MepeliTi Ha CTpaHuLy C NOSIHOW BepCuen»

Komnozumut u nanocmpykmypbol Tom 7 Ne 3
COMPOSITES and NANOSTRUCTURES 2015

COJIEP’KAHUE

A.JI.He6epa, A.B.JIuzyHoB, A.A.CeMeHOB . .

TAHTAJIOBBIE ITOPOIIKY C HAHOKPUCTAJUIMYECKOM CTPYKTYPOW: TOJTYUYEHUE, CBOVICTBA,

MEPCIEKTUBBI CTIOJIB3OBAHISL ...ttt s b e s b e e e s bb e e s hb e s b s mmesmmmnena s esbee s sbas e e 121
MeTogamu poCBEYNBAOLIEH M CKaHUPYIOLIEH JEKTPOHHOM MUKPOCKOIINH HCCIIEA0BAHBI HAHOKPUCTAJUTMUECKHE OPOLIKHU TAHTaJIA C PA3IMYHON eI b-
HOI1 TOBEPXHOCTBIO, NosTyueHHsbIe 110 TexHonorun AO « BHUMHM». IToporiku coctosT u3 yacTull BenmuuHoii ot 1 1o 100 MKM, MMEroInX HOPUCTYIO
CTPYKTYpY, ChOpMHUpPOBaHHYIO KpUcTaUTaMu. Pazmep kpructammToB coctasiser oT 10 1o 100 HM. V3 nepBUYHBIX HAHOKPUCTATTMYECKHIX ITOPOIIKOB
TaHTaJIa, U3MEHsIs PEXKUMBI arTIOMEPALIIU U AEOKCUIUPOBAHMSL, MOy YN HOPOLIKH KOHIEHCATOPHOTO KI1acca ¢ yIeIbHOM eMKOCTBIO oT 10 ThIC. 10 150 ThIC.
MKKI/r: Takum 06pa3oM, HAHOKPHCTA/ITIYECKHE IIOPOIIKH TaHTaJIa, H3TOTOBICHHbIE 1o TexHomoruu AO « BHUVHMy, sBistoTCs yHUBEpCaTbHBIME JUTS
TIOJTy4EHHS BHICOKOEMKHUX KOHIEHCATOPHBIX MOPOILIKOB BeeX Ki1accoB (c. 121-126; ni. 8).
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BJIMSIHUE XAPAKTEPUCTUK JINThIX MHOI'OKOMITOHEHTHBIX DKBUATOMHBIX JIBY XDPA3HBIX

CIUTABOB HA KOJIMYECTBEHHOE COOTHOIIEHUE COJEPYKAILIMXCS B HUX [TOJIMKOMITOHEHTHOM

DA3BI JIABECA C14 1 OLIK-TBEPZIOI'O PACTBOPA BAMEILIEHIS ..ottt e 127
Ha mecTy TUTHIX IATH- ¥ MIECTHKOMIIOHCHTHBIX SKBHaTOMHOTO COCTaBa ABYX(a3HBIX CILIaBax, COAEPXKAIIIX TBEP/bIH pacTBop 3aMemtenus ¢ OLIK
kpucTaunueckoit pemerkoi (OLK-hasza) u nonukomnonenTHyo dasy Jlapeca C14 tuna MgZn, (C14-haza), usyseHa cBa3b SKCIIEPUMEHTAIBHO
OIPEENICHHOTO KONUYECTBEHHOTO COOTHOIICHHS 3THX JBYX (Da3 ¢ pac4eTHBIMU 3HAYCHUSIMU IITH XapaKTEPUCTHK CIUIABOB.

