MepeliTi Ha CTpaHuLy C NOSIHOW BepCuen»

Komnozumul u nanocmpykmypuol Tom 6 No 1
COMPOSITES and NANOSTRUCTURES 2014

COJIEP’KAHUE

C.A.®upcroB, C.T.Mueiiko, B.®.Iopoans, H.A.Kpanuska, J.I1L.I1euxoBckuii

MO YJIb YIIPYTOCTH BBICOKOSHTPOITUMHBIX OTHODA3HBIX CITJIABOB

C OLIK KPUCTAJITAYECKOM PEILIETKOM .......cccevvvverrenereeeenseceeeessseeceseesssssecsseessssessssessss e sssessssescsssessssss s seesssssseeee 3
Jaist 7-MM TMTBIX MHOTOKOMIIOHEHTHBIX OIHO(a3HBIX BBICOKOIHTPOIMIHBIX CIIaBOB 3KBHaTtoMHOTro cocraa ¢ OL[K kpucrasmmm-
ueckoii pemerkoii (OLK-BOCoB) ycTaHOBIEHA CBA3b BEMMYMHBI MOYJIA yIPYTOCTH £, € PACYETHHIMY 3HAYEHUAMM X IJIEKT-
pouHO¥i KoHueHTpauu C | U 9KCIIEPUMEHTAIILHO ONPEIETICHHBIMU 3HAYCHUAMH napaMeTpa OUK pewerku a_ . Ecnu nipu
uzmenenuu cocraBa OLIK-BOCa obecnieunsaercs ysennuenue C ,, OHO CONPOBOXKIACTCS, KAK IPABUIIO, YMEHBIIEHHEM a .u
nopbiuieHueM £ . CylieCTBOBAHHUE TAKOH CBA3U MOXKET ObITh o6ycn013neHo TEM, 4TO KaX<J(bli U3 13-TH MeTaJIOB, BXO/ISLINX B
COCTaBBI I/I3y‘{eHHHX OLK-B3CoB, B cCOOTBETCTBHHU C 0COOCHHOCTSAMH CTPOCHHS X 3JIEKTPOHHOIJ-30HBI, IMEET BIIOJIHE OTIpe-
JIeJICHHOE cOYeTaHHue 3HaYeHUH pacCMaTpruBaeMbIX XapaKTePUCTHK. B CBA3M € 3TUM 3HAUMTENILHO 00JIeryaeTcs npeiBapuTeb-
HBII1 BHIOOP METAJLIOB, KOTOPbIE MOT'YT OBITH HCIIOJIB30BaHBI ISl IPOTHO3MPOBAHNUS M3MEHEHUS M3BECTHOM BEJTMYMHBI MOTYJIS
YIPYTOCTH ITyTEM 3aMEHBI WK 100aBIIeHUS 3JIEMEHTOB Yy CIUIaBa JaHHOTO cocTaBa. KpoMe Toro, nmpeicTaBiseTcst BO3SMOKHBIM
nosrydenue KoHKpeTHbIX coctaBoB OLIK-BOCoB ¢ TpeOyeMbIMU 3HaYSHUSIMU MOJTYIIs ynpyrocTu. [Ipeanoxken rpadgoananuTu-
yeckui criocob popmupoanus coctasa OLIK-BOCa ¢ 3aianH0# BenmmunHoi Mopty:ist ynpyroctu E (c. 3-17; un. 5).
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ONTUMAJIBHASI ®OPMA KOMITIO3UTHOI'O BAJIJIOHA JJABJIEHMS C METAJUTMYECKUM JIEMHEPOM ............ 18
PaccMaTpuBaeTcs KOMITO3UTHAsT 000JI0UKA BPAIICHUS ¢ BHYTPCHHUM METaJUTMYSCKHUM clioeM (JeitHepoM). Jls onucanus
KOMITO3UTHOTO CJIOS MCIIOJIB3YETCSl MOHOTPOITHAS (CeTdyaras) MOJe/Ib MaTepuaia, a MCTAULTHICCKUH CJIOU CYUTACTCS yIIPY-
TOIJIACTHYCCKUM U OTMCHIBACTCS COOTHONICHUSIMH JIe(hOPMAIUOHHOM Teopuu miactTuyHocTu. OnTuManbsHas hopma 000-
JIOYKH TEePEICACTCS U3 YCIOBUS MUHAMYyMa HaNPsOKCHUI B JieiHepe. JJoka3bIBaeTCs, 4TO 3TO yCIOBUE 00eCIeunBacTCs
€CJIM KOMITO3UTHAs 000JI0YKa MTPOSKTUpPYyeTCs Oe3 yueTa Hecyel cnocoOHocTH Jeitnepa (18-24; mi. 2).
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KOMITO3ULIMOHHBIX MATEPMAJIOB C UCITOJIB30BAHMEM TOHKOJIMCTOBbUIX AMOP®HBIX CITJIABOB ........ 25
3ajaua epexo/ia Ha HOBBIM TEXHOJIOTHUECKHUH YKIIal HE MOXKET OBITh peliieHa 0e3 CO3/1aHHsl HOBBIX KOHCTPYKIIHOHHBIX MaTepH-
aJIOB, K KOTOPBIM IIPHUHAJIEKAT, B IIEPBYIO O4EPe/ib, Pa3HOOOpa3Hble KOMITO3UTHI. OJTHO U3 HANPABJICHUH Pa3BUTHS CIIOUCTHIX
KOMITO3MLIMOHHBIX MaTepHaJOB - KOMOMHUPOBAaHHE COBPEMEHHBIX ITOJMMEPHBIX KOMIIO3UIIMOHHBIX MAaT€PHAIOB C TOHKUMH
CJIOSIMU aMOP(HBIX METAININYECKNX MaTepralioB. BbICOKME TPOYHOCTHBIE XapaKTEPHUCTHKU TAKMX MaTEepHAIIOB B COYETAHHUH C UX
KOPPO3UOHHOM CTOMKOCTBIO M OI0OMEM «CTPYKTYPBI», CBOHCTB U IPOLIECCOB, IPOUCXOSIINX TPH GOPMUPOBAHUHN TOJTUMEP-
HBIX KOMITO3MIIMOHHBIX MaT€pPHUaJIOB, OTKPHIBAIOT BOZMO)KHOCTH UX COBMECTUMOCTH U CO3/IaHMs Ha UX OCHOBE HOBOTO THIIA
KOMITO3UIIMOHHBIX MaTepuainos (25-31; ui. 5).
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PA3PABOTKA MHOI'OCJIOMHOI'O TTIOJIMAMEPHOI'O KOMITO3ULIMOHHOI'O MATEPHAJIA

