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AHHOTAIUS MCCJIeT0OBAHUS:

SIBneHne OXpyHMYMBaHMS METAJUIOB M CIUIABOB IPH HU3KHX TEMIIEpaTypax
(XJ1aTHOJIOMKOCTB) SIBJISIETCS KOMILIEKCHOM TIPOoOJIeMOol, KoTopasi, HeCMOTpPS Ha
JUTUTEIBHBIA TIEPHOI UCCIEAOBaHUN, HEe HallIa MOJTHOTO M aeKBAaTHOTO perle-
HUs. JimTenpHas SKCIUTyaTallisl CTAIbHBIX KOHCTPYKIUH B ycrmoBusax CuOupu u
Kpaitnero CeBepa compoBOKIaeTCsI HK3MEHEHUEM COCTOSTHUSI METallia, KOTOpPOoe
MOXXET MIPUBECTH K MPEKIECBPEMEHHOMY Pa3pyLICHUIO B YCIOBUSIX BO3ACHCTBUS
pabounx MexaHW4YeCKUX Harpy3ok. /st ero mpemoTBpameHus Bakaa nHpopMa-
UL O TEXHHYECKOM COCTOSIHUHM METalia, KOTOPOE MOJKHO OLIEHHBATH C MCIIONb-
30BaHHEM COBPEMEHHBIX YIBTPAa3BYKOBBIX TEXHOJIOTHM, ITO3BOISTIONIMX HICH-
THQHUIMPOBATH CTAIMHHOCTD Jerpaganiu MaTepraia. OCHOBBI pEIICHHS Ipo-
OJIeMBI XJIaTHOIIOMKOCTH CBSI3aHBI C BBIOOPOM ONTHMANBHOTO B TEXHOJOTHWYE-
CKOM M PKOHOMHYECKOM ITIaHAX JISTHpoBaHus. JlermpoBanue, B CBOIO ouepenb,
CYIIECTBEHHO MEHSET Pa3BUTHE MEXAHM3MOB IUIACTHYCCKOW IedopMariu u
paspymrenus. I1o 3Toif mpu4rHe B HACTOAIIEM IIPOESKTE BO TJIABY YIJIa CTaBATCS
MpoOIeMbl U3MEHEHHS TIACTHYECKHX CBOWCTB TPH JISTHPOBAHWW cTalei. Pe-
[IEHUE WHXEHEPHBIX 33a7ad TEXHHYECKOW JHAarHOCTUKU BOZMOYKHO TIPH YCIIOBHH
KOMITJICKCHOTO HCITOJIB30BAHUSI COOTBETCTBYIOIIUX IOAXO/OB, Pa3BHBACMBIX B
MaTEepPHAJOBEICHUN, MEXaHHUKE DPa3pyIICHUS MaTEepPUalOB W HEpa3pyIIAIOMINX
MeTromax uX KOHTpons. C STOH Lenbl0 YCTaHOBICHBI CBS3M aKyCTHYECKHX
CBOICTB METaJUIOB W CIUIABOB C KAPTWHAMHM JIOKAIM3AIMH TUIACTHYCCKOU Ie-
dbopmaruu. B padote npemioxkenbl 3h(heKTHBHbIE METOIBI THATHOCTHKH H3Me-
HeHUH 00BEMHOTO PaCIIpeNeNeHIs] CTPYKTYPHOTO COCTOSIHHS W TTOBPEKIAEMO-
CTH SKCILTyaTHPYEMOr0 METajlla Ha PAaHHUX CTAISIX €ro JETPalalliiy C UCIIOb-
30BaHHEM COBPEMEHHBIX YIBTPa3BYKOBBIX METOHOB. [list oTo# 1enmu paspadora-
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HBI METOIMKH OTIPENeNICHNS MPOCTPAHCTBEHHOTO pacIpeleieHus B 00beMe 3~
Jenrsi aKyCTHYECKHX CBOWCTB METaJUIOB C HCIONB30BAHHEM OECKOHTAKTHBIX
(JTazepHBIX) METOMOB PETHUCTPAIMH YIBTPAa3ByKOBBIX BOJH W IIPOTPECCHBHBIX
WH(GOPMAITMOHHBIX TEXHOJOTHH 00pabOTKH YIbTPa3BYKOBBIX CHTHAJIOB, B TOM
YyCclie Ha OCHOBE YJIbTPa3BYKOBOW KOMITBIOTEPHOH TOMOTrpaduu. DTO MMO3BOJIH-
JIO pa3BUTh METOHOJIOTHIO OLEHKU NETpaaluil KOHCTPYKIMOHHBIX CTajei B
3aBHCHUMOCTH OT YCIIOBHH WX SKCIUTyaTallid, B TOM YHCIIC IIPH BO3ICHCTBHH
TEXHOJOTMYECKUX M / WIH BHEUIHUX KOPPO3HOHHO-aIPECCHBHEBIX Cpel, W Ha
ATOW OCHOBE MPOTHO3UPOBATH OCTATOYHBIN PECYPC KOHCTPYKIIHH.

