depnepanbHOE rocyaapcTBeHHOE BoAKETHOE yUpeKaeHNe HayKn
NHCTUTYT GM3MKM NPOYHOCTU U MaTepmnanoBeaeHns CMBUPCKOro oTaeneHus
PoccnicKkom akagemmn Hayk

MEXAYHAPOOHAA KOH®EPEHLUHA
MNepcneKkTnsHble maTepuanbl
C MepapXrnuecKoun CTPYKTYpou
ANA HOBbIX TEXHONOMMMU
N HAA,EXHbIX KOHCTPYKL UM
9 - 13 okTAb6pAa 2017 ropa
TomcK, Poccua

TE3UCbI IOKNAZIOB

Tomck — 2017



4. Hay4yHble OCHOBbI pa3paboTKM MmaTepmasioB C MHOFOYPOBHEBOW MEPapPXMYECKoM
CTPYKTYPOI, B TOM YMCNE AN1A IKCTPEMAIbHbIX YCNOBUIM SKCNIyaTaLmm

IIo pe3yiibTaTaM BepI/I(I)I/IKaHI/II/I MOKHO CACJIaTb BBIBOJA, 4YTO MOJICIIb C
HpHCMHCMOﬁ I THKCHCPHBIX PaACYCTOB TOYHOCTBIO OIMMCBIBACT PCOJIOTHUYCCKOC
MOBEJICHUE HCCIIEYEMBIX KOMIIO3UTOB B auama3zoHe temmeparyp 300-500 °C u
ckopocTeit nedpopmanmii 0,1-5,5 ¢,

Jluteparypa
1. Smirnov A.S., Konovalov A. V, Muizemnek O.Yu. Modelling and simulation
of strain resistance of alloys taking into account barrier effects // Diagnostics,
Resource and Mechanics of materials and structures. 2015. Iss. 1. P. 6172,

Pa6ora BrInonHeHa mpu ¢puHaHCOBOM mojaepskke rpanta PODOU Ne 16-08-00160
B yactu MoaemupoBannss MMK AMro\10% SiC u PH® Ne 14-19-01358 B wacTu
moaemmpoBanust MMK B95\10% SiC.

SIMULATION OF DYNAMIC FRACTURE OF CERAMIC MATERIALS
BASED ON ZrB2 IN A WIDE TEMPERATURE RANGE
'Fedorov A.Yu., !Skripnyak E.G., !Skripnyak V.V., *Vaganova I.K.
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Structural materials based on ZrB, are a class of promising materials for the
manufacture of structural elements operating in extreme conditions — thermal
protection of hypersonic re-entry vehicles, elements of a rocket nozzles, wear
resistant parts, etc.

A new generation of ceramic materials obtained on the basis of ZrB, nano-
powders is indispensable for the manufacture of structural components which
must have high corrosion resistance, high resistance to thermal shocks and
relatively high dynamic strength in a wide temperature range.

The aim of this work is to study the regularities of damage and dynamic
fracture of nanostructured ceramic materials based on ZrB, in a wide range of
temperatures.

The regularities of damage and fracture of nanostructured ZrB, ceramics and
composites ZrB,—B4C, ZrB,-SiC in wide ranges of strain rate and temperature
was investigated by numerical simulation method. The deformation and fracture
of a 3D model material volume were simulated on the mesoscopic level.

It is established the dynamic fracture of the nanocomposites is caused by the
nucleation and growth of a large number of microcracks. Microcracks are formed
in the compression wave near the microspores and in the space between the
reinforcing particles. The rate of growth of the damage parameter depends on the
triaxiality of stress state.

It is shown that the normalized strength at compression of ZrB, ceramics and
composites ZrB,—B4C on the logarithm of normalized strain rate can be described
by a power law in the range of strain rates from 0.001 to 106 s-1.
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It is shown that fracture of nanostructured ceramic materials and ZrB,-B,C
and ZrB,-SiC nanocomposites have quasi-brittle character under dynamic
loading.

The critical failure stress of nanostructured ceramic materials in the
temperature range from 297 K To 1473 K under dynamic loading were predicted
by using of the developed computational model.

MPOSIBJIEHUE KOPPEJISIHUOHHBIX YOPPEKTOB MEXIY
3JIEKTPOHHOM U ATOMHOM NOJJICUCTEMAMM B TPOMHOM
CUCTEME Fe-Ni-Ti
TMorekaes A.M., 1?Knonoros A.A., *I'pubos 10.A., *Knonoros B.]I.