C JMCKPETHBIM KOHCTPYKTHUBHO-OPTOTPOITHBIM 3ATIOIHUTEIIEM .......ccoviiiiiiiiiiniiieieieicnreenrecereeeneeeenenne 32
Pa3paboTaHa TeXHOIOTHsI N3rOTOBJIEHHSI MHOTOCIIOWHOTO TIOJIMMEPHOTO KOMIIO3UIIMOHHOTO MaTepuala C JUCKPETHBIM KOHCTPYK-
THBHO-OPTOTPOITHBIM 3aIIOJIHUTENIEM COTOBOT'O THITA HA OCHOBE MOAN(HUIIMPOBAHHOTO BUHIII(HUPHOT'O CBSI3YIOIIET0, C HCIIOJIb30-
BaHHeM MeTozia nH}y3uu. OrpesieneHsl PHU3UKO-MEXaHNUECKHE CBOMCTBA IIOTMMEPHOM MaTpPHIIbI, COTOBOTO 3aIIOJHUTEIS, OO~
BOK U3 CTEKJIOILUIACTHKA, a TAKXKE IIaHeNel U3 pa3paboTaHHOIO TPEXCIOMHOro COTOBOro Marepuaia. [IpoBeneHo KoMIIbIOTepHOE
MO/ICJIMPOBaHUE HAIPSKEHHO-1e(hOPMUPOBAHHOTO COCTOSTHHUS TAHEIH U3 TPEXCIOHHOTO COTOBOTO MaTepuaa Ipy YeThHIPEXTO-
YEYHOM U3rroe, KOTOPOE M0Ka3ajIo, 4TO MPOYHOCTHBIE XapaKTEPHCTHKI MaTepraia py 3ruoe CyIecTBEHHbIM 00pa3oM 3aBHCST
OT FEOMETPUYECKUX pa3MepoOB IaHes e, YTO ObIJIO TIOATBEP)KACHO pe3ysIbTaTaMH UCTIBITaHUH. Pa3paboranHas KoMIbIOTEpHAs
MOJIEJTb TI03BOJISIET POTHO3UPOBATH YIIPYTO-IIPOYHOCTHBIE XapaKTEPUCTUKH MHOTOCIIOHHOTO IIOJIMMEPHOTO KOMIIO3UIIMOHHOTO
MaTepHala ¢ IMCKPETHBIM KOHCTPYKTUBHO-OPTOTPOIHBIM 3aII0JIHUTENIEM COTOBOTO THIIa. (32-48; mi. 10).

