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The scheme of numerical optimization of the parameters of electrophysical  
processings in heterogeneuos solid elements 

Describing the conceptual basis of universal mathematical model of the nonlinear physical processes in het-
erogeneous systems (bodies) perturbed by field and temperature influences. Determined the main directions 
of practical application (in the future) constructed upon based this model method for software and hard-
ware. As an example, describing the algorithm of numerical calculation and optimization of the parameters of 
the relaxation processes during the polarization in compound dielectric lattice structure (in particular in pro-
ton semiconductors and dielectrics (PSCD)) with the help of minimizing comparison function method (MCF) 
of theoretical and experimental results. The basis of the MCF-method is necessary for the numerical compari-
son maxima points calculated by the formulas of the existing theory of proton relaxation and measured in the 
experiment. 

Keywords: mathematical model of non-linear processes, elements of technologies schemas, proton semicon-
ductors and dielectrics (PSCD), minimizing comparison function method (MCF- method). 

 

Introduction 

In the last decade, intensive development of computing, digital equipment and software and hardware 
has contributed to a significant improvement in numerical methods for solving equations of mathematical 
and theoretical physics, methods for statistical processing of laboratory results and experiments, methods for 
comparative numerical analysis of the degree of accuracy of the theory with respect to experiment and meth-
ods of computer prediction results of experiments [1-6].  

The method of minimizing the comparison function (MFS method) used in the mathematical modeling 
of various physical processes that occur in heterogeneous physical systems evolving in time under the influ-
ence of various field factors is effective from the point of view of optimizing the computational process, the 
method of comparing the results of experimental and theoretical studies. MFS – is the method that   has be-
come quite widespread in various fields of science and technology. It remains relevant in the numerical op-
timization of the operation parameters of technological schemes of various information and communication 
systems and industrial installations confirmed by a number of recent works [1-12].        

In [1] the method of minimizing the time of idle of user processes during their migration in «cloud host-
ing» is considered. Implementation of this method is carried out by: predicting the time of stopping process-
es; reduce the amount of RAM used during migration [1]. 

In [2] the question of using the method of modified Lagrangian functions (MPF) for numerical optimi-
zation of processes, with allowance for holonomic constraints in mechanical systems, is investigated. The 
development of methods for accounting for additional geometric and kinematic relationships makes it possi-
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ble to significantly expand the methods of numerical optimization of processes in mechanical systems with 
a «tree» type structure on structures with kinematic constraints [2]. The method of MPL, used in computer 
optimization [3-6] of manufacturing technologies for various parts and in the assembly of machines and 
mechanisms, finds its application in various areas of the modern electrical engineering industry and in engi-
neering [7-9]. 

In [10] modification of methods for calculating the flow velocity field was performed, using the exam-
ple of solving problems associated with cavitation. In the course of research, existing methods have been 
improved and new methods of numerical calculation and detection of air bubbles in liquids have been devel-
oped from images [11].  

The developed algorithms for calculating flow parameters [11,12] are relevant in the numerical optimi-
zation of technological schemes of hydraulic installations and electrical installations, when designing in the 
field of turbine construction, shipbuilding, rocket building, etc. 

1. Statement of the research task 

The central idea of this work is to develop the theoretical foundations of a universal physical and math-
ematical model, based on the computer program algorithm (or a set of programs), that allows to perform effi-
cient, with a high degree of accuracy, numerical calculations of parameters of physically interrelated time-
evolving nonlinear physical systems under the action various force fields (external, local) and heat fluxes. 
This type of model system, by its properties and structure, is approximated to the functional elements that are 
part of the technological schemes of various power plants and systems operating under real production con-
ditions.  

The aim of the work is to develop generalized methods of mathematical modeling and numerical opti-
mization of nonlinear physical processes occurring in dissimilar deformable electrically conductive and heat-
conducting functional elements (structural and instrumental) of technological circuits of equipment which 
operate under varying conditions (variable field strengths, temperature). 

