TEXHIYHI HAYKH

6 «Moaoguit BueHui» * Ne 9 (73) * Bepecenn, 2019 p.

DOLI: https://doi.org/10.32839/2304-5809/2019-9-73-2

UDC 519.6:001.5
Levkin Dmytro
Kharkiv Petro Vasylenko National Technical University of Agriculture

SOLUTION OF THE APPLIED OPTIMIZATION PROBLEMS

Summary. The research of the author is devoted to the issues of optimization of the parameters of multilayer
systems containing local, discrete sources of thermal loads. The paper proposed one of the possible approaches
to the implementation of optimization of the parameters of such systems. Due to the fact that in practice it is
often necessary to deal with multilayered materials of complex spatial form, which, for example, have zones of
prohibition on the movement of division routes, the author pays considerable attention to the determination
and verification of the validity of the calculated and applied optimization mathematical models conditions for
improving the quality of the biotechnological process. Despite the focus of this work to the optimization of mul-
tilayer biosystems, the uniqueness of the author's research consists in their broad applicability for optimizing
a number of multilayer systems.
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XapKIBCHbKUM HAIIOHAJIbHUN TeXHIUHUN YHIBEPCUTET
clIbCBbKOTO Tocogapersa imeni [lerpa Bacumenka

PO3B’A3AHHAI MMPUKJIATTHUX 3ATAY ONITUMI3AIIIL

Amnoraria. B pobori HaBegeHM mpolec MAaTEMATHYHOIO MOJIEIIOBAHHS Ta OITHUMI3allii bararomapoBux 610-
TeXHOJIOTIYHUX CHCTEM, SIK1 MICTATD JIOKAJIbHI, TUCKPeTH] mKepesia mii. OcobimBy yBary aBTop IpPUILIINB KyJIe-
HOMI0HUM 0araTomrapoBUM MIKPOOIOJIOTIYHUM MaTepiajaM IIiJ €0 CKAHOBAHUX JKepes JIAa3epHOT0 BUIIPOMI-
HIOBAaHHSA. 3a3HAYMMO, III0 0COOJIMBOCTI 00’€KTa JOCIIIMKEeHHS Ta CIeludIika eJIeKTPOMATHITHOI I11 IPU3BOIUTD
JI0 HEeMOJKJIMBOCT1 3aCTOCYBAHHS JJIS JIOKA3y YMOB KOPEKTHOCT1 TPaIMINIHOI Teopll ICHYBAHHS Ta €IHHOCTL
PO3B’3KY KpaioBHX 3a/1ad, 10 OIIUCYIOTH HOoro cTaH. Tpy HOII 3 JOKa3aMu YMOB KOPEKTHOCTI HAJIEKATD II1JI0OMY
KJIacy 6araTorrapoBuX 00 €KTIB CKJIAJHOI IPOCTOPOBOI hOPMHU, Kl MAIOTh, HAIIPUKJIAI, 30HH 3a00pOHU Ha IIPOo-
XOIPKEeHHS TPAaC JIA3ePHOro mijeHHs. JJIsa 1momoiadHsa 3a3HaYeHUX CKJIAIHOIIIB, aBTOP IIPOIIOHYE 3aCTOCYBATH
TEoPio IIceBaoan(pepeHIaTIFHAX OIepaTopiB HAJ IPOCTOPOM y3arajdbHeHuX gpyHkINh. [le mae moxanBicTs, He
KOHKPETU3YIOUN 00’€KT JOCIIiIKeHHA (baraTonrapoBuil MIKPOOIOJIOMYHAM MaTeplasl Il Ji€l0 Ja3epHOro mpo-
MeHs), FapaHTyBaTH KOPEKTHICTb KpaHOBUX 3a/ad, IO, B CBOIO Yepry, JO3BOJIUTH TAPAHTYBATH aJeKBATHICTH
PO3PaxyHKOBHX Ta IIPUKJIAHAX ONTUMISAIIHHAX MaTeMaTUIHIX Mojesteit. JlocikeHl Ta BpaxoBaHi aBTOpOM
XapakTepHl 0COOJMBOCTI MATEMATHYHOI MOJIeJIl OCHOBHOI ONTHUMI3aIlfHOI 3amavl Ta IPUKJIATHAX MaTeMaTH -
HUX MOJAEJIeH, N03BOJIATE epeKTUBHO 00paTHh METOAU IJI YMCeJILHOI Ta IporpaMHo-amapaTHol peasmizamii. Jia
3ificHeHHs onTUMIi3alri B po0dOoTl IpeAcTaBIeHNH IAXIT I peastisariil oapasdy ABOX IPUKJIAIHUX OIITHMI3a-
IITHUX MaTeMATUYHAX MOJIeJIe Ta HaBeJeHa 00UYMCII0BAIbHA CTPYKTYPA, IO CKJIATAETHCA 3 IIMPOKO BIIOMUX
YMCEJIbHUX METOMIB. BimsHaummo, 110 He3BaKayMd Ha CIPSIMOBAHICTE JOCTIKEHDb aBTOpa HA PO3PaXyHOK Ta
OIITHUMI3AITiio 010TeXHOJIOTIUYHUX CUCTEM, PE3yJILTATH JTOCII3KeHHI MaloTh YHIBepCAJIbHUHN XapakTep 1 IX MosKkHA
3aCTOCOBYBATH JJISA ONTHUMI3AI] MEeXaHIYHNAX, eJIEKTPOTEXHIYHUX Ta 1HIINUX CHCTEM, 1[0 MICTSITh JIOKAJIBHI, JVC-
KpeTHI JpKepesia BIAMoBITHUX (iduauux mosais. OgHak, Ipu IIbOMY 3a3HA0Th 3MIHU IOCTAHOBKHU KPaNOBUX 3a-
Jad Ta YMCeJIbHI MEeTOAU peasisdallii IpUKIaJHIX ONTUMI3AIIAHAX MATEMATUIHUX MOJIeIeH.