CrutaBel BKJTIOUatoT 3j1eMeHThl Ti, Zr, V, Nb, Ta, Mo, Fe, Cr, Al; n3 ux uucna uetsipe anemenrta Ti-Zr-V-Nb cocraBuim 6a30ByI0 0CHOBY M3y YCHHBIX
CILIaBOB, B KOTOPBIE TOOUEPEHO BBOAUINUCH OCTAJIbHBIE AMeMEHTHI. Mcronb30BaHbI ClleIyIOIHe XapaKTEPUCTHKHU CIUIABOB: CBOMCTBA MHAUBUYaIIb-
HBIX 3IEMEHTOB B XUMUYECKOM IINXTOBOM COCTaBE; NEKTPOHHAs KoHIeHTpanust Csd; aToMHBIH pajiryc (OTHOLIEHHE CpefHero «Oombmoro» R1 n
«mazoro» R2 pangnycos snemenToB cruiaBa R1/R2); ycpenHeHHas SHTalIbIMSA CMEIIEHHS 3JIeMEHTOB B ciuiaBe AHmIX; cyMMapHas SHTalIbIHs
CMEIIIEHHS IEMEHTOB BO BCEX IBYXKOMIIOHCHTHBIX C14-uHTepMeTaunax B ciiase ZAHMIX; OTHOCUTEIBHOE KOIMYECTBO JIBY XKOMIIOHEHTHBIX
C14-uHTepMeTaNINI0B, COAEPKALHUXCS B CILIABE.

INoxazaHo, 9TO KaXk/1ast U3 3THX XapaKTEPUCTUK MOXKET OBITH HCIIOIb30BaHA HHANBHTYAIbHO UL onpeeneHus konudecTa C14-¢a3bl B U3y4eHHBIX
CIUIaBaX, OJJHAKO B Pa3HOU CTEIICHH MPHOIIKCHUS K SKCIIEPHMEHTAIFHOMY 3HaueHHI0. Hanbomee oqHO3HAaUHAS CBSI3b HAOMIONACTCS IS TAKOM
XapaKTEePUCTHKU CIUIaBa, KAK OTHOCUTENIBHOE KOJIMYECTBO ABYXKOMIIOHEHTHBIX C14-HHTEpMETAIUINIIOB B CILIABE.

PerynupoBars cootHomenue kosmdectsa C14-dassl B mpenenax 10-85 mace. % B 1Byx(}a3HBIX CIUIaBaX JAHHOTO THIIA MOXHO KaK ITyTeM BBEACHUS
B 0a30BBIIf COCTAB JIOMIOIHUTEIBHBIX HIEMEHTOB, CIOCOOCTBYIOIIHX ()OPMHUPOBAHHIO IBYXKOMIIOHEHTHBIX C 14-HHTEpMETAUINIIOB, TAaK U JJIEMEHTOB,
criocobcTByromux Gopmuposanuro OL[K-TBepmoro pactBopa 3aMemeHus.

Ha ocHOBaHMU yCTaHOBIEHHBIX 3aKOHOMEPHOCTEH IOBEICHUS H3yYEHHBIX XapaKTePUCTHK CIUIABOB JAHHOTO THIIA B 3aBUCHMOCTH OT UX XUMHYEC-
KOTO IITMXTOBOTO COCTaBA, a TAK)KE IIOJYYCHHBIX B PA00TE KOHKPETHBIX PE3YIBTATOB O CBA3SAX MEKIY SKCIEPUMEHTAIBHO OJIyYeHHBIMU U pacyer -
HBIMH IIapaMeTpaMH CIUTaBOB, IIPEICTaBIAETCS BO3MOKHBIM IIPOrHO3UPOBATh KomdecTBeHHOe cooTHoeHue C14- n OLK-¢a3 B cruraBax aHaiormd-
HOT'O COCTaBa, a TAKXKe KOHCTPYHPOBaTh HOBEIE COCTaBHI (¢. 127-144; ui. 5).

A.A.CkJiesneB, A.®.Pazun .