XackoB MLA., I'pedeneBa T.A., ba6un A.H.

BJIMAAHUE JOBABOK YIJTIEPOAHBIX HAHOTPYBOK HA KUHETUKY OTBEPXIEHN S SITOKCUAHBIX

CMOI O UTIOCIIE BACTEKJIOBBIBAHISL .......ccoviiiiiiieiiieiiictnictntetste ettt ettt 49
B pabore n3y4eHo BIMsSHEE MHOTOCTEHHBIX YIVIEPOJHBIX HAHOTPYOOK Ha IMHAMUKY OTBEPIK/ICHHUS STOKCUIHBIX CMOJI JI0 1 TIOCIIE
nporiecca 3acTeksIoBbIBaHMs. [IokasaHo, 4To NpucyTCTBHE HAHOTPYOOK B IOJIMMEpE MPUBOJIHUT K IIOHIKEHHIO TEMIIEPATYPBI CTEK-
nosanus (T.) U UI3MEHEHUIO KUHETUKH MPOLIECCA CTEKIOBAHMUS C YBEIMYEHUEM uHJIekca GparuwibrocTy. [peanonoxkeno, 4ro
Ooree BRICOKHI MH/IEKC (DparmiIbHOCTH MPUBOJIMT K MTOBBINIEHHOMY KO3 GuIeHTy An(dy3Hu IpU TEMIIEparypax BbIIIE TeMIIe-
parypbl CTEKJIOBaHHUS U MOHIKEHHOMY Npu Temneparypax ke T .. Habnronaemoe siBienue, a Takke MOBBILIEHHAs CKOPOCTb
(bM3HYECKOro CTapeHHsl OTBEPKIEHHOTO CBS3YIOIIETO MPUBOIST K Oosiee OBICTPOMY OTBEPIKICHHUIO SIIOKCHIHOW CMOJIBI MPU
Temreparypax oiie T . 1 3aMeUIEHHIO POLECCa NOJUIPUCOEIMHEHHUS TIOCTIE 3aCTEKIOBbIBAHMS (49-64; ui. 4).
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ELASTIC MODULUS OF HIGH-ENTROPY SINGLE-PHASE ALLOYS
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A relationship between measured values of the Young's modijluajculated values of valence electron concentratign,

and measured values of the lattice paramatés established for seven cast multicomponent high-entropy equi-atomic alloys
with BBC crystalline lattice (BCC-HEAS). If a change in the compositi®(gf-HEAs yields an increase in the valence electron
concentratiorC, then this is normally accompanied by an decrease in the valueaofl increast the value of £. A reason

for the existence of such relationship can be the fact that eachradta®, which are used for making the alloys studied, has
quite a distinct combination of the values mentioned due to a structure of their efkrtme 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 oflilge alloy
adjusting the alloy composition.gdaphical-analytical method for a choice of the compositioBafC-HEAs with a given value

of the Young’s modulus developed (p. 3-17; fig. 5).

V.V.Vasiliev, A.F.Razin, F.K.Sinkovsky

OPTIMAL SHAPE OF ACOMPOSITE PRESSURE VESSEL WITHMETAL LINER..........coooiiiiiiieiiiiee e 18.

The paper is concerned with design of metal-composite pressure vessels in which the composite layer is simulated with &
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 metgplin&24; fig. 2).

Yury V.Stolyankov, Natalia V.Antufeeva, Alexander E.Raskutin, Svetlana A.Carimova

APOSSIBILITY OF THE DEVELOPMENT OF METAL-POLYMERIC COMPOSITE

MATERIAL WITH THE USAGE OF AMORPHOUS METALL ALLOYS.....coiiiiiiiiite e aiee et e e 25..

A new stage of the technological development cannot be realized without new structural materials. Composite materials are amon
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
possibility todevelop composite materials of a new {pp25-31; fig. 5).

Yu.l.Dimitrienko, S.V.Sborschikov, A.A.Prozorovsky, EA.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.......cociiiititte ettt et e e ettt e e e e et e e e e e st e e e e e antbe e e e e snntaaaessansraneeennsens 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. Computel
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 mode
developed allow predicting elastic-strength properties of multilayer polymer composite material with discrete structural-
orthotropic fillers of honeycomb tyge. 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 .....oiiiiiiiiie e ittt e s ettt e sttt e e s sittee e e sssstaeaessssaasasssnssseaessssssseessssssessessnsssesessmnmmmmmmmmneess 40

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 incresed fragili
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 inrtomparis
with the neat resin, which leads to more rapid curing above Tg and slower curing after vitrificationf{d94+64;
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