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1. MacmtabHO-iHBapiaHTHA NOBEiHKA eHEKTHUX CYOCTPYKTYP B YMOBAX JIOKa/Ii30BaHOI MJIaCTUYHOI Aedopmallii

MeTaJIiB

2. Scale-invariant behavior of defect substructures under conditions of localized plastic deformation of metals

Pedepar:

1. ledexTHi cyObCTPYKTYypH B MeTajlaX Ha CTafliIX PO3BUHYTOI IIJIaCTUYHOI fedopMallii IeMOHCTPYIOTH SIKiCHI O3HaKU
KOP€JIbOBAHOI KOJIEKTUBHOI (CHHEPTreTUYHOI) IOBEAiHKM 1e(EKTiB i3 BUHUKHEHHSIM KOJIEKTUBHUX
(rinpoguHamivyHuX) Moz, fedopmallii y BUIIIsAi HEKpUCTanorpadiyHUxX 30H JIoKasisauii i3 SKicHUMM 03HaKamu
camornoziibHocTi. MacmTabHO-iHBapiaHTHA [TOBe[iHKA IOBEPXHEBUX IPOSIBIB Je(eKTHOI CyOCTPYKTYypU Ha CTaZisx
PO3BUHYTOI IJIACTMYHOI fledopMallii KiJIbKiCHO XapaKTepU3yeThCs: HAsIBHICTIO T€OMETPUYHO] CaMOIIOi6HOCTI B
MIXPOKOMY Aiana3oHi MacmTabiB; ii CTabisIbHOIO 3a71€XXHICTIO Bif, CTyIeHIo Aedopmallii; IpOCTOPOBOIO i
Opi€eHTalifHOO JIOKai3aliel0. BUHUKHEHHS eKCTpeMaJIbHUX YMOB IJIS1 SIKICHO HOBUX KOJIEKTUBHUX
(rizpopuHamivyHux) Mog, fedopMaliii [I0SCHIOETHCS KOpeJsLieto AedeKTiB KPUCTAIYHOTO CTaHy i ix rpyI Ha pi3HUX
MaclTabHUX PiBHSIX, WO KiJIbKiCHO MifTBEpIKyeTbCsl MJI-MOIe/1I0BaHHSIM Ha OCHOBI TecTy Kosimoroposa-
CMMPHOBA, a TAKO)K MOMEHTHOTO aHasli3y i 6yTcTpemniHr-aHanisy, TO6TO gpeiidom posnoainy KOHLeHTpalii

IedeKTiB 1o aHcamOJII0 BiJi HOPMaJIbHOT'O PO3IOAIY [0 Aiara3oHy pO3TallyBaHHS PO3IOJiiB eKCTPeMabHUX



BEJINYMH. 3 IPAKTUYHOI TOYKU 30PY PO3PO06JIEHO MeTO, (PaKTAJIbHOIO aHalidy gedopMalillHUX CTPYKTYD, KN
MOXe OyTH BUKOPHCTAHO [1Ji1 OTpUMaHHs gudepeHLiioBaHoi indopmauii npo gedopmauiiiny nepenicTopiio
MeTaJla, IPOrHO3YBaTy BUHUKHEHHS KPUTUYHOTO CTaHy MaTepiasy BHACJIiOK eBoJloLii 1e(eKTHOI CTPYKTypH
Marepiay Ta BUSHAYUTH [iJISTHKU JIOKAJIbHOI TPOCTOPOBOI i OpieHTaliliHO]I JIoKasi3alii fedopmariii i MexaHidyHOTroO
MOLIKOKEHHSI. 3alIpONIOHOBaHA METOAMKA KOMIT'FOTEPHOTO MOJIEJIIOBAaHHS 103BOJIsIE BU3HAUNUTH [IiISTHKU KEPYIOUUX
napaMeTpiB, 10 BiANOBiAAI0Th BUHUKHEHHIO Je(PEKTHUX CYOCTPYKTYP i3 KOHTPOJIbOBAHUMHU BJIACTUBOCTSIMY, KA
IIpujaTHa [y BUKOPUCTAHHS Y IKOCTi (PyHKLIOHAJIbHUX HAHO i MiKpO IIPUCTPOIB, HANIPUKJIAZ, 11711 CEHCOPIB
MOIIKO/I)KEHHSI, MeMOpaH, KaTasi3aTopiB.

2. Defect substructures in metals under conditions of localized plastic deformation exhibit qualitative features of
correlated collective (synergetic) behavior of defects with emergence of collective (hydrodynamic) modes of
deformation in the form of non-crystallographic localization zones with the qualitative features of self-similarity.
The scale-invariant behavior of surface manifestation of defect substructures under conditions of localized plastic
deformation is characterized quantitatively by: presence of geometric self-similarity in the wide range of scales, its
stability with deformation; spatial and orientational localization. The emergence of extreme conditions for
qualitatively new collective (hydrodynamic) modes of deformation due to correlations of crystal lattice defects and
their aggregations at different scale levels was quantitatively confirmed by MD-simulations on the basis of
Kolmogorov-Smirnov test, as well as by the moment and bootstrapping analyses, i.e. by the drift of defect
concentration distributions over an ensemble of samples -- from the normal distribution towards the region of
extreme values distributions. From a practical point of view, the developed method of fractal analysis of
deformation structures can be used to obtain differential information about the deformation pre-history of metal,
to predict the occurrence of the critical state of materials during evolution of the defect substructure in materials
and identify areas of spatial and orientational localization of deformation and mechanical damage. The proposed
method of computer simulation allows to determine areas of the control parameters corresponding to occurrence
of the defect substructures with the controlled properties, which are suitable for use as functional nano- and
micro- devices, such as sensors for damage estimation, membranes, and catalysts.
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