BETOHHbBIE KOHCTPYKIIUU C CETUATON KOMITOZUTHOM APMATYPOW ......ooooooveeeeceeeees e e 145
B crarbe o0cyxaaeTcst apMHpOBaHUE OCTOHHBIX JICMEHTOB KOHCTPYKIIHI KOMIIO3UTHBIMU MaTepuaiaMu. PaccMarpuBaeTcs BHEIITHEE YCUIICHHE
OCTOHHBIX KOJIOHH, 3aMEHA CTAJILHOH apMaTyphl Ha KOMITIO3UTHYIO M apMHUPOBAaHUE OCTOHA CETYaTHIMU KOMITO3UTHBIMHU CTPYKTypaMu. [IpeicraBieHb!
PEe3yIIbTaThl SKCIEPUMEHTAIBHOTO UCCIICIOBAaHUS OETOHHOM KOJIOHHBI, apMHPOBAaHHON KOMITO3UTHOI ceTdaToi cTpykTypoil. Hecymas cioco6-
HOCTb U KECTKOCTB TaKOH KOJIOHHBI COTIOCTABILIIOTCS € XapaKTepPUCTHKAMHU aHAIOT UYHBIX OCTOHHOH 1 5KeJe300eTOHHOM KOMIoHH (c. 145-150; mit. 4).
Azapos A.B.

KOHTHHYAJIbHA SI MOIEJIb KOMITO3UTHBIX CETYATBIX OBOJIOYEK, OBPASOBAHHBIX

CHUCTEMOMU CITHPAJIBHBIX PEBEDP ........coiiiiiiiiiiiiieeeceeeee ettt ettt sttt sttt en e snens 151
Crarhs OCBAIICHA aHATIM3Y KOMIIO3UTHBIX CETYATBIX 000JI049eK, 00pa30BaHHBIX CHCTEMAaMH CIIUPaIbHBIX pebep. PaccMorpeno nedopmuposanue
SA9CHKU ceTyaTol 000JIOUKH, COCTOSMIIEH 13 CIUPAIBHEIX peOep, IPH PACTSHKEHUU U CIIBUTC M OIPEACIICHBI KO3 ()(UINEHTHI )KECTKOCTH CETYaTON
CTPYKTYPBI, KOTOPBIE MOTYT OBITh HCIIOJIb30BaHBI IIPU PacyeTe CeTYaThIXx 000I0YeK Ha OCHOBE KOHTHHYaJIbHOH Mozneny. [IpoBeneHO cpaBHeHHE
TIOIy4EHHBIX PE3YJIBTaToB C Pe3yNIbTaTaMy KOHCYHO-3IEMEHTHOTO aHAIN3a U 3KCIIepUMeHTa. OOCyKIar0TCs BO3MOXKHBIE IPAKTHISCKHE IPIII0KEHHS
KOMITO3UTHBIX CETYATHIX KOHCTPYKIIUH, COCTOSIIMX M3 KOMITIO3UTHBIX CIUpabHBIX pedep (¢. 151-161; ui. 7).
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OPAKTOI'PAGUYECKHH AHAJIM3 CTIOUCTOI'O METAJUJIOIIOJIMMEPHOI'O KOMITIO3MTA AJIOP

TTOCJIE UCIIBITAHUW HA TPEITHOCTOUMKOCTD ..ottt et nene 162
IIposenen hpaxrorpadudecknii aHATI3 CIOUCTOIO METAJLIONOINMEPHOT0 KOMITO3HUTA aJIOp HAa OCHOBE OJJHOHAIIPARICHHOH JIEHTHI U3 BojokoH CBM n
SMOKCUJIHO-Kay4yKOBOTO IéHouHOro Kies BK-41 nocne ucrbITanuii Ha TpeIMHOCTOMKOCTB 110 Mozie | (B ycnoBusix oTpeiBa) u Mozie |l (B ycnoBusix
cagura). [TokazaHo BISHYE IPEBAPUTENBHOM Ae(hOpMALIH Ha PACTSDKEHHE OTBEPKIEHHOTO KOMITO3HTa Ha (hpaKTorpadrdecKre 0COOESHHOCTH MEXCIOH-
HOTO pa3pyIIeH¥Is IIPH UCIBITAHIAX Ha TPEIMHOCTONKOCTE. OGHApYKEHO, UTO C YBEIHMYCHHUEM CTEIICHH NIPEABAPHTENFHOTO INTACTHYECKOTo Ie(hopMUpo-
BaHMS U3MEHSETCS XapaKTep MOBEPXHOCTH Pa3pyILEHHs KOMIIO3UTA aIop U MOBBIIIAETCS €r0 TPEIMHOCTOMKOCTb Ha OTPBIB U CABUT B 1,5 paza. [Tomyuen-
HbIE TAHHBIC TIOKA3aJI1, YTO MPEABAPUTENbHAS IuIacTH4eckas nedopmariys (10 0,5 - 1,0%) oTBepyk IEHHOTO METAILIONOIMMEPHOTO KOMITO3HTA aJI0P MOYKET
CITY’KUTB 3 (GEKTUBHBIM CII0COO0M HOBBILICHHS €0 TPEIHHOCTOHKOCTH (c. 162-176; min. 8).