Krouogi citoBa: MaTemaTHyuHE MOJIETIOBAHHS, OIITUMI3AITd, KOPEKTHICTE, KPAaoBl 3a,1a4l, TICeBI0 N Ee PEHITIaIbHI
OIIEPATOPH.

Formulation of the problem. Today, one
of the main ways to search for the optimal
values of the parameters of multilayer and sin-
gle-layer systems containing local mobile sources of
physical fields remains the experiment. Obtaining
experimentally data is associated with excessive
costs of technical resources of sources of loading
and the expensive material consumption. To over-
come the difficulties, it is necessary to develop the
theory of such systems calculation and optimiza-
tion of. It is worth noting that the study of many
authors is aimed at optimizing specific systems
under the influence of concentrated sources of the
corresponding physical fields [1-4]. Despite the sig-
nificant achievements of the authors in solving the
problems of calculating, managing, and optimizing
the parameters of single-layer and multilayer sys-
tems, relatively little work has been devoted to the
optimization of the whole class of systems. Thus, to
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overcome the difficulties of systematization and for-
malization of applied optimization for mathemati-
cal models for multilayer systems, the averaging of
geometrical parameters, chemical composition, and
thermophysical characteristics of the objects of the
research is often carried out. This leads to averag-
ing of the obtained values of the objective function,
rough estimates of changes in the parameters of
the systems, and as a result of this, errors in the
processes of calculating the objective function and
optimizing its parameters.

According to the author, along with an increase
in the number of formalized applied optimization
mathematical models, the definition and verifica-
tion of the fulfillment of the conditions for the cor-
rectness of computational and applied optimization
mathematical models is also required [5]. The con-
struction and implementation of a larger number
of applied optimization mathematical models that
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take into account the structural features of mul-
tilayer microbiological material exposed will im-
prove the accuracy and speed of optimization, and,
as a result, improve the quality of biotechnological
processes.

The object of the author's research is a multi-lay-
er spherical microbiological material containing
sources of thermal loading. The uniqueness of the
author's research consists in the formalization at
once of two applied optimization mathematical
models of the process of thermal exposure, taking
into account the structure of microbiological mate-
rial and the characteristics of thermal exposure. At
the same time, the studies conducted in this work
are of a generalized nature and the author does not
focus on a specific object of study. This means that,
in dealing with a specific object of study, it is possi-
ble to carry out the calculation and optimization of
various systems subjected to thermal loads.

Analysis of recent research and publica-
tions. We will analyze the scientific publications
related to the optimization questions and the as-
signment of control parameters of systems contain-
ing local mobile sources of physical fields [1; 4].
In [1], the issues of calculation and optimization of
thermal, mechanical, electrical and other systems
under the influence of sources of physical fields
were considered. In [2], the author carried out the
calculation and specification of the technical pa-
rameters of technological systems under laser ir-
radiation. However, in papers [1; 2], the issues of
calculating and optimizing biotechnological sys-
tems were not considered under laser exposure.
Important in them is the common approach used
to calculate and optimize systems with distributed
parameters, which include multi-layer microbiolog-
ical material under laser irradiation. At the same
time, its state is significantly different in the for-
mulation and implementation of the initial bound-
ary value problems, and the process of optimizing
the parameters of temperature fields has its own
characteristics [6; 7].

