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Abstract Model results of solidification processes as a bridge between individual sciences are presented. There is a historical analysis of the 

development of knowledge and methodologies in different sciences. A methodological scientific approach has been used. It is proposed to 

develop known scientific methodologies with the expansion of new results. Representations are modeling results in low volume solidification. 

These tasks are convenient in a mathematical description of an additive approach. 
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1. Introduction – science, phase transitions, 

technologies and complex. 

The historical basis of science is the philosophy of Hellenism, 

from which separate sciences such as Mathematics, Physics, 

Chemistry, Medicine, etc. In our view, our contribution to the 

development of civilization is to strive for a high standard of living. 

Today this is achieved in a sustainable democracy and a highly 

developed market economy. 

Every person needs to: 

Healthcare. Health: Normal with maximum lifespan; Condition 

of disease cured or non-curable; Every person needs to have 

specific mobility depending on their domicile: big garde, small 

town, village, and neighborhood;  

Lifelong learning. Knowledge – mandatory excellent 

knowledge and its development. Knowledge provides the maximum 

opportunity for the most appropriate profession choice. The life of 

the profession may not be debt or new knowledge is needed. The 

specificity of the profession is transmitted as a relay through 

training; 

Science is the creator and driver of knowledge, based on 

historical developments in the 20th century after Christ [14]: 
Definition 1. (Wider classical meaning) [14]: Science is a 

systematized, credible knowledge convincingly explained through 

logic; Definition 2. (Contemporary Closer Sense) [14]: The 

modern philosophy of science restricts the scope of knowledge, 

which is experimentally verifiable on the basis of the scientific 

method (the method is of Greek origin and means "study, doctrine, 

and way of knowledge"); Definition 3. The scientific method is 

[14]: a system of principles (evolving and changing), through which 

an objective knowledge of reality is reached; 3.1 Description: 3.1.1 

Explore the phenomenon of description. Collect data and/or 

measure; 3.1.2 Consider the results and formulate a hypothesis for 

their explanation; 3.1.3 Assume, on the hypothesis, something you 

have not yet observed; 3.1.4 Verify that the assumptions are correct 

with further studies and / or experiments; 3.1.5 Consider the 

hypothesis whether it is true: If not all assumptions are correct, then 

the hypothesis is not correct. Then formulate a new hypothesis. If 

the assumptions are correct, make new assumptions and check them 

again. 

By definition 2 science is divided into: natural; social; formal; 

applied. 

Group 1 of Natural Sciences [1419]. The subject matter of 

the study is the phenomena of nature through the principles of 

observations, analytical methods and the possibility of verifying 

the conclusions by repetitive experiments. Natural sciences with 

their sections and areas are presented in Tables 1 to 4: 

Table 1: Natural Sciences [1419]. 

NATURAL SCIENCES 

Astronomy, Biology, Ecology, Earth Sciences, Physics, Chemistry; 

Table 2: Biology [14]. 

BIOLOGY 

Areas: Anatomy, Biochemistry, Bioinformatics, Cellular Informatics, 

Evolutionary Biology, Anthropology, Hydrobiology, Molecular Biology, 

Botany, Ecology, Astrobiology, Genetics, Biogeography, Microbiology, 

Origin of Life, Paleontology, Parasitology, Physiology, Taxonomy, 
Zoology. 

Table 3: Химия [1419]. 

CHEMISTRY 

Physical Chemistry: Electrochemistry, Quantum Chemistry, Material 
Science, Thermochemistry, Physical Chemistry of Surfaces, 

Photochemistry, Chemical Kinetics, Chemical Physics, Chemical on Solid; 

Organic Chemistry: Bioinorganic Chemistry, Bioorganic Chemistry, 

Biophysical Chemistry, Elemental Organic Chemistry, Metallurgical 

Chemistry, Pharmaceutical Chemistry, Physical Organic Chemistry, 
Chemical Biology, Chemistry of Polymers; Inorganic Chemistry: Cluster 

Chemistry, Nuclear Chemistry; Other: Analytical Chemistry, 

Geochemistry, Computational Chemistry, Chemical Engineering, 

Overmolecular Chemistry, Theoretical Chemistry, Chemical 

education, Environmental chemistry. 

Table 4: Physics [1419]. 