The methodology of the investigation is based on the MCF method, which, in combination with numer-
ical methods of investigating the properties of functions of many variables [13], establishes the optimal 
mathematical correspondence between the theoretical (calculated) and experimental values of the character-
istic parameters of the physical model. In this article, the special case of a generalized physico-mathematical 
model of nonlinear processes is considered. This model leads to the polarization of layered dielectric struc-
tures (the object of investigation), as an example of crystals with hydrogen bonds (CHB), classified accord-
ing to electrophysical properties as proton semiconductors and dielectric (SCD) [14].  

Theoretical studies of non-linear effects in quantum polarization in SCD in the region of low (70-100 K) 
and ultralow (1-10 K) temperatures were performed in [15,16]. The mathematical model of nonlinear vol-
ume-charge polarization in the region of high (250-550 K) and superhigh (550-1500 K) temperatures is con-
structed in [17, 18]. However, in [15-18], the theoretical foundations, algorithm and methods of computer 
programming on the equations of the mathematical model are not affected. In [19-21], the methodology of 
constructing the program algorithm, with the help of the MCF method, is not considered in detail. 

2. Construction and analysis of the comparison function between theory and experiment 

A mathematical description of the relaxation polarization in materials of the SCD class (or CHB) makes 
it possible to construct theoretical temperature spectra of the current density of thermally stimulated depolariza-
tion (TSTD) -  TCDPJ T  and frequency-temperature spectra of the dielectric loss angle tangent  δ ω;tg T , due 

to the contribution of only one type of relaxator [14]. The application of the kinetic theory [14-18, 20] to the 
calculation of spectra  TCDP TJ  и  tgδ ω;T  is effective only in a neighborhood (on the set of points of the 

continuum measure) of the experimentally observed maximum. The unity of analytical research and numeri-
cal calculations allows one to get an idea of the nature of the course of the relaxation process, the parameters 
of which are: 0U   the activation energy of particles (protons) on a hydrogen bond (in a given physical mod-

el 0U 
 
height of the potential barrier); 0ν   linear frequency of natural oscillations of particles (protons) in a 

potential well; 0n   equilibrium particle concentration; a  lattice parameter [14,17,18].  

Calculations of theoretical spectra  TCDPJ T  and  δ ω;tg T  is performed for a single relaxation time 

[14,17-19,21]. Position of the maximum of the function  TCDPJ T  
 
on the temperature axis of the crystal is 
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determined by the point  max maxTCDP,T ;J
 

in the space of characteristics of a monorelaylation process 

  0 0 0 0ζ ; ν ; ; ;U n a T  [21]. Position of function maxima    ω
δ

pol
tg T  и    δ ω

Tpol
tg  on the temperature axis T (or 

frequencies ω ) is defined by 
 ω

max maxδ polT ;tg
 
 
 

, or 
 

max maxω δ
Tpol;tg

 
 
 

, in space  0ζ ;T ,  0ζ ;ω . Measurements 

of temperature spectra    
ω

δ poltg T  are carried out at a constant frequency of the polarizing field ω pol , and 

the frequency spectra 
   δ
Tpoltg   at a constant temperature polT

 [21].  

Motion of depicting points  0ζ ;T ,  0ζ ;ω
 
in the space of the characteristics of the process leads to a 

change in the theoretical value of the relaxation time, and hence to the shift of the maximum points 

 max maxTCDP,T ;J ,
 

 ω

max maxδ polT ;tg
 
 
 

, 
 

max maxω δ
Tpol;tg

 
 
 

 along the abscissa axis, and also to changes in the ampli-

tudes of the maxima [21]. 
The function of comparing theory and experiment can be represented in the form [14] 

     2

expζ ζth
      

 
, (1) 

where  0, 0, 0,ζ ; ν ; ;th th th thU n a


 — a multidimensional radius vector constructed in the space of theoretical 

values of the molecular characteristics (parameters) of the process under study [21];  ζth


 — abscissa, 

corresponding to the position of the theoretical maximum on the graph, which is established by calculation; 

exp  — abscissa, corresponding to the position of the experimental maximum in the graph, which is estab-

lished as a result of precision measurements. 

