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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.
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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-
ingy» 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) - J ¢, (T') and frequency-temperature spectra of the dielectric loss angle tangent g3 (w;7), 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 J;.p, (T) n tgd(w;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: U, — the activation energy of particles (protons) on a hydrogen bond (in a given physical mod-
el U, — height of the potential barrier); v,— linear frequency of natural oscillations of particles (protons) in a
potential well; n, — equilibrium particle concentration; a— lattice parameter [14,17,18].

Calculations of theoretical spectra J,,,(7) and tgé(a);T ) is performed for a single relaxation time

[14,17-19,21]. Position of the maximum of the function J,,,(T) on the temperature axis of the crystal is
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determined by the point (T J

— TCDP’maX) in the space of characteristics of a monorelaylation process

{Co = (Uo;vo;no;a);T} [21]. Position of function maxima 5" (r) 1 s (w) on the temperature axis 7" (or

frequencies ® ) is defined by (Tmax;thEi’;"l)j , or ( " th( ’ "l)j, in space {{;T}, {C);@}. Measurements

(0]
of temperature spectra 18" " '(T) are carried out at a constant frequency of the polarizing field ® !, and

(Tpo/ )
the frequency spectra gd (©) at a constant temperature T [21].
Motion of depicting points {,;T}, {{,;»} 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’ max

(T rcppmax ) » ( T tg6( . "/)j ( O s tg6( , ”/)j 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
#(0)=[0(0)-0.]- ®
where { = {Uo,th;Vo,ﬂz;”o,m;am} — a multidimensional radius vector constructed in the space of theoretical
values of the molecular characteristics (parameters) of the process under study [21]; ©,, (a) — abscissa,

corresponding to the position of the theoretical maximum on the graph, which is established by calculation;
®,, , — abscissa, corresponding to the position of the experimental maximum in the graph, which is estab-

exp

lished as a result of precision measurements.

According to (1) comparison function ¥ (é) can not be negative.

Abscissa @, is modeled either as the material temperature 7, or as the frequency of the perturb-

max,exp ?

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

max.exp >
monorelaxation maximum measured in the experiment of the physical characteristics of the process.
Abscissa ©,, (a) 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 O, (a) , In essence,

reduces to the establishment of functional dependencies of the form:

{rga{ff i
T

A(mpl’l) (_C.:max ) = max,th (UO,th,max 7 vO,th,max ’ nO,th,max 7 ath,max ) ’ (2 . 1)
(%ol R
T —
r vl (Cmax ) = (’Omax,th (UO,th,max > VO,th,max ;nO,th,max ’ ath,max ) ’ (22)
P [" Teop,n(7 ;5)}
Q(Cmax ) = Tmax,th ' (UO,th,max ’ VO,th,max ’ nO, th, max ’ ath, max ) . (23)
In (2.1)+2.3) A(m"”) (amax ) — calculated in the space of critical parameter values

Conax = {U O,th,max;VO,th,maX;nO,th,max;ath,max} at a constant field frequency ®, , theoretical value of the maximum

pol

temperature of the function th(“”’"’) " (T;0), calculated; F(T””’) (imax) — calculated in the space of critical pa-

rameter values (. at a constant temperature 7, , theoretical value of the maximum of the function

pol
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th(Tp“’)th(m; 0 ; Q(zmax) — theoretical value of the maximum temperature of the function J TCDP’TH(T;@)

with the appropriate set of parameters émax.

Large mathematical awkwardness of functions g8, (T;0), g8, (;0), Jrepp(T36) does not

T,

allow for an analytical definition of functions Al (Emax) , T (%) (Emax) , Q(zmaX ) , they must be obtained as

a result of numerical calculations of the dependences (2.1)—~(2.3). In this way, ©, (z) 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 ( = {Uo,m;Vo,m;”o,m;%} in the vicinity of the experimental maximum, which facilitates the