PHYSICS 

Areas: Acoustics, Astronomy, Astrophysics, Atmospheric Physics, 
Atomic, Molecular and Optical Physics, Biophysics (Medical Physics 

Neurophysics) Geophysics, Electrodynamics, Quantum Field Theory, 

Quantum Physics, Mathematical Physics, Mechanics (Classical Mechanics 
Continuous Mechanics Quantum Mechanics Fluid Mechanics), Non-linear 

dynamics, Optical, Special and General Theory of Relativity, Statistical 

physics, Thermodynamics, Elementary particle physics, Physics of the 
solid body, Physics of condensed matter,  Physical chemistry, Nuclear 

physics. 

Experimental physics, Theoretical physics. 

 

Group 2 of the Social Sciences [1419]. Subject of study of 

human behavior and society with the same principles of study as in 

group 1. Table 5 presents the social sciences and their fields; the 

humanities and areas are - Table 6: 

Table 5: Social and Humanities sciences [1419]. 

SCIAL SCIENCES 

Areas: Anthropology, Demography, Economics, Information Sciences, 

History, Geography, Cultural Studies, Linguistics, International 

Development, Management, Media Studies, Education, Political Science, 
Law, Psychology, Sociology. 

Table 6: Хуманитарни науки [1419]. 

HUMANITIES SCIENCES 

Areas: Ancient and Modern Languages, Literature, History, Philosophy, 

Religion, Visual, Theatrical arts and Music, Anthropology, Field Studies, 
Communication Science, Cultural Studies. 
 

Group 3 of Formal Sciences [1419]. They are not science in the 

narrow sense of Def. 2, since the abstract nature of their subject does not 

allow experimental verification. At the same time, the study has an objective 

character of mathematical logic that derives not from empirical data but 

from a priori postulates. The most important formal science is 

mathematics, because its application in an area of empirical 

knowledge is becoming a scientific field. The divisions and areas of 

mathematics are - Table 7: 
Table 7: Formal sciences [1419]. 

MATHENATICS 

Division of mathematics: Pure mathematics, Applied, Discrete, 

Computing (Computer); 

Algebra (Abstract Algebra, Linear Algebra), Mathematical Analysis 
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(Vector Analysis, Complex Analysis, Functional Analysis, Harmonic 
Analysis), Arithmetic, Geometry (Analytical Geometry, Differential 

Geometry, Euclidean Geometry, Stereometry, Trigonometry), Discrete 

Mathematics, Mathematical Logic, Statistics, Mathematical Physics, Set 

Theory, Numerical Theory, Probability Theory, Topology, Algebraic 

Topology, Numerical Analysis. 
The working language of science today is mathematics. Using 

mathematics in a field with empirical knowledge turns this area into 

science. 

Fundamental Science []: aims to discover and accumulate 

fundamental laws about nature that extend the limits of human 

knowledge to nature, man, and society. It is "pure", "fundamental" 

science or "blue sky" science. Fundamental research is funded only 

by the state: scientists have the highest qualifications and 

knowledge of all fields of science; expensive experiments are 

needed; most often the final one is negative. History showed 

[1422], that fundamental science develops knowledge and 

influences on: human life  medicine; society  security; every 

discovery is news and / or a political event; the notion of science 

identifies itself as fundamental science, for example Louis Pasteur 

says [21] "There is no pure science and applied science, but only 

science and the application of science." We can say the social role 

of fundamental science is through the applied sciences [21]. 

Businesses fund the application of fundamental results through its 

research laboratories. The most accurate example is the entry of 

business into space. Smaller companies also need high-tech 

knowledge and they also need to have their own specific applied 

assessments due to the severe competition. 

 

Group 4 of Applied Sciences [1419]. Applied sciences 

explore the possibility of using the results of fundamental research 

in life using scientific methods. Examples of applied sciences are: 
Table 8: Healthcare науки [1419]. 

HEALTHCARE 

Medicine, Veterinary, Dentistry, Midwifery, Epidemiology, Pharmacy, 
Nursing 

Table 9: Engineering науки [1419]. 

