÅÑÊÎÉ ÐÅØÅÒÊÎÉ............................................................................................................................ 3
Äëÿ 7-ìè ëèòûõ ìíîãîêîìïîíåíòíûõ îäíîôàçíûõ âûñîêîýíòðîïèéíûõ ñïëàâîâ ýêâèàòîìíîãî ñîñòàâà ñ ÎÖÊ êðèñòàëëè-
÷åñêîé ðåøåòêîé (ÎÖÊ-ÂÝÑîâ) óñòàíîâëåíà ñâÿçü âåëè÷èíû ìîäóëÿ óïðóãîñòè Å

ýêñï
 ñ ðàñ÷åòíûìè çíà÷åíèÿìè èõ ýëåêò-

ðîííîé êîíöåíòðàöèè C
sd

 è ýêñïåðèìåíòàëüíî îïðåäåëåííûìè çíà÷åíèÿìè ïàðàìåòðà ÎÖÊ ðåøåòêè à
ýêñï

. Åñëè ïðè
èçìåíåíèè ñîñòàâà ÎÖÊ-ÂÝÑà îáåñïå÷èâàåòñÿ óâåëè÷åíèå C

sd
, îíî ñîïðîâîæäàåòñÿ, êàê ïðàâèëî, óìåíüøåíèåì à

ýêñï
 è

ïîâûøåíèåì Å
ýêñï

. Ñóùåñòâîâàíèå òàêîé ñâÿçè ìîæåò áûòü îáóñëîâëåíî òåì, ÷òî êàæäûé èç 13-òè ìåòàëëîâ, âõîäÿùèõ â
ñîñòàâû èçó÷åííûõ ÎÖÊ-ÂÝÑîâ, â ñîîòâåòñòâèè ñ îñîáåííîñòÿìè ñòðîåíèÿ èõ ýëåêòðîííîé d-çîíû, èìååò âïîëíå îïðå-
äåëåííîå ñî÷åòàíèå çíà÷åíèé ðàññìàòðèâàåìûõ õàðàêòåðèñòèê. Â ñâÿçè ñ ýòèì çíà÷èòåëüíî îáëåã÷àåòñÿ ïðåäâàðèòåëü-
íûé âûáîð ìåòàëëîâ, êîòîðûå ìîãóò áûòü èñïîëüçîâàíû äëÿ ïðîãíîçèðîâàíèÿ èçìåíåíèÿ èçâåñòíîé âåëè÷èíû ìîäóëÿ
óïðóãîñòè ïóòåì çàìåíû èëè äîáàâëåíèÿ ýëåìåíòîâ ó ñïëàâà äàííîãî ñîñòàâà. Êðîìå òîãî, ïðåäñòàâëÿåòñÿ âîçìîæíûì
ïîëó÷åíèå êîíêðåòíûõ ñîñòàâîâ ÎÖÊ-ÂÝÑîâ ñ òðåáóåìûìè çíà÷åíèÿìè ìîäóëÿ óïðóãîñòè. Ïðåäëîæåí ãðàôîàíàëèòè-
÷åñêèé ñïîñîá ôîðìèðîâàíèÿ ñîñòàâà ÎÖÊ-ÂÝÑà ñ çàäàííîé âåëè÷èíîé ìîäóëÿ óïðóãîñòè Å (ñ. 3-17; èë. 5).

Â.Â.Âàñèëüåâ, À.Ô.Ðàçèí, Ô.Ê.Ñèíüêîâñêèé
ÎÏÒÈÌÀËÜÍÀß ÔÎÐÌÀ ÊÎÌÏÎÇÈÒÍÎÃÎ ÁÀËËÎÍÀ ÄÀÂËÅÍÈß Ñ ÌÅÒÀËËÈ×ÅÑÊÈÌ ËÅÉÍÅÐÎÌ ............ 18
Ðàññìàòðèâàåòñÿ êîìïîçèòíàÿ îáîëî÷êà âðàùåíèÿ ñ âíóòðåííèì ìåòàëëè÷åñêèì ñëîåì (ëåéíåðîì). Äëÿ îïèñàíèÿ
êîìïîçèòíîãî ñëîÿ èñïîëüçóåòñÿ ìîíîòðîïíàÿ (ñåò÷àòàÿ) ìîäåëü ìàòåðèàëà, à ìåòàëëè÷åñêèé ñëîé ñ÷èòàåòñÿ óïðó-
ãîïëàñòè÷åñêèì è îïèñûâàåòñÿ ñîîòíîøåíèÿìè äåôîðìàöèîííîé òåîðèè ïëàñòè÷íîñòè. Îïòèìàëüíàÿ ôîðìà îáî-
ëî÷êè ïåðåäåëÿåòñÿ èç óñëîâèÿ ìèíèìóìà íàïðÿæåíèé â ëåéíåðå. Äîêàçûâàåòñÿ, ÷òî ýòî óñëîâèå îáåñïå÷èâàåòñÿ
åñëè êîìïîçèòíàÿ îáîëî÷êà ïðîåêòèðóåòñÿ áåç ó÷åòà íåñóùåé ñïîñîáíîñòè ëåéíåðà (18-24; èë. 2).

