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

pOJIb B YCWJIEHUHU AaJTre€3Ud MOKPBITUS K IOMJIOKKE U COIVIACOBAHUM TEPMO-
MEXAHUYECKUX  XapaKTEPUCTHK TBEPAOIO0 HAHOKPUCTAIJUIMYECKOTO  CJOA
HOKPBITUSL C OTHOCUTEJIBHO MATKOM MOJJIOKKOM, B TOM YMCIIE MPOMEKYTOUHBIX
(YHKIIMOHAJIBHBIX CJIOEB JIPYT C APYTOM.

B pabore u3yueHa B3aMMOCBS3b PEKHMOB MAarHETPOHHOI'O PAaCIbUICHUS
KOMIIO3UIIMOHHBIX MUIIEHEH U BBICOKOIHEPI€TUYECKOTO MOHHOTO JIETHPOBAHUSA
HOJUIOKKU U (DYHKIMOHAJIBHBIX CJIOEB MOKPBITUSA U MHTEP(PENCOB HA 3aALIUTHYIO
CIIOCOOHOCTh ~HAHOKOMITO3UTHOTO TOKPBITUA OT yJApHOTO  BO3JEHUCTBUS
MUKPOUYACTHUI] OTKJIACCU(UIIUPOBAHHOTO TIOPOIIKA >Keie3a, ABIKYIIUXCS CO
CKOpPOCTAMH OJM3KMMHU K TIepBoil Kkocmuyeckod. IlokazaHo, 4ro mpouecc
oOpa3oBaHMsI KpaTEpoOB Ha CTEKJIE C TOKPBITHEM TMpH yaapax TBEPIbIX
MUKpPOYACTHI] B 3HAYUTEIBHOW CTENEHU OTIIMYAETCA OT aHAJIOTMYHOIO Ipoliecca
Ha cTekiae O0e3 mokpbiTusas. C  poOCTOM TONIIMHBI TMOKPBITUS —IPOLIECC
KpaTepooOpa3oBaHUsl 3aTPYAHIETCS, IPU ITOM MHTEHCUBHOCTb 3TOT'O IMpoliecca B
3HAYUTENIbHOM CTENEHU 3aBUCUT OT CTPYKTYpHO-(a30BOro COCTOSHUS Kak
OTJEJIbHBIX (DYHKIMOHAJIBHBIX CJIOEB MOKPBITUSA, TAK U OT KOJUYECTBA CJIOEB, UX
XUMHYECKOTO COCTaBa M THIIA CTPYKTYPbI MOKPBITUSA B LEeaoM. CTpyKTypHbIE
UCCJIENOBAHNUSL IPOBOJWIMCH METOAAaMHU  IPOCBEUYMBAIOLIECH  JJIEKTPOHHOU
MUKDPOCKOIIMA  BBICOKOTO  pa3pelICHUs, PEHTTEHOCTPYKTYPHOIO  AaHAJIN3a,
CKaHHUPYIOUIEH 3JEKTPOHHOW MHUKPOCKOIMHU C PEHTTEHOBCKMM MHKPOAHAIU30M
AJIIEMEHTHOT'O COCTaBa JIOKAJIbHBIX MUKPOOOJIACTEN 10 TOJIIUHE TOKPBITHS, MaccC-
CHEKTPOMETPUUA BTOPUUYHBIX MOHOB, DKCTPATrMPYEMBIX U3 MOBEPXHOCTHBIX CIIOEB
MaTepuaia u T .

MECHANICAL BEHAVIOR OF METAL ALLOYS WITH GRAIN SIZE
DISTRIBUTION IN AWIDE RANGE OF STRAIN RATES

Skripnyak V. A., Skripnyak V. V., Skripnyak E. G.
National Research Tomsk State University, Russia
skrp2006@yandex.ru, skrp2012@yandex.ru

The aim of this work is the development of multiscale simulation approach
for the construction of grain structure of metals and alloys, providing the
combination of elevated strength properties with ductility.

Inelastic deformation and damage of ultrafine grained (UFG) alloys with a
distribution of grain size were investigated in wide loading conditions by
multiscale computer simulation method.