 

Applied sciences are the reason for managerial decisions in 

the financing of fundamental sciences. For these management 

decisions, [22] an ontology model (ontology – research and 

understanding of the whole reality) is proposed. For example, an 

important study is: the application of a fundamental result is 

photovoltaic panels and hydrogen fuel cells as family-friendly 

environmental technologies; Understanding the whole reality is the 

criteria for a living standard, such as the required money per person 

(family member) for one month. Another example is a 3D printer as 

an additive technology. The structure of the ontological model is 

[22]: model building; aggregation and processing of information; 

analysis and correction of the model; obtaining a decision; 

implementing the result in practice for adopting management 

decisions (the English term is decision making).  

The history of science overlaps with the history of philosophy 

because it begins with the philosophical study of nature [1419]: 

Pre-antique period 6 – 6 century before Christ; Getting the 

knowledge of "nature" and "society" with the exact difference 

between them - philosophy, developed by philosophers-physicists 

with a strong interest in astronomy; Antique Period: Ancient 

Greek, Hellenistic 323-30 BC; A pervasive moment in the history 

of philosophy makes Socrates attempt to apply the philosophy of 

studying man, society, human knowledge, practically the best way 

of life without arguments for other types of applied sciences. 

Aristotle creates a less controversial program to study the 

philosophy of Socrates, which is theological with the person in the 

center. Aristotle makes a sharp line between the science and the 

practical skills of craftsmen. Aristotle's teachings most influence the 

theoretical steps to derive universal rules from raw data, rather than 

respecting the gathering of raw data as part of science itself; 

Medieval Late Antiquity Early Middle Ages 13-century after 

Christ; Modern Renaissance Philosophy 1416c. Nicholas 

Copernicus heliocentric model of the solar system and Galileo 

Galileo new approach to using experiment and mathematics. René 

Descartes gives philosophical arguments for the study of nature 

with mathematics. Francis Bacon emphasizes the importance of the 

experiment to contemplation and highlights science and practical 

inventions about human life. Enlightenment 1718c. after Christ; 

Contemporary 19 – 20 c. after Christ. 

The philosophy of science is called [14] a section of 

philosophy that explores the foundations, prerequisites and 

conclusions of science: (Paradigm: The Mechanism Underlying the 

Success of Science.) (Epistemology – original scope and 

peculiarities of knowledge) and of (Ontology – research and 

understanding of the whole reality). For the philosophy of any 

science philosophy of mathematics, philosophy of history, 

philosophy of physics, etc. are needed Paradigm, Epistemology and 

Ontology. Turning to the philosophy of social sciences is a pressing 

challenge for any government to create, develop and maintain 

modern criteria for living standards. The living standard is a 

dynamic magnitude and is a function of the economy as it is 

influenced by economic cycles.  

2. Solidification Temperature Field – Based Task 

Material Science. The basic processes of material science are: the 

phase transitions of the first (casting) and the second (heat 

treatment) order in which the structure is created (at the atomic 

level). The structure is the carrier of the working properties of the 

materials. To use and work with a huge amount of rigorous 

scientific information and we suggest using heuristic methods {26}. 

We use basic strict and exact scientific concepts [26]: (Paradigm: 

the mechanism behind the success of science); (Epistemology - 

Original Scope and Characteristics of Knowledge); (Ontology - 

Exploring and Understanding the Whole Reality).; Definition of W. 

Corfield of complexity [25] – a model consisting of six phases of: 

1chaos  2sidedness  3unforeseen complexity  4situational 

or contextual (transport) conversion  5diffusion (diffusion) and 

administration  6unpredictability uncertainty  1chaos. So we 

get a set of research opportunities: Paradigm, Epistemology, 

Ontology, Heuristic, Complexity and the end Mathematical 

formality with 

-Stefan – Schwartz 3D numerical task FEM, 

 in , (1, 1) 

,                             (1, 2) 

,                        (1, 3) 

,                             (1, 4) 

Where indexes – L liqud, S solid, boundary L|S, work surfaces C|M 

(cast|mold), M boundary environment; VL, L|S, VS, C|M, VM, M, – 

liquid volume, front of solidification, solid volume, work surface 

cast|mold; c, ,  -  T – temperatures; thermophysical quantities. 

heat capacity, heat conductivity, density; QL – melting latent heat; R 

– velocity of froth; eq.(1, 2,3,4) are boundary conditions;  

-Kashchiev based kinetic and task of crystallization 

,                                                       (2, 1) 

