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IMPROVEMENT OF THE METHODOLOGY FOR OPTIMIZING THE PARAMETERS
OF COMPLEX SYSTEMS UNDER THE INFLUENCE OF THERMAL
LOAD SOURCES

The article investigates some aspects of solving the problem of constructing mathematical models for optimizing the
parameters of local laser action on multilayer microbiological systems. The constraints on the desired laser parameters and on
the temperature field in the material subject to laser fission are set. Verification of compliance with the restrictions on not exceeding
the maximum value of the temperature field requires multiple calculations of the corresponding temperature field in the
microbiological material. Control over the temperature field limits ensures the viability of its parts during the biotechnological
process of laser fission.

To construct adequate optimization mathematical models, the author substantiates the adequacy of the computational
mathematical models describing the state of a microbiological system under the action of laser radiation sources. A multi-point
boundary value problem with a system of inhomogeneous differential heat conduction equations for a multilayer microbiological
medium is investigated and the correctness of this problem is substantiated for minor perturbations of the right-hand side of the
differential equation. The results obtained in the article guarantee the adequacy of applied optimization mathematical models for
finding rational values of technical parameters of laser emitters.

In order to improve the accuracy of optimization of the technical parameters of laser emitters, the article presents a
mathematical modeling of the preparatory stage of embryo defrosting. The presented mathematical models and methods of their
implementation are necessary to improve the quality of embryo defrosting. Improvement of the methodology for solving applied
biotechnological problems will certainly lead to the complication of mathematical models, but it will increase the accuracy of
calculation and optimization of technical parameters of the biotechnological process of laser embryo division.
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JIEBKIH IMUTPO

JlepxaBHHUIT O10TEXHOJIOTTYHII YHIBEPCUTET

BJIOCKOHAJIEHHS METOJUKH ONITUMI3AIL TIAPAMETPIB CKJAJHUX CUCTEM I AI€IO JKEPEJ
TEPMIYHOI'O HABAHTAKEHHSI

B cmammi 0ocnioxceni desxi acnekmu po36'sa3anna 3a0aui no6y0oeu mamemMamuyHux Mmooeietl 0Jis Onmumizayii napamempis 10KanbHoi
nasepnoi 0ii Ha 6azamowapogi mikpobionociuni cucmemu. 3a0ani oOMedlcents HA WYKAHI napamempu 1asepa i Ha memnepamyphe noie y
Mamepiani, wo nionazae nazepromy Oinennio. Ilepesipka uxonanms 0bmedicenb HenepeguiyeHHA MAKCUMATbHO20 3HAYEHHA MeMNepamypHo20 no.is
3a c60€ npunycmume sumazae 6a2amopaso8o2o PO3PAXyHKY 6i0N0GIOHO20 MeMNepamypHo20 nosy Mikpobionoziunomy mamepiani. Konmpons 3a
00MedCeHHAMU HA MeMNepamypHe noe 3abe3neyye HCUmme30anHicms 11020 YacmuH nio Yac 6iomexHoI02IYHO20 NPoYecy 1a3epHO20 OlNeHHS.

s nobyoosu adexeammux ONMUMI3AYIUHUX MAMEMAMUYHUX MOOenell d8mopoM OOIPYHMOBAHA A0EeKEAMHICb PO3DAXYHKOGUX
MamemamuyHux mooenei, wo ORUCYIOMb CMAH MIKpobiono2iyHoi cucmemu nio Oiero Oixcepel NA3epHO20 BUNPOMIHIO8aHHA. [locniodxceHna
bacamomouxosa Kpaiiosa 3a0aua 3 CUCMEMOI0 HeOOHOPIOHUX OupepeHyianbHux pigHAHb MENIONPosiOHOCmI 015l  0a2amouaposozo
MIKpobionociunoeo cepedosuwa i 06IpyHmosana Kopekmuicme yiei 3a0aui 3a He3HAUHUMU 30YpeHHAMU Npaeoi uacmunu OugepenyianbHo2o
pieHanns. Ompumani 6 cmammi pe3yibmamu 2apanmyrmes A0ek8amHiCIb NPUKIAOHUX ONMUMIZAYIUHUX MAMEMAMUYHUX MOOeNel NOULYKY
PAYIOHANbHUX 3HAYEHb MEXHIYHUX NapamMempie 1a3ePHUX GUNPOMIHIOBAYTS.

3 memoro nidguwyennss mounocmi OnMUMI3ayii MeXHIYHUX NApaMempie 1a3epHux GUNPOMIHIO8a4ia y cmammi 30iicene Mamemamuyne
MOOeNIBAHHS NI020MOBY020 emany po3IMOpOXCy8anHs emopiona. Hasedeni mamemamuuni moodeni i memoou ix peanizayii nompi6ui Ons
nIOGUWEHHSI AKOCMI PO3MOPOJICY8ans embpiona. Boockonanenns memoouxu peanizayii npuxiaonux 6GiomexnHonoiynux 3a0ay 6e3yMO6HO
VCKAAOHUMb MAMEMAMUYHi MOOel, 00HAK ye NiOGUIUMb MOYHICIb PO3PAXYHKY | ONMUMI3ayii meXHiyHux napamempie 6iomexHonI02i4H020
npoyecy 1azepHozo OlleHHs eMOpIOHis.

