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Abstract. Introduction. The ill-posedness of the problems is mainly caused by the incompleteness of their formal axiomatics,
which is a consequence of the incompleteness of our knowledge of the object of identification. This fact demonstrates the formal
axiomatic incompleteness, arising in description of the metal structure elements by means of traditional configurations of Euclidean
geometry, which triggers the need to use other promising approaches to the structure assessment. The aim of the work is to establish
solutions to some conditionally incorrect materials science problems. Statement of basic materials. On the basis of the analysis of
quantitative and qualitative assessment of the real structures of many iron carbon alloys, there are observed some significant, for
practical purposes, divergences between results of direct experiments and results of their prediction. Basic ways of regularization of
identification problems of multi-parameter objects, criteria selection for multi-criteria technology optimization, ranging of multi-
parameter technologies quality criteria, material quality estimation are considered. It is shown that regularization of materials science
conditionally ill-posed problems is acceptable with application of specific algorithms for every specific case. Conclusions. It is
shown that some of the conditionally incorrect problems are solved by applying a language of a higher level - the language of fractal
geometry.
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AHoTauisi. Bemyn. HexopeKTHICTb 33714, B OCHOBHOMY, 00yMOBJICHA HEIIOBHOTOIO 1X (hOpMabHOT aKCiOMATHKH, 110 € HACIIZAKOM
HETOBHOTH HAIIIMX 3HAHb PO 00'eKT inenTndikamii. JJanuii GpakT CBiTIUTH PO HEMOBHOTY (hOPMAIEHOT aKCIOMATHKY, SIKa BHHHUKAE IIPU
OITHCI €JIEMEHTIB CTPYKTYPH METally 3a JJOIIOMOTO0 TpajuLiiHuX ¢iryp reomerpii EBkmina, mo iHiNifoe HEOOXITHICTh BUKOPHCTAHHS
[HIIKX, TIEPCIEKTUBHUX MiAXOIB J0 OLIHKK CTPYKTYypH. MeTOK pOOOTH € BCTAHOBJICHHS PIillICHb JESIKUX YMOBHO HEKOPEKTHHX 3a1ad
Marepiano3HaBcTBa. Buknad ocnoenozo mamepiany. Ha nincrasi aHaiisy KiIbKiCHOT Ta SIKICHOT OLIHKK PeabHUX CTPYKTYp Oaratbox
3aITi30BYIJICLEBUX CIUIABIB CIIOCTEPIralOThCs ASsIKi 3HAYHI, Ul BUKOPUCTAHHS B MPAKTHYHUX LUIIX, PO3ODKHOCTI MiX pe3ysbTaTaMu
NPSIMUX eKCIIEPUMEHTIB, 1 pe3yJbTaTaMH iX MpPOrHO3yBaHHs. PO3MIISIHYTO OCHOBHI CIOcoOW perymsipu3aiii 3amad igeHtudikanii
OararorapamMeTpu4HUX 00'€KTiB, BUOOPY KpHUTEpiiB onmThMizamii OaraTOKpUTepialbHUX TEXHOJIOTIH, PaHKUPyBaHHS KPHUTEPIiB SIKOCTI
OararorapaMeTpHYHHUX TEXHOJOTiH, OWIHKM sKocTi MarepiamiB. [lokazaHo, o peryaspusalis yYMOBHO HEKOPEKTHHX 3ajad B
MaTepialo3HaBCTBI MPUIAHSATHA i3 3aCTOCYBAaHHAM KOHKPETHHX aJTOPUTMIB JUIs KOYKHOI'O KOHKPETHOTO BUNaKy. Bucnoexu. TlokazaHo,
IO JIesiKa YaCTHHA YMOBHO HEKOPEKTHHX 3aJay BHPILIYEThCS IUIIXOM 3aCTOCYBaHHS MOBH BHIIOTO PIiBHS — MOBH (hpakTajibHOI
reoMeTpii.