P.M.SIkymies, C.H.JIbicenko, C.FO.UBanenko, /1.2.51kymena

MOJIYYEHHUE KOMITO3ULIMOHHOI'O SJIACTOMEPA C XUMHWYECKHU CBA3AHHBIM HAHOHAIIOJIHUTEJIEM .........ccoovveeininnene 177
IosydeH KOMIO3ULIOHHBII MaTepHaJl, COAepKaIliii HAaHOYACTHIIbI JMOKCU A KPEMHHS, XUMUUYECKH CBA3aHHBIE C MOJIMMEpHOH Marpurei. Ha nepBoit
CTaIiH IPOLIecca B alPOTOHHBIX PACTBOPHTEIISIX ITOJTyYeHa UCIIEPCHS HAHOYACTHIL, CTa0IIM3HPOBAHHBIX OJIMTOMepoM HosumnporuieHokernaa (IT10) ¢
MAJICHHIMUJTHOH IPYTINOi Ha CBOGOIHOM KOHIIE MOJIEKYIIBI CTaOMIII3aTopa. 3aTeM IMCIIEPCHOHHAs cpelia 3aMEeHsUIach Ha OMC-aMIHO(YHKIOHAIBHBIH
omromep IO, mpy 3TOM NPOUCXOIIIO MPHUCOSUHEHHE TT0 MHXa3/Ii0 aMHHHBIX TPYIIT OJIATOMEPA K MaJICHHIMHUTHBIM IPYIIIaM CTaOIIN3aTopa, i
CBOOOTHBIMH KOHIIEBBIMH TPYIIIIAMH CTAHOBIJICH aMIHOTPYTIEL. [losrydeHHas quceperst oTBepakaaIachk OHC-3MOKCH(YHKIMOHATEHBIM OJIUTOMEPOM
IO ¢ 06pazoBaHHEM ITACTUYHOTO TIOJMMEPHOT0 MaTepHalia, B KOTOPOM HaHOYACTHIIBI CITYKIUIH Y3JIaMH CIIMBKH n1actomepa (c. 177—182; ni. 4).
Kproukos B.A., Kprouxos M. B., Boimopkos H.B., [loptnosa 5I. M., [lnscynxosa JI. A., bymanckuii H. B., Bymanckwnii C. H.
HAHOMOJUPULMPOBAHUE YTJIEIIJIACTUKOB I'PAHYJIMPOBAHHBIMUW MHOI"OCJIOMHBIMUA

VYITIEPOIHBIMU HAHOTOPYBKAMU .......cooiiiiiiiiiiiiicieecte ettt ettt sttt et n e enesneneen 183
IprBeneHs! pe3yssTaThl HCCIEIOBAHNH 110 IPHMEHCHHIO TPaHy/I MHOTOCIOWHBIX yIIIEpOAHBIX HaHOTPYOoK (MYHT) B SIIOKCHIHOM CBS3YIOIIEM JULT
TIOJTy9eHYIS IOJIMIMEPHBIX KOMITO3UIIOHHBIX MaTEPUAIIOB C TOBBIIICHHBIMI MEXaHIYECKIMHU CBOMCTBaMU. B kauecTBe MOJENIBHOTO MaTepyasia ObLT BRIOpaH
KOMITO3UTHEBII MaTepHal CO CXeMOH apMUPOBaHHS YIIIEPOIHOIO BOJIOKHA, MOIEIHPYIOIIHIT 00IMBKY pakeTs! «IIpotony». [TokazaHo, 4To IpUMEHEHHEe
STOKCUJTHOTO CBA3YIOIIET0, HAHOMOIM(DHIMPOBAHHOTO TPAHYIMPOBAHHEIMI MHOTOCJIOIHBIMH YITIEPOIHBIMI HAHOTPYOKaMH, TI03BOJIIET TOBBICUTH Ha 30-
40 % MexaHUYEeCKHe XapaKTePUCTHKH KOMIIO3UIIMOHHOTO MaTeprala i CHU3HUTh pa3dpoc XxapakrtepucTuk mpounoctH 110 0,5 % (c. 183-190; w. 3).
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A.L.Nebera, A.V.Lizunov, A.A.Semenov

