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First Dean of the Chemical Department of the Donetsk State Univer-

sity professor Marx V. Mokhosoev has written, that he had left a part of 
his heart in Donetsk (Ukraine) [1]. Fifty years ago, in 1966, he had given 
for his first-year students (freshmen) the project’s titles on the inorganic 
chemistry to compile the data on the constitutional phase diagrams (PD). 
As a result, 12 years later the handbook on the molybdate and tungstate 
systems has been published [2]. 

First experiments in the field of multi-component systems by a young 
research team in Donetsk were devoted to the systems of sulphates, mo-
lybdates, vanadates, phosphates and molybdenum anhydride (under the 
leadership of I.F. Kokot, B.V. Slobodin and G.G. Koshcheev). Later 
many students were engaged in this work in the lab room number 108 of 
the new chemical department building. Valery Artyemov burned on 
wood a portrait of the Academician Nickolay Kurnakov as a logo of our 
young research team in the lab room #108. That time we didn’t yet know 
about the mystery and auspicious of this number [3]. 

Students Valery Mank and Valentina Makarevskaya spent many 
evenings in the room #108 and were most successive publishing their 
results [4-5]. The dreams of this student team were realized later in Ulan-
Ude by the computer-aided materials design sector of the Institute of 
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Physical Materials Science (Siberian Branch of the Russian Academy of 
Sciences) [6]: http://ipms.bscnet.ru/labs/skkm.html  

First achievements were summarized earlier [7,8] at the Institute of 
the Natural Sciences (Siberian Branch of the USSR Academy of 
Sciences) under the auspices of the USSR Academy of Sciences corres-
ponding-member Marx V. Mokhosoev and professor Kuz’ma A. Nikifo-
rov, and new tasks were formulated [9,10]. Both monographs [7,8]  con-
tain the software listings as the supplement. 

Geometric and thermodynamic myths of the PD researchers may 
be rescinded by means of the space computer models [11]. Space 
models of multi-dimensional PD of multi-component systems are popu-
larized as a novel tool of materials scientists and metallurgists [12-13]. 

Different types 3D and 4D PD of the hypothetical and real ternary 
and quaternary systems were assembled from their (hyper)surfaces or 
phase regions [14-30].  

Participants of the 22d All-Russian student scientific conference were 
acquainted with the materials heredity decoding by the PD computer 
space models [31]. Young generation of the Russian engineers and their 
colleagues from abroad studied the phase diagram as a tool of materials 
science [32]. 

Student business [33,34] is invited to manufacture the so called ex-
ploded phase diagrams as the 3D puzzle of their phase regions. In the 
same manner the subsystems would be the puzzles of the quaternary re-
ciprocal systems in the process of their tetrahedration. 

New ideas wait their implementation. Main task is to change a kine-
matical surface [9] by a surface with the minimal area. In this case in-
formation about binary systems is used to the maximum extent and does 
not require an experiment inside the surface contour (Fig. 1a). It boils 
down to the task of defining the surface Z = Z (x, y) with the specified 
bounds.  

Consider smooth surface properties, e.g. liquidus temperature of con-
tinuous series of solid solutions in the system A-B-C. Since the nature of 
the surface we don't know, let's say that its average curvature H = 0, i.e. 
it is a surface which among other surfaces with the same borders has a 
minimal area. We came to the task of finding the minimum surface to a 
specified boundary, called the Plateau's problem [35,36]. Plateau's prob-
lem is to show the existence of a minimal surface with a given boundary, 
a problem raised by J.-L. Lagrange in 1760. However, it is named after 
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Joseph Plateau, who experimented with soap films. The problem is con-
sidered part of the calculus of variations.  

Various specialized forms of the problem were solved, but it was only 
in 1930 that general solutions were found in the context of mappings 
(immersions) independently by Jesse Douglas and Tibor Radó. Their 
methods were quite different; Radó's work built on the previous work of 
René Garnier and held only for rectifiable simple closed curves, whereas 
Douglas used completely new ideas with his result holding for an arbi-
trary simple closed curve. Both relied on setting up minimization prob-
lems; Douglas minimized the now-named Douglas integral while Radó 
minimized the "energy". 

So, the average curvature of a surface is defined as [7, pages 98-100]: 
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Because the denominator is positive and is not equal to zero, we have 
the equation 

(1+zx
2)zyy2zxzyzxy+(1+zy

2)zxx=0,  (1)  
the solution of which is our task.  

This is a nonlinear differential equation of second degree with partial 
derivatives of elliptic type. If a self-contained formula for the solution is 
not available, the solution may be numerically approximated using com-
puters. The theory of dynamical systems puts emphasis 
on qualitative analysis of systems described by differential equations, 
while many numerical methods have been developed to determine solu-
tions with a given degree of accuracy. 

Put a ternary system with smooth surface of property in rectangular 
Cartesian coordinate system as shown in Fig. 1. Let forming it binary 
systems represent curves described by equations respectively zA-

B=φ1(x,y), zB-C=φ2(x,y) and zA-C=φ3(x,y). At the specified contour the 
surface z=z(x,y) are to be find, which is the solution of equation (1). 
Numerical methods are used. To do this, apply to the triangle A-B-C the 
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uniform grid with step λ formed by lines parallel to the sides of the trian-
gle. Consider an arbitrary node on the grid with number ijk (Fig. 1b). For 
the taken composition the content of the component B changes on axis i, 
the component A — on axis j and the component C — on the axis k. For 
newly imposed axes a, b, c will get 
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and equation (1) rewrite as 
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Replace partial derivatives through central-difference scheme for a 

node ijk: 
za=(zi,j+1,k1–zi,j1, k+1)/2λ; 
z/b=(zi+1,j+1,kzi1,j1,k)/2λ; 
z/c=(zi+1,j,k+1–zi1,j, k1)/2λ; 
2z/a2=(zi,j+1,k1+zi,j1, k+12zijk)/λ2 

2z/b2=(zi+1,j+1,k+zi1,j1, k2zijk)/λ2 
2z/c2=(zi+1,j,k+1+zi1,j, k12zijk)/λ2 
Get a system of the K equations of the type 
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where for the sides of the triangle splitting into N equal segments, num-
ber of unknown nodes inside the triangle is computed as 
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System’s solution — temperature values to the given node inside a 
triangle — will be get by the Newton's method. As the initial approxima-
tions are accepted the values of temperatures in the nodes of the grid, 
obtained for the plane, which was built on three points: А(0, 0, ТА), 
В(12, 23 , ТB), С(1, 0, Тс) (Fig.1а). An algorithm is realized in the 
program МIN, where each node within the triangle ijk is surrounded by 
six others: (i1)-th, (i+1)-th, (j1)-th and (j+1)-th, (k1)-th and (k+1)-th 
(Fig. 1b). Consequently in all these nodes seven derivatives are calcu-
lated and the value of the function in the node ijk, when a system of K 
linear equations is solved using the standard procedure. 

 
 

Fig. 1. System А-В-С with smooth surface — (a) and  
central-difference scheme to solve equation (1) — (b) 
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Обсуждаются проблемы сборки многомерных пространственных фазо-
вых диаграмм (ФД) состояния многокомпонентных систем. Компью-
терные пространственные модели ФД становятся эффективным инно-
вационным инструментом материаловедения.   
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комплекс, симплекс, поолэдрация, 3(4)-фазные области со сменой типа 
реакции, расчет материальных балансов   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