Kniouosi cnosa: HeKOpEKTHI 3a1a4i; 6araTonapaMeTpruyHa TEXHOJIOTIsE; 00J1acTh CaMONOAIOHOCTI; MaTepiain; peryispu3alis
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AHHOTanms. Beedenue. HexoppekTHOCTh 3a/a4, B OCHOBHOM, OOYCJIOBJE€HA HEMOJHOTOW HX (POpMalbHOIl aKCHOMATHKH,
SBJISIOLIEIICS CIIENCTBUEM HENOJIHOTHI HAIIMX 3HaHUN 00 oObekTe naeHTHUKAnUK. JJaHHbIH (GaKT CBUACTEIBCTBYET O HEIOIHOTE
(bopMabHON aKCHOMATHKHU, KOTOPAsk BO3HUKAET IPH OIMUCAHUM 3JIEMEHTOB CTPYKTYpPbl METAJIJIa C IIOMOLIBIO TPAJUIMOHHBIX HHUIYp
reoMeTpud EBKIMzAA, 4TO MHUIMUPYET HEOOXOAMMOCTh MCIIOJIB30BaHUS APYIHX, MEPCHEKTHBHBIX MOAXOM0B K OLEHKE CTPYKTYpBI.
Ilenbio paGoTHI SBISIETCS YCTAHOBJICHWE DEIIEHHH HEKOTOPHIX YCIOBHO HEKOPPEKTHBIX 3a]a4 MarepuaioBeneHus. H3znoscenue
ocnoenozo mamepuana. Ha ocHOBaHMM aHainM3a KOJNMYECTBEHHOM M KadeCTBEHHOW OIGHKH pEAJbHBIX CTPYKTYpP MHOTHX
XKEJIE30yTJICPOJMCTEIX CIDIABOB HAONIONAIOTCS HEKOTOPBIC 3HAYHMTENBHBIC, JUI HCIOJIB30BAHUS B IPAKTUUSCKHX LEIIAX,
PACXOXKICHUS MEXIy pe3ylIbTaTaMH IPSIMBIX JKCIEPUMEHTOB, M pe3ylbTaTaMH HX MPOTHO3MPOBAHHSA. PacCMOTpEeHBI OCHOBHEIE
CrocoObl  peryysipu3aluy  3a7ad4  MIACHTU(QUKALUM MHOTONapaMeTpUYecKnX OOBEKTOB, BHIOOpPAa KPUTEPHUEB ONTHMHU3ALUH
MHOTOKPHTEPHAIIHBIX TEXHOJIOTUH, PAaH)XHPOBAHHS KPUTEPUEB KaueCTBA MHOTONApPaMETPUYECKUX TEXHOJIOTMH, OLEHKH KayecTBa
MatepuanoB. [loka3aHo, YTO perysspu3alis YCJIOBHO HEKOPPEKTHBIX 3aJad B MaTepUANOBEACHUM IIPUEMIEMa C IPUMEHEHHEM
KOHKPETHBIX aJITOPUTMOB JUISl KXKJJOr0 KOHKPETHOTO cityyasi. Ber6oowt. IToka3aHo, YTO HEKOTOPAs 4acTh YCIOBHO HEKOPPEKTHBIX 3a/a4
pelaercs myTeM NPUMEHEHYs A3bIKa 00Jiee BHICOKOTO YPOBHS — A3bIKa (PPaKTaIBHON TEOMETPHH.

Knrouesvie cnosa: HCKOPPCKTHBIC 3aJadu; MHOrornapaMeTpudecKkass TEXHOJIOTHA; o0J1acTb CaMOHOZ[06I/I$I; MaTtepualibl;
perynspu3anus
In materials science, to study the structure and
Introduction properties of metals and alloys, there are applied the
traditional methods of X-ray analysis, optical and
electron  microscopy, thermal analysis, electron
microprobe sounding, nuclear magnetic resonance,
Auger spectroscopy, etc. Interconnections of the metal
structure parameters and the complex of their physical
and mechanical properties are considered in a large
number of works (see, for example, [7—9]), where, in
particular, in the paper [l10] it is noted that
[.V. Tananayev, developing N.S. Kurnakov’s concepts of
phase-rule diagrams and diagrams of «composition —
property», remarked that it is necessary to replace the
triad («composition — structure — properties») with a
quadriga including another structural characteristics and
Statement of basic materials dispersion of the structure components. This approach
makes it possible to take into account the impact of the
metal structure elements on the metal properties.
However, the difficulty lies in the fact that many
elements of the metal structure, owing to the complicated
configuration, do not readily lend themselves to the
quantitative description, which leads to loss of important
information about the tandem of structure — properties.
Such characteristics can include the currently existing
assessment of the metal microstructure elements by
means of regulatory documents using mainly the
appraisal by points. The subjectivity in estimating the
metal structure parameters is observed, for example,
when numerically assessing the flake vermicular
graphite, ledeburite eutectic, acicular ferrite, martensite
needles, Widmanstatten ferrite, upper and lower bainite,
troostite, grain boundaries, etc., which is explained by

The setting of ill-posed problems, as a rule, is
formulated taking into account the mutual influences of
all elements of their components, which initiates the need
to describe these interactions at micro- and macrolevels.
Hereafter, such problems became widespread in
statistics, logic, economics and human relationships and
this fact is confirmed by the spectrum of topics listed in
them. It should be noted that the problem is ill-posed in
the following circumstances: the problem includes more
than one solution; the problem has unstable solution (in
the sense that the solutions may differ widely with a
relatively small change in the initial data) [1].