NANOCRYSTALLINE TANTALUM POWDERS: PRODUCTION, PROPERTIES, APPLICATION PERSPECTIVES. .......cccccccvvieneenn.. 121...
Nanocrystalline tantalum powders of various specific surface produced by SC «VNIINM» technology were studied by transchssammiag
electron microscopy. The powders consist of the particles of linear dimension varying from 1im1€tey have a porous structure and are
formed by crystallites. Crystalites have the linear dimension in the range from 10 to 100 nm. The powders of a capadispeddEscapacity
from 10 000 to 100 00QC/g were obtained from nanocrystalline tantalum powder by agglomeration and deoxidation techniques. Nanocrystalline
tantalum powders produced by SC «VNIINM» technology are a universal precursor for obtaining of high capacitor (owaerk26; fig. 8).
S.A.Firstov, V.F.Gorban, N.A.Krapivka, E.P.Pechkovsky, M.V.Karpets

INFLUENCE OF CHARACTERISTICS CAST MULTICOMPONENT EQUIATOMIC TWO-PHASE

ALLOYS ON THE QUANTITATIVE RELATION OF POLYCOMPONENT LAVESC14-PHASE

AND BCC-SUBSTITUTIONAL SOLID SOLUTION ....uuiiiiiiiutiittiutiittitttesttesbeessessseesaseeeeeeeeeseeeeteaeeaaeeaeesassmaaanamamteteeteeetaaeaaasaaaaaaaaaaaaseaasas 127

On six cast five- and six-component equiatomic two-phase alloys containing a substitutional solid solution with BCC datttali{iCC-phase)
and a polycomponent Lavesl4-phase type MgZnCl4-phasegonnection of experimental certain quantitative relation of these two phases with
calculation values for five characteristmfsalloys is determined.

Alloys include metals Ti, Zr, V, Nb, Ta, Mo, Fe, Cr, Al; four metals Ti-Zr-V-Nb have made a base bottom of the studiechtdleysch
other metals were input by-turn. Following characteristitslloys are used: properties of individual metals in chemical charge mixture
composition; electron concentration Csd; atomic radius (relation of average values of atomic radiuses of metals with usepRhatd
that with small radiuses R2, i.e. R1/R2); an average enthalpy of mixture of metals iddioix; the total enthalpy of mixture of metals
in all two-componeniC14-intermetallics in alloy*AHmix; the relative quantity two-compone@tl4-intermetallics containing in an alloy.

It is shown that each of these characteristicsbe used individually for definition of quantit§4-phase in the studied alloys, however in a different degree
of approach to the experimental values. The most unequivocal communication is observed for such chafeatesthtiz as the relative quantity two-
componentCl14-intermetallics in an alloy.

To regulate a relation of quantityl4-phase within 10-85 mass. % in two-phase alloys of the given type it is possible as by introduction in a
base composition of the additional metals promoting formation two-compdibtiintermetallics, and the metals promoting formation of
the BCC-substitutional solid solution.

On the basis of the determined regularities of behaviour of the studied charactdratmgs of the given type depending on their chemical charge
mixture composition, and also the concrete effects gained in operation about connects between experementally gaine@r@npsettietres of
alloys, it is obviously possible to predict the quantitative relafidd- and BCC-phases in alloys of a similar composition and also to construct new
compositions (p. 127-144; fig. 5).