,                                             (2, 2) 

 
for                                                                    (2, 3) 

Zn,- total number  of nucleus in the system of n particles, Zm (n) – 

number of nucleus of m (n) particles; fmn (nm) - transition frequencies 

attachment (detachment); Kn, Ln – frequencies transient frequencies 

ENGINEERING 

Aerospace, Agricultural, Biological, Biomedical, Chemical, Civil, 

Computer science/engineering, Electrical, Fire protection, Genetic, 

Industrial, Information, Mechanical, Military, Mining, Nuclear, 

Operations research, Robotics, Software, Web. 
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from non-aggregate exit and entry processes;  Wn – driving force 

work of nucleation for nucleus  build of n particles; Tm, T – 

temperatures of melting and cooling; F depends of geometry of 

surface,  – surface energy; 

-nano Stefan analytical 1D task in t in three areas 

, important – give the driving force and the latent heat of melting;  

,                                                          (n, 1) 

,                                                           (n, 2) 

,                                                      (n, 13) 

 ,                                                               (n, 4) 

                 (n, 5) 

                                                              (n, 6) 

,                                      (n, 7) 

,                                (n, 8), 

, ,                               (n, 9) 

Classical theory of this kind eq.(1) eq.(2) eq.(n) is very 

convenient because it is open to interaction with other scientific 

areas [28]. The following figures 1 to 4 are discussed in a common 

methodology: 

 
Fig. 1 Controllability of phase transition at casting and heat treatment 

 the correct course of a technological process;   deviation and 
correction to normal stroke  [24]. 

 
Fig. 2 Solidification I complex geometry and work of nucleation W(n)  with 

functions Z(n, t) schematically presented.  

 
Fig. 3 Principle scheme of office of knowledge transfer to innovation the 

subject of cast technology – Design of structures & Working properties 
model of R. Georgiev. 

Business branches; Office for transfer of knowledge; full knowledge are 

whites  and  innovations ideas + areas of our transfer are the grays; 
Target group of companies; Full analysis of generated innovation – micro-

foundry. 

 

Fig. 4 Kunz and Rittel's logical formula for organic chemistry research, but 
it has a general meaning and an advantage because it is presented 

algorithmically [26, 27]. 
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The fact that the scheme is formal makes it very up-to-date and 

today, along with the scheme of knowledge transfer offices. 

Here, in addition to heuristic principles and methods, two 

results are presented, the role of which is to be bridges between 

different scientific fields: These are the Stefan’s type tasks. The first 

result is the solidification of a parallelepiped space and the task is 

one-dimensional at the temperture. The second result is 

solidification of nano-sized ceramic material with high level; 

 

Fig. 5 1D temperature field of solidification of pure Al. Second result is 

solidification sphere of ZrO2.  

The dimensions considered are convenient for mathematical 

modeling of the 3D printer technologies. With such tasks it is 

convenient to develop complicated tasks: for example, hardening of 

the complex molding of the figure above can be made with printer 

technology.  

3D printer technology has the advantage of a high level of 

additivity [1, 2, 13, 23]. 3D The 3D printer allows direct monitoring 

of the process of complex mathematical modeling while 

maximizing tracking of parameters related to the structuring 

process. 3D printer may also be an arbitrator in a paradigm crisis 

especially in applied science. For example, our institute was 

developing alloys between high-volume and low-melting metal. 

The 3D printer can help in a great deal with fundamental research 

using a different type of energy impact. 

Освен материали разработвани в нашият институт  In addition 

to the materials developed in our Institute [3, 4, 5, 11, 12] 3D the 

printer allows to tie in with high technology, for example, the 

machine casting methods. 

For example, there is a direct connection between A. Balevski's 

metal science [8] and the solid physics of M. Borsov [9]. It is quite 

natural to relate the mentioned works to work [10]. Opportunities 

increase greatly in terms of labor [26], where there are precise 

methodological ideas of heuristics and a multi-scale approach of 

research. 

3. Conclusions 

A quantitative link is proposed through micron and nano-

hardening tasks for use in: 

1. Fundamental studies of the phase-structure structuring 

processes, especially of the first generation. 

2. Such mathematical research expands the possibilities of 

additivity between different scientific fields and conducting 

experiments. 
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