According to (1) comparison function   


 can not be negative. 

Abscissa exp  is modeled either as the material temperature max exp,T , or as the frequency of the perturb-

ing alternating external field (electric, magnetic, electromagnetic, etc.) — max,exp , corresponding to the 

monorelaxation maximum measured in the experiment of the physical characteristics of the process.  

Abscissa  ζth


 is established as a result of research on the maximum of the mathematical expression 

describing the theoretical monorelaxation spectrum. This expression is constructed analytically, by solving 

the corresponding system of differential equations [15-21], and calculating the abscissa  th 


, in essence, 

reduces to the establishment of functional dependencies of the form: 

   
   

 
ω

δ ;ζth
ω

max max, 0,th,max 0,th,max 0,th,max th,maxζ ;ν ; ;

pol
tg T

pol
thT U n a

 
 
 
   




; (2.1) 

   
   

 
δ ω;ζth

T
;max max, 0,th,max 0,th,max 0,th,max th,maxζ ω ν ; ;

Tpol
tg

pol
th U n a

 
 
 
   




; (2.2) 

 

     ;ζTCDP,th
max max, 0,th,max 0,th,max

0, th, max th, max
ζ ;ν ; ;

J T

thT U n a
 
   


. (2.3) 

In (2.1)–(2.3)    ω

maxζpol


 — calculated in the space of critical parameter values 

 max 0,th,max 0,th,max 0,th,max th,maxζ ; ν ; ;U n a


 at a constant field frequency pol  theoretical value of the maximum 

temperature of the function ( ) (T;ζ)pol

thtg 


, calculated;    maxζpolT


 — calculated in the space of critical pa-

rameter values maxζ


 at a constant temperature polT  theoretical value of the maximum of the function 
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(T ) ( ;ζ)pol

thtg 


;  maxζ


 — theoretical value of the maximum temperature of the function , (T;ζ)TCDP THJ


 

with the appropriate set of parameters max.


 

Large mathematical awkwardness of functions ( ) ( ;ζ)pol

thtg T


, (T ) ( ;ζ)pol

thtg 


, ,th (T;ζ)TCDPJ


 does not 

allow for an analytical definition of functions    ω

maxζpol


,    maxζpolT


,  maxζ


, they must be obtained as 

a result of numerical calculations of the dependences (2.1)–(2.3). In this way,  ζth


 establishes a corre-

spondence between the temperatures or frequencies at which the maximum in the theory appears and the po-
sition of the representative point in the space of characteristics. Neglect of the temperature dependence of the 
characteristics  0,th 0,th 0,th thζ ; ν ; ;U n a


 
in the vicinity of the experimental maximum, which facilitates the 

minimization of the function of comparing the theory with experiment. In this case, denoting 

     ω

1 ;ζ δ ;ζ ,pol
thФ T tg T

 
      2 ω;ζ δ ω;ζ ,

Tpol
thtg 

 
    3 ;ζ ;ζTCDP,thT J T 

 
,  write the system of equa-

tions 

 1 ;
0

i

T 







 
   1 max, max; 0i thT  


, (3.1) 

 
 2

j

ω;
0

 







  
  2 j max,th maxω ; 0  


, (3.2) 

 
 3

k

T;
0

 







  
  3k max,th maxT ; 0  


, (3.3) 

where the indices with the corresponding variables i


, j


, k


, take values from 1 to 5. Then, from the sys-

tems of equations (3.1)–(3.3) functions that allow one to express each of the parameters from a set of critical 
values  max 0,th,max 0,th,max 0,th,max th,maxU ; ν ; ;n a 


, including T, or ω , can be expressed in terms of all other pa-

rameters of the set max


  (including T, or ω ) at the points of the theoretical maxima of the corresponding 

functions  1 T; 