The ill-posedness of the problems is mainly caused
by the incompleteness of their formal axiomatics [2],
which is a consequence of the incompleteness of our
knowledge of the object of identification [3].

According to the principle of “external additions” of
Stafford Beer [4], incompleteness of formal axiomatics
may by partly compensated by application of higher-
level language than those at which the problem was
stated. For example, fractal geometry language [5; 6]
allows estimating objects structure more strictly in
comparison with integral-valued Euclidean geometry. At
the same time, the information on interatomic and
intermolecular interactions is not enough for an adequate
description of the materials, and this obliges the
researcher to apply statistical methods with correction
factors.
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the complex configuration of their shape. To identify
such structures, there is probably a need of introducing a
new quantitative index.

Difficulties in the metal structure assessment
initiate the search of new assessment approaches in
order to determine the spectrum of the metal
mechanical properties. It is referred to properties that
would ensure, at the lowest possible cost, the required
accuracy of the research results.

Materials science ill-posed problems mainly include
problems in which the following is considered:

— Influence of various damages of the materials
structure.

— Influence of the material composition.

— Influence of technological factors (conditions of
product manufacture, processing type as well as
conditions of operation environment and etc.).

— Structural stability of material (retention of
material structure within the prescribed limits on
exposure to different factors).

— Receipt of new materials.

In order to avoid unnecessary randomness in
presenting the purpose of this paper we exclude the
cumbersome formalization of each particular problem,
which can be found in the indicated primary literature
published in the leading newspapers, which makes the
description of the method of its regularization more
adequate.

Depending on stated goals, materials science
problems divide into ill-posed and conditionally ill-posed
problems. Ill-posed problems include those ones which
do not have a solution. Conditionally ill-posed problems
of materials science include those ones which have a
solution in the defined areas. The last is feasible through
regularization which involves addition of useful
information to the specified conditions.

The following is considered as an example of
materials science conditionally ill-posed problems:

1. Regularization of identification problem of multi-
parameter object [11; 12].

2. Regularization of problem of criterion selection for
multi-criteria technology optimization [13; 14].

3. Regularization of problem of multi-parameter
technologies quality criteria ranging [15].

4. Regularization of problem of metal
characteristics estimation [16; 17].

5. Regularization of problem of the object model
selection [18; 19].

6. Regularization of nanotechnology model selection
[20].

According to the first paragraph, model of the self-
similarity area key parameter is suggested as an operator
to regularize a multi-parameter object; this parameter is a

quality

function of temperature, pressure, cooling agent
consumption and capacity. This regularization allows
reducing probability of occurrence of abnormal situation,
as key parameter nears one of the boundaries of the self-
similarity area.

In the second paragraph regularization is shown
using the manufacturing technology of cast iron rolls.
The following algorithm is suggested as a regularizing
operator: a) determination of effective range of
technology parameters in compliance with the regulatory
documents b) determination of effective range section
with suboptimal properties ¢) determination of
compromise criterion with minimally contradictory
product quality indexes.

In paragraph 3 problem of multiparameter
technologies quality criteria ranging is regularized
through comparison of values of the self-similarity area.

In paragraph 4 regularization of problem of metal
quality estimation is implemented through creation of
operator of metal mechanical properties.

In paragraph 5 regularization of problem of object
selection is implemented through application of the
operator which includes the following algorithm:
Selection and validation of key parameter.

— Validation of belonging of the identification object to
a particular type and class.

— Determination of self-similarity boundaries of the
identification object.

Interpretation of results obtained during modeling
process.

Taking into consideration the promising area of

modern materials science that includes nanotechnologies
the solution of these problems is characterized by a
conditional ill-posedness, which is caused by physical
regularities based on the description of interaction
processes based, in particular, on fractal formalism.
In connection therewith, in paragraph 6, the possible
operators are nanomaterials with specified functions
when using viruses, in which their surfaces represent
special tools for passing of biological barriers. Moreover,
the viruses are under study as a as samples for molecular
electronics modeling [20].

The change in the parameter range of each
conditional ill-posed subproblem is set taking into account
the acceptable quantifiable presentational values.