Hayuonanvnwiii uccnedosamenvcruti Tomckuii I'ocyoapcmeennbiil ynusepcumem, Tomck
2Tomcxuii 20cy0apcmeentblii apXumexnypHo-cmpoumenshulii yuusepcumen, Tomck
$Tomckuii 20cyoapcmeentuiii yHusepcument cucmem ynpasneHus u paouod1eKmpoHuK,
*Hayunwiii uccnedosamenvcrkuti Tomckutl nonumexHuveckutl yHusepcumenn
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B Meramnmueckux cmiiaBax HaOMIOJAeTcss  TEHACHIMS 00pa30oBbIBATh
CTPYKTYpPBI, B KOTOPBIX PAacCHOJIO)KEHHUE aTOMOB MOXHO IPEICTaBUTh B BUJE
IUIOTHEMIINX IIAPOBBIX YIIAKOBOK. ATOMBI B y3JaX KPUCTAJUIMYECKOM PEIIETKU
JNEHUCTBYIOT Ha BaJIGHTHO-DJIEKTPOHHBIM Ta3, Kak CBOOOJHBIM OT CTPYKTYpHI
noTeHUHaIbHbIA cocyn [1]. IIpeacrtaBisercss MHTEPECHBIM MPOBOAUTH ITOMCK
KOppEJSIUMA  MEXAY OTHUMU JBYMs CHUCTEMaMH: AaTOMHBIM KapKacoM U
AIIEKTPOHHBIM T'a30M.

B nanHoli paboTe UCHOIB3YyeTCsl MOJXOJl, OCHOBAaHHBINM Ha IMOWCKE OOIIUX
3aKOHOMEPHOCTEH  DJJIEKTPOHHOW  KOHILIEHTPAllMM 10  OTHOLIGHHI K
JEUCTBUTEIBHON MPOCTPAHCTBEHHOW KOPPESALIMU B PACIIOJIOXKEHUU aTOMOB IO
y3JIaM KPUCTAJUIMYECKOW PELIETKH HA KOHKPETHOM IIPUMEPE B TPOMHOU CUCTEME
Ti-Ni-Fe.

B OuHapHBIX cucTeMax, Ha OCHOBE KOTOPBIX CO3J[aHa TPOWHas cucrema Ti-
Ni-Fe, HaOmomarOTCs  pas3aUyYHbIe  MOCIIEAOBATEIBHOCTH  MOP(OTPOIMHBIX
npespanienuii: B TI-Ni  OpOMCXOAMT ClIEAyIOIAs MOCIEJOBATEILHOCTD
MOPGhOTPOIHBIX npeBpalieHui A3—E9;—B2—D0,,—Al
(Ti>TizNi—>TiNi—>TiNiz—Ni); B Ti—Fe: A3—>B2—->Cl14—-Al
(Ti>TiFe—>TiFe,—>Fe). B HuskoremneparypHoii obmactu B cucreme Ni—Fe
BO3MOXKHA CJEAYyIOIasi IOCIeI0BaTeIbHOCTh MOP(OTPOIHBIX MPEeBPALICHUIMI
Al-L1,>L1,—>A2 (Ni—>NisFe>NiFe—Fe). 3mech, ¢ o0mHOW CTOPOHBI,
JyarpaMMa Ha PHCYHKE NOKAa3bIBA€T CJIOKHYIO SBOJIOLHUI0 KPUCTALTNYECKUX
CTPYKTYp M TPOTSKEHHOCTh OOJACTEl TOMOT€HHOCTH HWHTEPMETAUINYECKUX
coenuHeHui B TpoitHO# cucteme Ti-Ni-Fe B 3aBHCHMOCTH OT yCPETHEHHOTO
napameTpa, Takoro kak gucia (S+d) sinekrponoB Ha atrom. C Apyroi CTOPOHBI, Ha
MpUBEJCHHAS Ha PUCYHKE JUarpamMma pa3HbIX 00JacTel cpemaHeil dJIeKTPOHHOU
KOHIIEHTpanuu (S+d)-3JIeKTPOHOB MOKA3bIBACT, YTO MPOUCXOJUT 3HAYUTEIHHOE
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