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

QI(T;E) =tg6E:p”l)(T;E), D, (co;i) = thgP‘”)(m;E), CD3(T;E) =J rcopan (T;E), write the system of equa-

tions

%g;q):o < (I)li(Tmax,th;E.amax):O’ G.1)
oD, ;4 -

%ZO <:>¢2j(('0max,th;c.>max):0’ (3.2)
Dy b0, 63

where the indices with the corresponding variables ai , s ak, 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 ¢, = {Uo’th,max;vo’th’m;no,th,mx;ath,mx}, including T, or ®, can be expressed in terms of all other pa-

rameters of the set a (including T, or ®) at the points of the theoretical maxima of the corresponding

max

functions @, (T;a) , D, (m;a), <D3(T;a) . Then, from (3.1)—(3.3) functional dependences

@,(T:C = @, (08 - ©,(T5E Z
T[‘Ela):,([h )} = gll (gmax) > mEna)i(th )} = g21 (Qmax) > Tn[lax?t(h )] = g31 (C)max) 4 (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

[0(12)] - agier) T [0,03)] i) T [04(r2)] 2

Vs 1 t Scx;o] A 2\ t 50ng[ P ©5(T:C Jrct e

¥, (C) = [Tmax,th ~ T } Y, (C) = [wmax,th —mrﬁax,exp} W, (g) - [Tmax’th o } . (5)
The procedure for minimizing the functions (5), using formulas

5‘1’1(&) 0 - 2 - agll(_émax)
- = - 11 max | Tmax exp = 2’ 11 max | Tmax,exp T = N O ) .
a(Ci,max) a(C)i,max) |:g (C ) ’ :| |:g (C ) :| a(C.!i,max) (6 1)

oY, (a) 0 = : = 08, (amax)
a(ai,max) = a(ai’max)[gﬂ(Cmax)_(’)max,exp:| _z[gZI(Cmax)_wmaX’eXp:l' a(éi,max)

5‘1’3(@) 0 = 2 - agSl(amax)
- = - 31 max | Tmax exp = 2 31 max | Tmax,exp T = N\ O ) .
a(C.)i,max) a(C)i,max) |:g (CJ ) ’ :| |:g (CJ ) :| a(Ci,max) (6 3)

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

=0, (62)

sponds to certain sets /,m,n  corresponding  points (émx;opt,,), (amax;opt,m), (Cmax;opl,n), one of

Wthh C’max;opt,l = {UO,th,max;opt,l > VO,th,max;opt,l;no,th,max;opt,l;ath,max;opt,l} 4 for eaCh funCtlon (4)’ 18 the eXperlmental max-
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= (w nl) = (Tp”l)
. . [CDI(T;C)] . = . tgd P [CDZ((»;C)] . = . tgd
mum p01nt T(max,th);opt,l =8&n (C’max;opt,l) - Tmaxe,gp ’ (D(max,th);opt,l =8 (C’max;opt,l) - (’Oma:jg:(p s
T o (2 )=T/I and all other point d to all possible ones distributed near th
(machyepes = €51 (&;max;opt’l) =T,1cor  and all other points correspond to all possible ones distributed near the
. tgﬁ(mpo[) th(TPOZ) ']TCDP . . .
experimental values T, o0 , o >, T - optimized theoretical values of the parameters
o (13) z Dy (0:E) z @4(T:E) z
T([malx,th);olt,[ =8 (Cmax;opt,l) ’ (DEmazx,th);o]pt,m =8n (Qmax;opt,m) H T(Enai,th);olt,n = &3 (Cmax;opt,n) . These Values are Calculat_

ed from equations

0g,, (amax;opt,l) _0 0g, (émax;opt,m) _0 0g, (amax;opt,n) ~0

MCm)  Cm)  (Cim)

The comparison functions (5) have in the space of characteristics a

e 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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B.A. Kansitka, M.B. KopoBkun, A.1. Anudepos, A.B. bamupos, JI.P. Tanacnekos

OPTYPJli KATTHI AeHeJi 3J1eMeHTTePAiH 3J1eKTPPU3UKAIBIK NpouecTepi
CaH/JBbIK KOPCETKIIITEePiHiH OHTANJIBI CY10aChl