Þ.Â.Ñòîëÿíêîâ, Í.Â.Àíòþôååâà, À.Å.Ðàñêóòèí, Ñ.À.Êàðèìîâà
ÈÑÑËÅÄÎÂÀÍÈÅ ÂÎÇÌÎÆÍÎÑÒÈ ÑÎÇÄÀÍÈß ÑËÎÈÑÒÛÕ ÌÅÒÀËËÎÏÎËÈÌÅÐÍÛÕ
ÊÎÌÏÎÇÈÖÈÎÍÍÛÕ ÌÀÒÅÐÈÀËÎÂ C ÈÑÏÎËÜÇÎÂÀÍÈÅÌ ÒÎÍÊÎËÈÑÒÎÂÛÕ ÀÌÎÐÔÍÛÕ ÑÏËÀÂÎÂ ........ 25
Çàäà÷à ïåðåõîäà íà íîâûé òåõíîëîãè÷åñêèé óêëàä íå ìîæåò áûòü ðåøåíà áåç ñîçäàíèÿ íîâûõ êîíñòðóêöèîííûõ ìàòåðè-
àëîâ, ê êîòîðûì ïðèíàäëåæàò, â ïåðâóþ î÷åðåäü, ðàçíîîáðàçíûå êîìïîçèòû. Îäíî èç íàïðàâëåíèé ðàçâèòèÿ ñëîèñòûõ
êîìïîçèöèîííûõ ìàòåðèàëîâ - êîìáèíèðîâàíèå ñîâðåìåííûõ ïîëèìåðíûõ êîìïîçèöèîííûõ ìàòåðèàëîâ ñ òîíêèìè
ñëîÿìè àìîðôíûõ ìåòàëëè÷åñêèõ ìàòåðèàëîâ. Âûñîêèå ïðî÷íîñòíûå õàðàêòåðèñòèêè òàêèõ ìàòåðèàëîâ â ñî÷åòàíèè ñ èõ
êîððîçèîííîé ñòîéêîñòüþ è ïîäîáèåì «ñòðóêòóðû», ñâîéñòâ è ïðîöåññîâ, ïðîèñõîäÿùèõ ïðè ôîðìèðîâàíèè ïîëèìåð-
íûõ êîìïîçèöèîííûõ ìàòåðèàëîâ, îòêðûâàþò âîçìîæíîñòè èõ ñîâìåñòèìîñòè è ñîçäàíèÿ íà èõ îñíîâå íîâîãî òèïà
êîìïîçèöèîííûõ ìàòåðèàëîâ (25-31; èë. 5).

Þ.È.Äèìèòðèåíêî, Ñ.Â.Ñáîðùèêîâ, À.À.Ïðîçîðîâñêèé, Å.À.Ãóáàðåâà,
Í.Î.ßêîâëåâ, Â.Ñ.Åðàñîâ, Â.Ä.Êðûëîâ, Ì.Ì.Ãðèãîðüåâ, Í.Í.Ôåäîíþê
ÐÀÇÐÀÁÎÒÊÀ ÌÍÎÃÎÑËÎÉÍÎÃÎ ÏÎËÈÌÅÐÍÎÃÎ ÊÎÌÏÎÇÈÖÈÎÍÍÎÃÎ ÌÀÒÅÐÈÀËÀ
Ñ ÄÈÑÊÐÅÒÍÛÌ ÊÎÍÑÒÐÓÊÒÈÂÍÎ-ÎÐÒÎÒÐÎÏÍÛÌ ÇÀÏÎËÍÈÒÅËÅÌ .................................................................. 32
Ðàçðàáîòàíà òåõíîëîãèÿ èçãîòîâëåíèÿ ìíîãîñëîéíîãî ïîëèìåðíîãî êîìïîçèöèîííîãî ìàòåðèàëà ñ äèñêðåòíûì êîíñòðóê-
òèâíî-îðòîòðîïíûì çàïîëíèòåëåì ñîòîâîãî òèïà íà îñíîâå ìîäèôèöèðîâàííîãî âèíèëýôèðíîãî ñâÿçóþùåãî, ñ èñïîëüçî-
âàíèåì ìåòîäà èíôóçèè. Îïðåäåëåíû ôèçèêî-ìåõàíè÷åñêèå ñâîéñòâà ïîëèìåðíîé ìàòðèöû, ñîòîâîãî çàïîëíèòåëÿ, îáøè-
âîê èç ñòåêëîïëàñòèêà, à òàêæå ïàíåëåé èç ðàçðàáîòàííîãî òðåõñëîéíîãî ñîòîâîãî ìàòåðèàëà. Ïðîâåäåíî êîìïüþòåðíîå
ìîäåëèðîâàíèå íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ ïàíåëè èç òðåõñëîéíîãî ñîòîâîãî ìàòåðèàëà ïðè ÷åòûð¸õòî-
÷å÷íîì èçãèáå, êîòîðîå ïîêàçàëî, ÷òî ïðî÷íîñòíûå õàðàêòåðèñòèêè ìàòåðèàëà ïðè èçãèáå ñóùåñòâåííûì îáðàçîì çàâèñÿò
îò ãåîìåòðè÷åñêèõ ðàçìåðîâ ïàíåëåé, ÷òî áûëî ïîäòâåðæäåíî ðåçóëüòàòàìè èñïûòàíèé. Ðàçðàáîòàííàÿ êîìïüþòåðíàÿ
ìîäåëü ïîçâîëÿåò ïðîãíîçèðîâàòü óïðóãî-ïðî÷íîñòíûå õàðàêòåðèñòèêè ìíîãîñëîéíîãî ïîëèìåðíîãî êîìïîçèöèîííîãî
ìàòåðèàëà ñ äèñêðåòíûì êîíñòðóêòèâíî-îðòîòðîïíûì çàïîëíèòåëåì ñîòîâîãî òèïà. (32-48; èë. 10).