Structured representative volume elements with grain size distributions were
developed. Experimental data on unimodal and bimodal grain size distributions in
aluminum and magnesium alloys were used for calibration of the model.

The grain size distributions in coarse grained and UFG metal alloys were
determined by the method of electron backscatter diffraction (EBSD).
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It was shown that the critical fracture stress of UFG alloys on mesoscale
level depends on relative volumes of coarse grains. Microcracks nucleation at
quasi-static and dynamic loading is associated with strain localization in UFG
partial volumes with bimodal grain size distribution. Microcracks arise in the
vicinity of coarse and ultrafine grains boundaries. It is revealed that the
occurrence of bimodal grain size distributions causes the increasing of UFG
alloys ductility, but decreasing of the tensile strength. The multiscale approach
was used for computer simulation of fracture of magnesium and aluminum alloys
at high strain rates. The models of structured representative volumes (RVE) of
light alloys taking into account unimodal and bimodal grain size distributions and
a precipitate concentration were proposed for prediction of mechanical properties
at high strain rates.

It was shown that the results of computer simulation can be used for
estimation of grains size distribution influence on the dynamic strength and
ductility of light HCP and FCC alloys processed by severe plastic deformation.
Localization of plastic flow in UFG light alloys with bimodal grain size
distribution under dynamic loadings depends on the specific volume of fine
grains. The ductility of UFG light alloys at high strain rates is increased when
specific volume of fine grains is less than 70 %.

AJIIOMOMATPUYHBIE KOMITIO3UTbI C HAITIOJIHUTEJIEM SiC
IIyraueBa H.b., Buuy:xanun /I.1., Muuypos H.C., beikoBa T.M., Cenaena E.!.

Hncmumym mawunoseoenuss YpO PAH, Poccus
nat@imah.uran.ru

Bricokne mokazaTenu TEIUIo- M JJIEKTPONPOBOJHOCTH B COYETAHUU C
MOBBINICHHBIMU TPOYHOCTHBIMHU XaPAKTEPUCTHKAMU M MaJIbIM YJEIbHBIM BECOM
OTPEEISIOT BO3PACTAIONINN WHTEPEC K aTFOMOMATPUYHBIM KOMITO3UITHOHHBIM
matepuaniam (AMK), koTopbie MOTyT OBITh HMCHOJB30BAHBI B aBUALIMOHHOW U
pPaKeTHON TEXHUKE, B XUMUYECKOM U DJIEKTPOTEXHUUYECKOM MAIIMHOCTPOCHHH.
CoueTaHne BBICOKMX TIOKa3zaTelied IUIACTUYHOCTH M yJAapHOM  BSI3KOCTH
METaJUIMYECKOW MaTPHIlbl C BBICOKHMMH IOKA3aTEISIMU MPOYHOCTH U MOJIYJIS
YOPYrOCTH HAMOJHUTENS TMO3BOJSIOT TMOJYyYUTh HOBBIE MaTepuaibl C OOJBIICH
MPOYHOCTHIO MPHU CABUTE U CXKaTWUU. B HacTosimee Bpems MpeasiaraloTcs cambie
pazHooOpa3Hble  TexHonoruu mnonyueHus AMK, kotopeie  1MO3BOJISIOT
dbopmupoBaTh pa3zHOOOpa3Hbie CTPYKTYpbl M CBOMCTBA. B kauecTBe MaTpuIibl
UCITOJIB3YIOT TEXHUYECKH YUCTBHIA AIFOMUHUHN, a TaKKe AIFOMUHHUEBBIC CIUIABBI
AMr6, B95, 16 wu nap. Hanonnurtens mnpeacraBisieT coOOW YacCTHIIbI
TyromiaBkux coeauHenuit — mHTepMetanuabl (TIAI, NiAl), oxcuasr (A120s,
Si0y), xapouasr (SiC, B4C) wmmu mutpuabl (SisNg, AIN). KapOua kpemuus
XapaKTEPU3yeTCs] OTHOCHUTEIHLHO MaJbIM yACIbHBIM BECOM W CBOWCTBAMH,
MaKCUMaJIbHO OJIM3KUMH AIFOMUHUIO TI0 CPABHEHHIO C APYTUMH COCTUHEHUSIMH,
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