CBI3BIKTHI eMec (PU3UKAJIBIK MPOLECTEPAIH Opic )KoOHE TeMIIepaTypa acepiHe YIIbIparaH apTYpJl KyHenepaeri
(menenepperi) om0ebanm MaTeMaTHKaJIBIK  MOJETIHIH  TYKBIPBIMAAMaNblK —HETi3Zepl CHIATTalFaH.
BarjaprnamaiblK OKOHE alNaparThlK KaMTaMachl3 eTYHiH OCbl MOJIETIHE HETi3/IeNreH IMPaKTUKAJIBIK
KOJIaHy/bIH 0acThl OaFbITTapbl aHBIKTANIAbL. MBbICAl PETiHIE TEOPHsS MEH OSKCICPUMEHTTIH HOTHKECIH
canpicThipy QyHkiusceiH asaity (CDPA) omiciMeH caHIBIK ecenTey alropuTMi MEH KypaAesli KPHCTaJIbl
TOpJBI  JKApThUIAM  OTKI3rimrepii noispusanusiay OapbiChblHIA — PEIAKCALMOHIABIK  HPOLECTEPIiH
napamerpiepiH OHTAMIaHABIPY CHNATTAJIFaH. ATan alTKaHIa, MPOTOHIbI JKapThUIAHOTKI3TIIITEPaiH KoHE
qmnektpuktepaiy CDOA omiciHIH Heri3iHIe NPOTOH PeTaKCalUsChIHBIH KOJIAAHBICTAFBl TEOPHSCHIHBIH
(bopmynanapsl OOMBIHIIA €CENTENICH KOHE IKCIHEPUMEHTTE OJIICHIeH MaKCHMaJIbl HYKTEJEPAl CaHBIK
CaJIBICTBIPY OOJIBIT TAOBLIA B
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B.A. Kansitka, M.B. KopoBkun, A.1. Anudepos, A.B. bamupos, JI.P. Tanacnekos

CxemMa YHCJIEHHOH ONITUMM3AIIUA TTAapaMETPOB 3.]'IeKTpO(l)l/l3l/I‘{eCKI/IX
npoueccoB B pasHOPOAHBIX TBEPAOTEJIBHBLIX 3JIEMECHTAX

B crarbe onucaHbl KOHIENTYaJ bHbIE OCHOBBI YHHBEPCAJIbHONW MaTeMaTHYECKO MO HEIUHEHHBIX (H3n-
YECKUX TPOIIECCOB B Pa3sHOPOIHBIX CHCTEMaX (TeslaX), BO3MYIIEHHBIX MOJEBBIMH U TEMIEPATYPHBIMU BO3-
nedictBusiMu.  OmpezielieHsl  OCHOBHBIE — HANPABIEHHS IPAKTUYECKOTO HPUMEHEHHS IIOCTPOEHHOTO
(B mepcrieKTHBE) Ha OCHOBE JAAHHOM MOJEIH IPOTrpaMMHO-aNIapaTHOro obecnedeHus. B kauectBe npumepa
OITUCBHIBACTCSI AITOPUTM YHCIEHHOTO PacueTa M ONTHMH3AIMI IIapaMeTPOB PETaKCallMOHHBIX MPOLECCOB IPH
MOTSAPHU3AIMN  AUDIEKTPUKOB CO CIOKHOH CTPYKTYpOH KPHCTAUIMYECKOH pemeTkd (B YacTHOCTH,
B IIPOTOHHBIX HONynpoBoxHUKax u amdnekrpukax (III1]])) meromomM MUHMMM3AIMU (YHKOIUH CPaBHEHUS
(M®C) pe3ynpTaToB TEOpHUHU U 3KcrepuMenTa. B ocHoBy MeTona M®PC mosioKeHO YHCIEHHOE COMOCTaBIIe-
HHE TOYeK MaKCHMYMOB, PACCUMTAHHBIX MO (HOPMyJIaM CYIIECTBYIOIEH TEOPHH MPOTOHHOW penakcaluu M
U3MEPEHHBIX B SKCIIEPUMEHTE.

Kniouesvie crnosa: mMaremaTndeckas MOJENb HEIMHEHHBIX IPOIECCOB, NEMEHTHI TEXHOJIOTMUECKHUX CXEM,
NIPOTOHHBIE NOTynpoBoAHUKU U quanekTpuku (ITI1/11), meron MunnMusanun ¢yHknnu cpaBHeHus (MOC -
METO).
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