Õàñêîâ Ì.À., Ãðåáåíåâà Ò.À., Áàáèí À.Í.
ÂËÈßÍÈÅ ÄÎÁÀÂÎÊ ÓÃËÅÐÎÄÍÛÕ ÍÀÍÎÒÐÓÁÎÊ ÍÀ ÊÈÍÅÒÈÊÓ ÎÒÂÅÐÆÄÅÍÈß ÝÏÎÊÑÈÄÍÛÕ
ÑÌÎË ÄÎ È ÏÎÑËÅ ÇÀÑÒÅÊËÎÂÛÂÀÍÈß ...................................................................................................................... 49
Â ðàáîòå èçó÷åíî âëèÿíèå ìíîãîñòåííûõ óãëåðîäíûõ íàíîòðóáîê íà äèíàìèêó îòâåðæäåíèÿ ýïîêñèäíûõ ñìîë äî è ïîñëå
ïðîöåññà çàñòåêëîâûâàíèÿ. Ïîêàçàíî, ÷òî ïðèñóòñòâèå íàíîòðóáîê â ïîëèìåðå ïðèâîäèò ê ïîíèæåíèþ òåìïåðàòóðû ñòåê-
ëîâàíèÿ (Ò

C
) è èçìåíåíèþ êèíåòèêè ïðîöåññà ñòåêëîâàíèÿ ñ óâåëè÷åíèåì èíäåêñà ôðàãèëüíîñòè. Ïðåäïîëîæåíî, ÷òî

áîëåå âûñîêèé èíäåêñ ôðàãèëüíîñòè ïðèâîäèò ê ïîâûøåííîìó êîýôôèöèåíòó äèôôóçèè ïðè òåìïåðàòóðàõ âûøå òåìïå-
ðàòóðû ñòåêëîâàíèÿ è ïîíèæåííîìó ïðè òåìïåðàòóðàõ íèæå Ò

Ñ
. Íàáëþäàåìîå ÿâëåíèå, à òàêæå ïîâûøåííàÿ ñêîðîñòü

ôèçè÷åñêîãî ñòàðåíèÿ îòâåðæä¸ííîãî ñâÿçóþùåãî ïðèâîäÿò ê áîëåå áûñòðîìó îòâåðæäåíèþ ýïîêñèäíîé ñìîëû ïðè
òåìïåðàòóðàõ âûøå Ò

Ñ
 è çàìåäëåíèþ ïðîöåññà ïîëèïðèñîåäèíåíèÿ ïîñëå çàñòåêëîâûâàíèÿ (49-64; èë. 4).

Copyright ОАО «ЦКБ «БИБКОМ» & ООО «Aгентство Kнига-Cервис»Copyright ОАО «ЦКБ «БИБКОМ» & ООО «Aгентство Kнига-Cервис»

Перейти на страницу с полной версией»