Despite the fact that the authors of [3] showed
the temperature of the laser heating of the embryo
and at the same time took into account its 3 — layer
structure, these temperatures were found for sev-
eral specific modes of laser exposure to the embryo,
the biochemical composition of the embryo layers
was not taken into account not given the process
of optimizing the control parameters of the tem-
perature field. In addition, in order to increase cell
viability and reduce uncontrolled costs of technical
resources, according to the author, it i1s advisable
to optimize a larger number of parameters. This
will undoubtedly entail an increase in the number
of applied and applied optimization mathematical
models, and therefore will increase the time and
volume of machine memory required for this.

The purpose of the article. To optimize the
parameters of electron beam exposure to multi-
layer microbiological material to reduce the cost
of technical resources and improve survival. In the
framework of solving this basic problem, the author
proposed one of the possible approaches to the im-
plementation of the calculation and optimization of
the control parameters of multilayer microbiologi-
cal systems. The universality of the research and
the generalization of the approach allows us to de-

clare a wide range of their applicability for solving
the whole class of problems related to the optimi-
zation of systems under the influence of the corre-
sponding physical fields sources.

The presentation of the main material.
The basis of the computational mathematical mod-
el of the process of electron-beam action on a mul-
tilayer spherical microbiological material lies in
the boundary problem of a system of non-station-
ary, multidimensional differential heat conduction
equations in partial derivatives:
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where p, — the density coefficient of the e-th lay-
er of a multilayer (N-layer) microbiological materi-
al, wheree=1,.., N;

¢, — coefficient of heat capacity;

T, =T,(r,t) — temperature field at the points of
the e-th layer of microbiological material;

r, — the distance from the center of the source of
heat exposure to the point in the e -th layer of mul-
tilayer microbiological material, in which the value
of the temperature field is calculated;

t, — duration of heat exposure;

2, — coefficient of thermal conductivity;

g, — specific power density of thermal loads in
the microbiological material.

Dirichlet boundary conditions set the beginning
and end of laser exposure:

{T(ro,to) =T,

T(ry,ty)=T,

where £ is the duration of exposure.

Taking into account the multi-layer structure of
microbiological material, the equality of media sec-
tion is introduced:
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The conditions of heat exchange on the border of
the outer shell of microbio-logical material and its
environment:

20,y = 08 @
1 8" ’ ’

where 7 — the duration of exposure;

o — specific heat flux;

S — area of impact source.

Using the example of an embryo under the influ-
ence of a laser beam, the author [8] showed the nu-
merical implementation of this computational math-
ematical model and found the temperature of laser
heating of the layers of a microbiological object. We
present a mathematical model of the main optimi-
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zation problem of improving the quality of thermal
effects on multilayer microbiological material.

The mathematical model of the main op-
timization problem is that it is necessary to
find such parameters of the wvector of heat
7 =(x,y,z,tu E, s(1),(t),0(x,,2,1),5): x,y,2 — size
of the multilayer microbiological material area; t —
duration of exposure; u — source intensity; E — the
energy of the laser beam; s(r) — source path; v(r) —
source speed; Q(x,y,z,t) — heat exposure density;
S — the area of the laser source, which would ensure
the achievement of the extremum of the objective
T =T (x,y,2.1,7') at the given system of restrictions
on the values of the temperature field and on the
parameters of the vector of heat exposure. Based on
the formulation of the main optimization problem,
in order to optimize the parameters of the tempera-
ture field in [6; 7], the author proposed and system-
atized applied optimization mathematical models.
At the same time, to find the optimal values of the
parameters of the objective function, it is advisable
to use not one, but several application-oriented
optimization mathematical models. Their novelty
consists in the fact that, in the implementation of
parameterization, the temperature fields of micro-
biological materials are presented depending on
the characteristics of a discrete moving source of
exposure.

We show one of the possible approaches for the
implementation of optimization. Let us reduce the
dimension of the parameters of the target function
and select some arbitrary parameters as optimized
ones. We construct a large uniform grid of their dis-
cretization. We solve the boundary problem of the
system of differential equations of heat conduction.
To assess the traumability of microbiological mate-
rial with the values of optimized parameters at the
nodal points of a large uniform grid, it is possible to
apply the following relationship:

1
K = =2 100%, (5)

where V,,, — the volume of the irradiated seg-
ment of the multilayer microbiological material;

V' — volume of microbiological material.

By the step method, we will move along the

nodes of the coarse grid from the node, in which
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the method of directional extremum search of the
temperature field, comparing the injuries at the
nodal points of a large uniform grid and choosing
a node with a lower value of injuries.

In the vicinity of nodes with lower injuries, we
will grind the grid model step and the process of an-
alyzing and finding local extrema will be repeated
until, for example, the specified accuracy of solving
boundary value problems, the specified error value
of the microbiological material traumability value
is reached, the expiration time allowed for optimi-
zation.

Conclusions and offers. One of the possible
approaches to the calculation and optimization of
multilayer systems containing local, discrete sourc-
es of thermal loads is shown. The universality of the
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