,  2 ω; 


,  3 T; 


. Then, from (3.1)–(3.3) functional dependences 

   T;1
max,th 11 maxT g
     

 
,    ω;2

max,th 21 maxω g
     

 
,    ;3

max, 31 max

T

thT g
     

 
, (4) 

using numerical methods [13], to calculate the initial dependences (2.1) - (2.3) and, on this basis, proceed to 
the calculation of the corresponding comparison functions 

     ω
1 exp

2
T; tgδ

1 max,th max,expT T
pol         


,      T

2 exp

2
ω; tgδ

2 max,th max,expω ω
pol         


,    3 ТСТД,exp

2
T;

3 max,th max,expT T J         


. (5) 

The procedure for minimizing the functions (5), using formulas 

 
 

         
 

21 11 max

11 max max,exp 11 max max,exp

i,max i,max i,max

T 2 T 0
g

g g
                      

 
 

   , (6.1) 

 
 

         
 

22 21 max

21 max max,exp 21 max

i,max i,max i,max

ω 2 ω 0
max,exp

g
g g

                      

 
 

   , (6.2) 

 
 

         
 

23 31 max

31 max max,exp 31 max max,exp

i,max i,max i,max

T 2 T 0
g

g g
                      

 
 

   , (6.3) 

allows us to write down the optimized values of the parameters (4), each of which corre-

sponds to certain sets l,m,n corresponding points  max;opt,l


,  max;opt,m


,  max;opt,n


, one of 

which  max;opt,1 0,th,max;opt,1 0,th,max;opt,1 0,th,max;opt,1 th,max;opt,1U ; ν ; ;n a 


, for each function (4), is the experimental max-
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imum point  
   

 ω
tgδT; exp1

11 max;opt,1 max,expmax,th ;opt,1T T
pol

g
      

 
,  

   
 T

tgδω; exp2
21 max;opt,1 max,expmax,th ;opt,1ω ω

pol

g
      

 
, 

 
   T; TCDP,exp3

31 max;opt,1 max,expmax,th ;opt,1T T
J

g
      

 
, and all other points correspond to all possible ones distributed near the 

experimental values 
 ω

tgδexp
max,expT

pol

, 
 T

tgδexp
max,expω

pol

, TCDP,exp
max,expT
J

 optimized theoretical values of the parameters 

 
   ;1

11 max;opt,max, ; ,T
T

lth opt l g
     

 
,  

   ω;2
21 max;opt,max,th ;opt,ω mm g

     
 

,  
   T;3

31 max;opt,max,th ;opt,T nn g
     

 
. These values are calculat-

ed from equations  

 
 

11 max;opt,

i,max

0
lg 


 



 , 
 
 

21 max;opt,

i,max

0
mg 


 



 , 
 
 

31 max;opt,

i,max

0
ng 


 



 . 

The comparison functions (5) have in the space of characteristics max


 complex relief. Some character-
istics vary in small limits, for example, the activation energy is selected from the interval (0.05, 0.7) eV, 
while the equilibrium concentration of relaxators during the motion of the theoretical maximum along the 
temperature axis can vary by several orders of magnitude. This leads to the fact that the relief of the compar-
ison function is a multidimensional complex tortuous and very narrow ravine containing a large number of 
minima. Computationally simple methods have been developed in computational mathematics that allow one 
to pass along a ravine and to leave in a hollow of a minimum, but these methods of calculation are capri-
cious, and the algorithm for passing along the ravine contains a number of non-formalizable corrections that 
must be introduced into the program straight down the course of calculations [13, 22, 23]. The speed of 
movement along the ravine is very small. The effectiveness of the search for a minimum of the comparison 
function with such a relief depends very much on how successfully the zero approximation for the character-
istics was selected. It is convenient to change the scale using double logarithms for different reasons. Suc-
cessful selection of the bases of logarithms reduces the computation time. The selection of the bases is influ-
enced by the selection of the zeroth approximation. Great help is provided by an exact experiment. 

