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Аннотация 
Проанализировано происхождение терминологии по наследственности материалов. Термины “проект генома материа-

лов” и “инициатива генома материалов” возникли в 2008 и 2011 г.г., а “гетерогенный дизайн” и “генотип гетерогенного 
материала” - в 1998 и 2001 г.г.  
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Abstract 
Origin of terminology on materials heredity has been analyzed. Keywords “materials genome project” and “materials genome 

initiative” appeared in 2008 and 2011, and “heterogeneous design” and “genotype of heterogeneous material” − in 1998 and 2001.  
Keywords: materials genome, genotype, heredity, heterogeneous design (HD), concentration fields, phase diagram (PD), 

trajectory of phases, crystallization scheme, microstructure, crystals of different sizes competition 
 
History of the materials heredity was presented for the participants of the 5th International Conference on 

nanomaterials and technologies [1].  
As many opinions exist in this field, main results of the two RFBR projects have been summarized: # 98-

03-32844 “The design of the microstructures of multi-component materials according to the equations of the 
boundaries of single-phase regions” (1998-2000) and # 01-03-32906 “The genotype of heterogeneous 
material (boundary of concentration domains with the unique schemes of phase transformations and 
thermodynamically unstable fragments of phase fields in the multidimensional diagrams of the known and 
forecasted topological types)” (2001-2003).  

Both these projects were fulfilled by the employee of the Materials computer-aided engineering sector at 
the Institute of Physical Materials Science (Siberian Branch of the Russian Academy of Sci.) in Ulan-Ude:  
http://ipms.bscnet.ru/  http://ipms.bscnet.ru/labs/skkm.html   

Along with the well-known and wide-spread "molecular design" and "structural design", this new 
approach in solid state chemistry and physics – heterogeneous design (HD), materials genotype decoding - 
opens up new opportunities for multiphase materials engineering. 

Computer  model of a constitutional phase diagram (PD) is becoming an important tool to investigate 
multicomponent system, to correct the graphics of its sections, to design the miscrostructures of 
heterogeneous material, to decipher the genotype of ceramics and alloys. As a computer model of PD saves 
information about system in compact form and permits to receive any projection, isotherm and isopleth with 
the decoding of intersected surfaces and phase regions, it helps to discover the errors and incorrectly 
interpreted experimental data, especially in the cases of surfaces degeneration because of negligibly small 
sizes of homogeneous regions.  

Thermodynamic calculation doesn’t guarantee an accuracy of PD in whole. E. g., in the system Au-Sb-Bi 
two surfaces of solidus and solvus were lost, and later they were found by means of our PD computer model. 
3D model of PD may confirm original data, otherwise it will open (explain) the reasons for the errors.  

If 3D model is formed as a set of surfaces, it may be used only to check the geometrical features of PD. If 
3D model consists of phase regions, it permits to analyze the mass balances and to design the 
microstructures, confirming the results by mass balances: vertical ones for the given centre of masses and 
horizontal ones - for the isothermal states on the isopleth.  

A competition of tiny eutectical crystals with more large primary crystals of the same phase in the 
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invariant reaction with melt was investigated, and different variants of microstructures with more large and 
and with tiny crystals, and with the mixture of these crystals have been located in different concentration 
domains.   

When the phase regions are projecting on the concentration simplex, the latter is dividing into the 
concentration fields with the individual set of phase reactions and appropriate microstructures. Then the 
fields, which belong to the 3-phase regions, are dividing additionally by the surfaces of 2-phase reaction into 
the fragments with the different dynamics of phase masses increment. Every 3-phase region has 1-3 these 
surfaces of 2-phase reaction, and the sections of them are to be fixed on the isopleths and on the isothermal 
cuts. Analogously in the fields, connected with the invariant phase reactions, the domains with different 
results of the large and small crystals competition are allocated too. Like this thrice-repeated segmentation of 
concentrations space forms a genotype of multicomponent material. 

Main results of HD are published in [2-24] and presented at the international scientific forums [25-30]. 
For the last six years a special session “Phase Diagram as a Tool of Materials Science” [31] are 

organizing by our research team for the 2d , 3rd and 4th  International Conferences on Competitive Materials 
and Technology Processes: http://www.ic-cmtp2.eu http://www.ic-cmtp3.eu 
http://www.ic-cmtp4.eu  

The aim of this session is to discuss the key areas in material science and engineering based on phase 
equilibrium investigation: Thermodynamic calculations and experimental determinations produces  
sometimes PD with problems. The general Calphad produces PD by combining ab initio results, 
thermodynamic measurements data and phases simulation and lead to obtain a general view of the stabilities 
in the systems. Idea to assemble PD from phase regions  develops  additional  effective instrument for  
specialists in materials science and technology.  In these diagrams all 3-phase regions are divided into the 
fragments with eutectic (eutectoid) and peritectic (peritectoid) reactions. Concentrations fields of invariant 
reactions  permit to design microstructure of heterogeneous material.  Competition of crystals with different 
dispersity produces alloys and ceramics which differ by microstructure.  Any experimental or simulated 
section of phase diagram (isotherm and isopleth) may be corrected and verified. New technologies are 
offered to optimize experimental investigation.   
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Аннотация 
В статье представлены примеры эффективного использования трехмерных (3D) компьютерных моделей фазовых диа-

грамм металлических систем (сульфидно-металлических подсистем) при разработке бессвинцовых припоев, оптимизации 
технологии получения меди и никеля, анализе участия фаз Лавеса в смене типов фазовых превращений и ее влияния на 
микроструктуру сплавов.  

Ключевые слова: фазовые диаграммы, трехмерные компьютерные модели, бессвинцовые припои, смена типа трехфаз-
ной реакции, сульфидно-металлические системы, компьютерное конструирование материалов.  

 