KiroueBbie cjioBa: IUIACTUYHOCTH; JIOKAIM3AIWS Oe(OopManui; MPOYHOCTE;
XJIQTHOJIOMKOCTD; Ae(EKTHl KPUCTAJUIMIECKON PEIIETKH; aBTOBOJHEI; CaMOOp-
raHu3aLus; IPUMECH; YIPyrue MOAYJIN; CKOPOCTh YIbTPa3ByKa.

Hannoe nayunoe ucciedosanue gvinonnero 6 Meoicoucyuniunapnoil 1abopamo-
pUU  KOMNBLIOMEPHO20 MOOeIUPOBAHUs U AHAIU3A KOHOCHCUPOBAHHLIX Cpeo
Llenmpa npesocxoocmea — Llenmpa uccredosanuii 8 odracmu Mamepuanog u
mexHoao2ull npu noooepoicke Ilpoepammer « Hayunwiii hono um. /{.HM. Menoene-
esa Tomckozo eocydapcmeennoco ynusepcumemay ¢ 2015—2016 22. no nanpas-
aenuro «Hayrxa ¢ Cubupu u o Cubupuy.

The fundamental principles involved in the development
of new low-temperature multiphase alloys

Project supervisor: Lev Borisovich Zuev, Professor, Tomsk State University
(Tomsk, Russia), e-mail: Ibz@ispms.tsc.ru

Responsible executor: Svetlana Alexandrovna Barannikova, Tomsk State
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Abstract:

Metals and alloys are known to exhibit cold brittleness, which still remains chal-
lenging for both the scientists and engineers. When in service under extreme
conditions of Siberia and Far North, steel constructions would undergo prema-
ture failure due to the mechanical wear, which is the result of degradation of
material class. This problem could be avoided provided information on the tech-
nological state of material is available. At present experts can estimate the de-
gree of material degradation with the aid of sophisticated ultrasound technolo-
gies. To solve the problem of cold brittleness of metals, both technologically and
economically, optimization of alloying element concentration has to be done.
Alloying is known to significantly affect the development of mechanisms in-
volved in the plastic deformation and fracture of material. In view of the above,
the basis for the given project is the problem of optimizing alloys for maximum
performance, in particular, for an enhancement of material plasticity. An opti-
mal approach to engineering problems pertaining to the diagnostics technique
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involves methods applied in material science and fracture mechanics, in particu-
lar, nondestructive techniques for preserving structural integrity intact. Thus the
acoustic properties of metals and alloys were correlated with the localized plas-
ticity patterns observed for the same materials. Effective modern ultrasound
methods were applied to enable diagnostics of variation in the structural state
and defect distribution in the material bulk at the early stages of material degra-
dation. With this aim in view, noncontact (laser) methods were developed for
ultrasound wave recording, which permit determination of acoustic properties
for the bulk of material. Recorded data processing was performed using sophis-
ticated information technologies, in particular, ultrasound computer tomography.
Thus a methodology was developed for estimating the extent of degradation of
construction steels, with special emphasis on the effects of commercial opera-
tion conditions and technological and/or external corrosion aggressive media.
On the base of experimental evidence, the remaining service life of construc-
tions was determined.

Keywords: plasticity, deformation localization, strength, cold brittleness, lattice
imperfections, autowaves, self-organization, impurities, elastic modules, ultra-
sound rate This research carried out in 2015-2016 at the Interdisciplinary La-
boratory of Computer Modeling and Condensed Matter Analysis of the Centre
of Excellence — Centre of research in the field of materials and technologies and
was supported by «The Tomsk State University Academic D.I. Mendeleev
Found Programy of the contest «Science in Siberia and about Siberiax.
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