Conclusions 

1. The scientific and practical importance of methods for numerical optimization of nonlinear physical 
processes occurring in technological circuits of power equipment which operates under extreme conditions 
(strong fields, ultra-low temperatures, ultra-low and superhigh frequencies, etc.) is substantiated. Conceptual 
bases of the universal physical and mathematical model of nonlinear processes of various nature are formu-
lated. 

2. As an example, the algorithm for minimizing the comparison function (MCF) is described for com-
paring the results of the theory and experiment at the study of nonlinear relaxation polarization in proton 
semiconductors and dielectrics (SCD). On this basis had elaborated scheme of a numerical optimization for 
the parameters of the relaxation process (including temperature and frequency of an alternating electric field) 
in the SCD is carried out. 

3. The peculiarities of the work of the numerical calculation program based on the algorithm of the 
MCF method with respect to the analysis of the parameters of the current spectra and dielectric losses in the 
CHB are revealed. The possibilities of extending the range of variation of variable parameters (frequency 
and amplitude of the field, temperature) of the process at the application of the MCF method for numerical 
study of a wider range of nonlinear processes (magnetic, optical, mechanical, thermal, etc.) in dissimilar 
functional elements of process units and systems are defined.     
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В.А. Калытка, М.В. Коровкин, А.И. Алиферов, А.В. Баширов, Д.Р. Таласпеков 

Əртүрлі қатты денелі элементтердің электрфизикалық процестері  
сандық көрсеткіштерінің оңтайлы сұлбасы 

Сызықты емес физикалық процестердің өріс жəне температура əсеріне ұшыраған əртүрлі жүйелердегі 
(денелердегі) əмбебап математикалық моделінің тұжырымдамалық негіздері сипатталған. 
Бағдарламалық жəне аппараттық қамтамасыз етудің осы моделіне негізделген практикалық 
қолданудың басты бағыттары анықталды. Мысал ретінде теория мен эксперименттің нəтижесін 
салыстыру функциясын азайту (СФА) əдісімен сандық есептеу алгоритмі мен күрделі кристалды 
торлы жартылай өткізгіштерді поляризациялау барысында релаксациондық процестердің 
параметрлерін оңтайландыру сипатталған. Атап айтқанда, протонды жартылайөткізгіштердің жəне 
диэлектриктердің СФА əдісінің негізінде протон релаксациясының қолданыстағы теориясының 
формулалары бойынша есептелген жəне экспериментте өлшенген максималды нүктелерді сандық 
салыстыру болып табылады. 
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Кілт сөздер: сызықтық емес процестердің математикалық моделі, технологиялық схемалардың 
элементтері, протон жартылайөткізгіштер жəне диэлектриктер, салыстыру функциясын азайту əдісі. 

 

В.А. Калытка, М.В. Коровкин, А.И. Алиферов, А.В. Баширов, Д.Р. Таласпеков 

Схема численной оптимизации параметров электрофизических  
процессов в разнородных твердотельных элементах 

В статье описаны концептуальные основы универсальной математической модели нелинейных физи-
ческих процессов в разнородных системах (телах), возмущенных полевыми и температурными воз-
действиями. Определены основные направления практического применения построенного 
(в перспективе) на основе данной модели программно-аппаратного обеспечения. В качестве примера 
описывается алгоритм численного расчета и оптимизации параметров релаксационных процессов при 
поляризации диэлектриков со сложной структурой кристаллической решетки (в частности, 
в протонных полупроводниках и диэлектриках (ППД)) методом минимизации функции сравнения 
(МФС) результатов теории и эксперимента. В основу метода МФС положено численное сопоставле-
ние точек максимумов, рассчитанных по формулам существующей теории протонной релаксации и 
измеренных в эксперименте. 

Ключевые слова: математическая модель нелинейных процессов, элементы технологических схем, 
протонные полупроводники и диэлектрики (ППД), метод минимизации функции сравнения (МФС - 
метод). 
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