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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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Анотація. Вступ. Некоректність задач, в основному, обумовлена неповнотою їх формальної аксіоматики, що є наслідком 
неповноти наших знань про об'єкт ідентифікації. Даний факт свідчить про неповноту формальної аксіоматики, яка виникає при 
описі елементів структури металу за допомогою традиційних фігур геометрії Евкліда, що ініціює необхідність використання 
інших, перспективних підходів до оцінки структури. Метою роботи є встановлення рішень деяких умовно некоректних задач 
матеріалознавства. Виклад основного матеріалу. На підставі аналізу кількісної та якісної оцінки реальних структур багатьох 
залізовуглецевих сплавів спостерігаються деякі значні, для використання в практичних цілях, розбіжності між результатами 
прямих експериментів, і результатами їх прогнозування. Розглянуто основні способи регуляризації задач ідентифікації 
багатопараметричних об'єктів, вибору критеріїв оптимізації багатокритеріальних технологій, ранжирування критеріїв якості 
багатопараметричних технологій, оцінки якості матеріалів. Показано, що регуляризація умовно некоректних задач в 
матеріалознавстві прийнятна із застосуванням конкретних алгоритмів для кожного конкретного випадку. Висновки. Показано, 
що деяка частина умовно некоректних задач вирішується шляхом застосування мови вищого рівня − мови фрактальної 
геометрії. 

Ключові слова: некоректні задачі; багатопараметрична технологія; область самоподібності; матеріали; регуляризація 

МЕТАЛОЗНАВСТВО ТА ТЕРМІЧНА ОБРОБКА МЕТАЛІВ № 4-2019  ISSN 2413-7405

47 



 

ПУТИ РЕГУЛЯРИЗАЦИИ НЕКОРРЕКТНЫХ ЗАДАЧ 
МАТЕРИАЛОВЕДЕНИЯ 

ДУБРОВ Ю. И.1, д. т. н., проф., 
ВОЛЧУК В. Н.2*, д. т. н., доц. 

1 Кафедра материаловедения и обработки материалов, Государственное высшее учебное заведение "Приднипровская 
государственная академия строительства и архитектуры", ул. Чернышевского, 24-а, 49600, Днипро, Украина,  
тел. +38 (0562) 47-39-56, e-mail: mom@mail.pgasa.dp.ua, ORCID ID: 0000-0002-3213-4893 
2* Кафедра материаловедения и обработки материалов, Государственное высшее учебное заведение "Приднипровская 
государственная академия строительства и архитектуры", ул. Чернышевского, 24-а, 49600, Днипро, Украина,  
тел. +38 (0562) 47-39-56, e-mail: volchuky@gmail.com, ORCID ID: 0000-0001-7199-192X 

Аннотация. Введение. Некорректность задач, в основном, обусловлена неполнотой их формальной аксиоматики, 
являющейся следствием неполноты наших знаний об объекте идентификации. Данный факт свидетельствует о неполноте 
формальной аксиоматики, которая возникает при описании элементов структуры металла с помощью традиционных фигур 
геометрии Евклида, что инициирует необходимость использования других, перспективных подходов к оценке структуры. 
Целью работы является установление решений некоторых условно некорректных задач материаловедения. Изложение 
основного материала. На основании анализа количественной и качественной оценки реальных структур многих 
железоуглеродистых сплавов наблюдаются некоторые значительные, для использования в практических целях, 
расхождения между результатами прямых экспериментов, и результатами их прогнозирования. Рассмотрены основные 
способы регуляризации задач идентификации многопараметрических объектов, выбора критериев оптимизации 
многокритериальных технологий, ранжирования критериев качества многопараметрических технологий, оценки качества 
материалов. Показано, что регуляризация условно некорректных задач в материаловедении приемлема с применением 
конкретных алгоритмов для каждого конкретного случая. Выводы. Показано, что некоторая часть условно некорректных задач 
решается путем применения языка более высокого уровня – языка фрактальной геометрии. 

Ключевые слова: некорректные задачи; многопараметрическая технология; область самоподобия; материалы; 
регуляризация

Introduction 

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]. 

Statement of basic materials 

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. 

In materials science, to study the structure and 
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 [10] it is noted that 
I.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 
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 
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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 quality 
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 

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 c) 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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