Conclusions

The paper shows that variety of materials science
conditional ill-posed problems initiates the variety of
individualized methods of regularization that performs
the complexity and necessity of their reasonable
scientific realization.
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	ВЛИЯНИЕ НЕМЕТАЛЛИЧЕСКИХ ВКЛЮЧЕНИЙ �НА ФОРМИРОВАНИЕ СТРУКТУРЫ СТАЛЬНОЙ МАТРИЦЫ �ПРИ ВЗРЫВНОМ НАГРУЖЕНИИ

	Аннотация. Цель работы – исследование локализации деформации вблизи включений в сталях с разным типом металлической матрицы и поведения самих включений при импульсном нагружении. Методика. Проводили динамическое нагружение образцов сталей Э3 и 08Х18Н10Т по схеме метания тонкой пластины. Давление по расчету составляло �80…90 ГПа, скорость деформации 100 с-1, время воздействия 1,5·10-6 с. Исследования выполняли несколькими методами: металлографическим («Neophot-21»), электронномикроскопическим (JSM-35). Результаты. Исследованы особенности локальных изменений структуры стальной матрицы вблизи неметаллических включений при импульсном нагружении. Обсуждаются процессы локализации деформации вблизи включений в сталях с разным типом металлической матрицы и поведения самих включений при импульсном нагружении. Проанализировано влияние физических особенностей. Установлено, что напряжения, локализованные в стальной матрице вблизи включений, вызывают их разрушение. Научная новизна. Проведен анализ зон пластической релаксации в стальной матрице, позволивший утверждать об образовании областей с различной ориентировкой, что свидетельствует о сдвигово-поворотной переориентации этих зон релаксации напряжений вблизи включений в результате пластической деформации, имеющей волновую природу. Определены общие закономерности структурообразования и показано влияние типа кристаллической решетки матрицы сталей Э3 и 08Х18Н10Т на развитие локализации деформационных процессов вблизи включений. Практическая значимость. Полученные результаты помогут разработать режимы импульсной обработки давлением, позволяющие влиять на формирование структуры вблизи неметаллических включений в сталях раличного назначения. 

	Abstract. Purpose. The goal of this work was to study the localization of deformation near inclusions in steels with various types of metal matrix and the behavior of the inclusions themselves under pulsed loading. Methodology. Dynamic loading of the samples of steels E3 and 08H18N10T was carried out according to the scheme of throwing a thin plate. The calculated pressure was �80...90 GPa, strain rate 100 s-1, exposure time 1.5 · 10-6 s. The studies were carried out by several methods: metallographic ("Neophot-21"), electron microscopic (JSM-35). Findings. The features of local changes in the structure of the steel matrix near non-metallic inclusions under pulsed loading were studied. The processes of localization of deformation near inclusions in steels with various types of metal matrix and the behavior of the inclusions themselves under pulsed loading are discussed. The influence of the physical features of high-speed deformation on the formation of the structure of steels and the processes of its localization near inclusions were analyzed. It was established that stresses localized in a steel matrix near the inclusions cause their destruction. Scientific novelty. The analysis of plastic relaxation zones in a steel matrix was carried out, which made it possible to confirm the formation of regions with various orientations, which indicates a shear-rotational reorientation of these stress relaxation zones near inclusions as a result of plastic deformation having a wave nature. The general patterns of structure formation were determined and the influence of the crystal lattice type of the matrix of steels E3 and 08H18N10T on the development of localization of deformation processes near inclusions was shown. Practical relevance. Using the results obtained will allow us to develop pulsed pressure treatment regimes that allow you to influence the formation of the structure near non-metallic inclusions in various steels.

	Введение

	Стальные изделия иногда подвергают различным нетрадиционным обработкам, в частности, взрывному воздействию с целью получения метастабильных структур, обеспечивающих повышенный уровень физических, механических, функциональных характеристик [1–4]. Представляет интерес изучить роль неметаллических включений в протекании фазовых и структурных превращений в стальной матрице, а также исследовать изменения в самих включениях. Цель работы – исследование локализации деформации вблизи включений в сталях с разным типом металлической матрицы и поведения самих включений при импульсном нагружении.

	Материалы и методики

	Проводили динамическое нагружение образцов сталей Э3 и 08Х18Н10Т по схеме метания тонкой пластины. Давление по расчету составляло �80…90 ГПа, скорость деформации 100 с-1, время воздействия 1,5·10-6 с. Исследования проводили несколькими методами: металлографическим («Neophot-21»), электронномикроскопическим �(JSM-35).

	Результаты исследований и их обсуждение

	При взрывной обработке ударные волны создают высокие напряжения, которые локализуются в узком фронте распространения волн и вызывают высокоскоростную пластическую деформацию. Пластические акты осуществляются не в однородном поле напряжений, а при концентрациях напряжений, в том числе и вблизи включений. Концентрации напряжений непрерывно возникают и релаксируют, создавая сильно возбужденные состояния в локальных объемах стальной матрицы вблизи включений [5–7]. Распространяющиеся в образце ударные волны при встрече с включениями, имеющими волновые импедансы, отличные от таковых для матрицы, вызывают импульсы соударения.
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