A.A.Skleznev, A.F.Razin

CONCRETE STRUCTURES WITH LATTICE COMPOSITE REINFORCEMENT ......uuuiiiiiiiiiiiiiiiiiiiiiiiiieiiieiieeeeeeeeeee e e e e s snmmmmmmmnnme e 145

The paper is concerned with the problem of concrete reinforcement with composites. Reinforcement located on the surfate obloamts,
utilization of composites instead of steel reinforcement and application of composite lattice structures as reinforcirgy aekememsidered.
Load-carrying capacity of the concrete column with composite lattice reinforcement is studied experimentally and complaeezbwébponding
characteristics of the concrete column and the column with steel reinforcgmé#f—150; fig. 4).

Azarov A.V.

CONTINUUM MODEL OF COMPOSITE LATTICE SHELLS FORMED BY HELICAL RIBS .....cc.ccoiiiiiiiniieerceeeeeeeee e 151

The paper is concerned with the analysis of composite lattice structures consisting of systems of helical ribs. Defattmealtitticefcell formed

by helical ribs under tension and shear is studied to specify the stiffness coefficients of the lattice structure whicedan bealyze lattice shells
by using a continuum model. The obtained solutions are compared with results of the finite-element analysis and expéainrassibtiapractical
applications of composite lattice structures formed by systems of helical ribs are diggusSed 61; fig. 7).

|.S.Deev, G.F.Zhelezina

FRACTOGRAPHIC ANALYSIS LAYERED METAL - POLYMER COMPOSITES ALOR THE TEST

FOR FRACTURE TOUGHNESS ...ttt e ettt b ettt s ettt ettt e e e e a2 e+ Smmmmmmmmmmmm s+ £ 4444 a e e e e aasanbaanbanneanbennren 162
Fractographic analysis of layered metal-polymeric composite ALOR based on unidirectional tape of SVM fibers and epoxyresdlefilaad
VK-41 after fracture toughness tests in the mode | (in terms of separation) and mode Il (in a shift). Shows the effetrhiof ipréeasion of
hardened composite fractographic features interlayer fracture when tested on crack. It is found that with increasingpogné=aof plastic
deformation changes the character of the fracture surface of the composite ALOR increases its fracture toughness and #ieeg@egls The
findings showed that the preliminary plastic deformation (0.5 - 1.0%) of hardened metal-polymer composite ALOR can bé/amwaffect
improve its fracture toughnegp. 162-176; fig. 8).

R.M.Yakushev, S.N.Lysenko, S.Y.lvanenko, D.E.Yakusheva

PREPARATION OF ELASTOMER NANOCOMPOSITE WITH CHEMICALLY BONDED NANOFILLER .....c.ccccccvviriiniiniieenccrcecne 177

A polymer composite containing silica nanoparticles, chemically bonded to a polymer matrix was prepared. First, the dispangiparticles,
stabilized by polyoxypropylene oligomer (PPO) with maleimide group at the free end of a molecule, in aprotic solventsneds Dhai, the
dispersion medium was replaced with bis-amino functional oligomer PPO. This was accompanied by Michael addition of amioevgieipgle
groups of the oligomer stabilizer and amino groups became free terminal ones. This dispersion was cured by bis-epoxy@lignfoenf flexible
polymer material with nanoparticles as elastomer crosslinking n@des7-182; fig. 4).

Krychkov V. A., Krychkov M. V., Wmorkov N.V., Portnova Y.M., Plyasunkova L.A., Bushansky N.V., Bushansky S.N.
NANOMODIFICATION OF CARBON FIBRE REINFORCED POLYMERS BY GRANULATED

MULTILAYER CARBON NANOTUBES ...ttt ettt ettt sttt st ebe o4esteb e et e st eb e b et eb et e st e bt et et eb et et ebesbe st ebennen 183
There are considered experimental results on introducing granules of multi-walled nanotubes (MWCNT) in an epoxy bindea fdb@btainforced
polymer with enhanced mechanical properties. A composite with reinforcing pattern simulating a shell structure of Profohasdbetn shown that
using epoxy binder nanomodified by MWCNT allows enhancing mechanical characteristics of the composite and reducing theasizernigtivn to

0.5 % (p. 183-190; fig. 3).
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