Перейти на страницу с полной версией»

http://rucont.ru/efd/473332
http://rucont.ru/efd/473332


2

Volume 6 ¹ 1
2014

Êîìïîçèòû è íàíîñòðóêòóðû
COMPOSITES and NANOSTRUCTURES

     ÈÔÒÒ ÐÀÍ «Êîìïîçèòû è íàíîñòðóêòóðû». 2014

CONTENS

S.A.Firstov, S.T.Mileiko, V.F.Gorban, N.A.Krapivka, E.P.Pechkovsky
ELASTIC MODULUS OF HIGH-ENTROPY SINGLE-PHASE ALLOYS
WITH BCC CRYSTALLINE LATTICE ...................................................................................................................................... 3
A relationship between measured values of the Young’s modulus, E, calculated values of valence electron concentration, Ñ

sd
,

and measured values of the lattice parameter, a, is established for seven cast multicomponent high-entropy equi-atomic alloys
with BBC crystalline lattice (BCC-HEAs). If a change in the composition of BCC-HEAs yields an increase in the valence electron
concentration Ñ

sd
 then this is normally accompanied by an decrease in the value of a

 
and increase

 
in the value of E. A reason

for the existence of such relationship can be the fact that each of 13 metals, which are used for making the alloys studied, has
quite a distinct combination of the values mentioned due to a structure of their electron d-zone. The results obtained can be
used for a preliminary choice of metals to be mixed while aiming at a particular value of the Young’s modulus of the alloy by
adjusting the alloy composition. A graphical-analytical method for a choice of the composition of BCC-HEAs with a given value
of the Young’s modulus is developed (p. 3-17; fig. 5).

V.V.Vasiliev, A.F.Razin, F.K.Sinkovsky
OPTIMAL SHAPE OF A COMPOSITE PRESSURE VESSEL WITH METAL LINER.............................................................18
The paper is concerned with design of metal-composite pressure vessels in which the composite layer is simulated with a
monotopic (netting) model of fibrous composite, whereas the metal liner is described by a deformation theory of plasticity.
Optimal shape of the vessel is obtained from the condition specifying the minimum level of stresses in the liner. As proved, to
satisfy this condition, the vessel should be designed without the metal liner (p. 18-24; fig. 2).

Yury V.Stolyankov, Natalia V.Antufeeva, Alexander E.Raskutin, Svetlana A.Carimova
A POSSIBILITY OF THE DEVELOPMENT OF METAL-POLYMERIC COMPOSITE
MATERIAL WITH THE USAGE OF AMORPHOUS METALL ALLOYS..............................................................................25
A new stage of the technological development cannot be realized without new structural materials. Composite materials are among
new prospective structural materials. One of the promising directions of laminated materials seems to be a combination of the
modern fiber reinforces polymer materials (FRPM) with thin layers of amorphous metal alloys. High strength level and corrosion
resistance of materials of such kind and their «structure», properties and fabrication process resemblance with FRPM open a
possibility todevelop composite materials of a new type (p. 25-31; fig. 5).

Yu.I.Dimitrienko, S.V.Sborschikov, A.A.Prozorovsky, E.À.GubarevaN.O.Yakovlev, V.S.Erasov,
V.D.Krylov, M.M.Grigorev, N.N.Fedonyuk
DEVELOPMENT OF A MULTILAYER POLYMER COMPOSITE MATERIAL WITH DISCRETE
STRUCTURAL-ORTHOTROPIC FILLERS.............................................................................................................................32
Fabrication technology of multilayer polymer composite material with discrete structural-orthotropic fillers of honeycomb type
on the base of modified vinil-aether binder and is developed with the usage of the infusion method. Physical and mechanical
properties of polymer matrix, honeycomb filler, skins of fiberglass and sandwich honeycomb panels were measured. Computer
modeling of stress-strain state of sandwich honeycomb panels under four-point bending is conducted. The modeling and
experimental investigation show that the bending strength depends on geometrical sizes of the panels. A computer model
developed allow predicting elastic-strength properties of multilayer polymer composite material with discrete structural-
orthotropic fillers of honeycomb type (p. 32-48; fig. 10).

Khaskov M.A., Grebeneva T.A., Babin A.N.
THE INFLUENCE OF CARBON NANOTUBES ON THE KINETICS OF EPOXY CURING BEFORE
AND AFTER VITRIFICATION ...............................................................................................................................................49
The influence of the multiwalled carbon nanotubes (MWCNT) additives on the kinetics of the epoxy resin curing before and
after vitrification is investigated. It is shown, that the presence of MWCNT in the polymer decreases the glass transition
temperature (Tg) and changes the dynamics of the glass transition with increasing of the fragility index. The increased fragility
and faster physical aging of the MWCNT-epoxy composite below the glass transition temperature (Tg) result in the increasing
of the diffusion coefficient at the temperatures higher than the glass transition and the decreasing of it below Tg in comparison
with the neat resin, which leads to more rapid curing above Tg and slower curing after vitrification (49-64; fig. 4).

Copyright ОАО «ЦКБ «БИБКОМ» & ООО «Aгентство Kнига-Cервис»Copyright ОАО «ЦКБ «БИБКОМ» & ООО «Aгентство Kнига-Cервис»

Перейти на страницу с полной версией»

Перейти на страницу с полной версией»

http://rucont.ru/efd/473332
http://rucont.ru/efd/473332