Kniouosi crosa: niocomosyuii eman, mamemamuyni MoOei, KOPEeKmMHicmy, RPUKIAOHI 3a0adi.

Formulation of the problem

In order to reduce the consumption of expensive biomaterial in the biotechnological process of laser division
of embryos, it is necessary to take into account the stage of preparation of embryos for the biotechnological process.
Before the beginning of laser division embryos are stored frozen in liquid nitrogen, it is necessary to thaw embryos to
avoid ruptures of cell membranes caused by jumps in thermal stress. Mathematical models and computational methods
that are involved in the preparatory stage do not directly participate in mathematical modeling and optimization of
biotechnological process parameters and simulate the stage of preparation of microbiological objects for
biotechnological process. However, to guarantee the quality of the biotechnological process, the importance of the
stage of preparation of the embryo for manipulation cannot be underestimated.

The computational mathematical model that describes the state of the embryo under laser influence is a
nonlocal boundary value problem of the system of evolutionary differential equations of heat conduction. Using
methods from the theory of pseudodifferential operators over the space of generalized functions of slow step growth,
the author proved the correctness of the above boundary value problem. Taking into account the structure of the
embryo under laser water action and specific features of boundary value problems has a decisive influence on the
choice of methods for calculating temperature fields. In this case, the author used the Fourier methods of separated
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variables and uncertain coefficients to solve the boundary value problems. Despite the fact that the calculation and
optimization of technical parameters at the preparatory stage will increase the complexity of mathematical
calculations, this, at the same time, will increase the accuracy of the solution of applied problems of optimization of
the biotechnological process of laser division of embryos.
Analysis of the latest research

In articles [1-3] mathematical models of cell membrane electroporation are developed, and methods for
optimizing energy consumption in solving certain applied biotechnological problems are given. Using methods of
nonlinear approximation, the authors of [3] summarize the dependence of conductivity values on the values of pulsed
electric field strength. In [4] a review of existing techniques of cell membrane dissection for the purpose of germ
separation was carried out, the disadvantages and advantages of laser impact on the membrane for cell division were
analyzed. Thus, despite taking into account the multilayer structure of the embryo, the calculation of the laser exposure
temperature in the article [4] does not take into account the different thermophysical parameters of the embryo layers,
which increases the error of the calculated excess exposure temperature and, as a result, increases the thermal
traumatization of embryos during laser division. In publications [5, 6], mathematical models have been developed for
some technical systems with distributed parameters containing sources of thermal effects. The authors of the paper
[6] focused on the issues of determining and substantiating the conditions of correctness of boundary value problems
that describe the state of the modeled systems. In [7-9], a number of mathematical models and computational methods
of their implementation for optimizing the parameters of specific technical systems are given. Of particular note are
the publications [8, 9], which contain methods and algorithms for solving applied problems of geometric design and
include methods for optimal placement of objects of complex geometric shape in a given pre-fixed area. The articles
[10-12] show the use of mathematical tools for solving applied cybersecurity problems.

The purpose of the work is improve the methodology of mathematical modeling and optimization of
biotechnological systems by taking into account the step of embrion thawing before laser fission.
Presenting main material

The above mathematical model is an auxiliary model and is not related to the optimization of the vector of
laser exposure parameters. However, it is important from the point of view of qualitative fulfillment of the whole
biotechnological process of laser division of microbiological material. When investigating these issues, it is worth
noting the publication [13], which contains mathematical models and methods for determining the quality of seed
material before the implementation of technological processes. Microbiological material is usually stored frozen in
liquid nitrogen. Before performing its division, the material must be thawed without tissue rupture. This means that
during embryo thawing, appropriate parameters must be controlled to guarantee acceptable thermal stress values. The
uniformity of the final temperature field distribution in the microbiomaterial volume ) can be characterized by the
following mathematical model:

max T(x,y,z,t)— min T(x,y,zt)|—>min, (1)
(x,[v,z)eQ (x,y,2)eQ z eZ

te t\,;r'} tel o3t
where T(x,y,z,t) — temperature field of the point area (x,y,z)e Q" of multilayer microbiologic material
Q;
t,» t — initial and final moments of time heat exposure.
In this case, it is necessary to fulfill the restriction on the minimum and maximum values of the temperature
field in the microbiomaterial O :

T <maxT <T,;
()

T, <minT <T,,

where Tl* — the specified minimum permissible value of the maximum temperature field;

T, — the specified maximum permissible value of the maximum temperature field;

T, — the specified minimum permissible value of the temperature field minimum;

7:: — the specified maximum permissible value of the temperature field minimum.

For correct formulation of the boundary value problem describing the temperature field of a multilayer
biomaterial, it is necessary to set initial conditions in the form of the temperature field distribution at the initial moment
of time, after defrosting:

T(oyz0|, =T"(x.y.2), 3)

where 7" — temperature field distribution in the area of multilayer microbiological material after the end of
the thawing process and before the laser fission.

Regarding the formulation of the control problem of the biotechnological process of biomaterial defrosting,
it should be noted that for this purpose it is necessary to carry out the parameterization of the biomaterial temperature
field by representing the corresponding temperature field depending on the control parameters. In this case, in the
mathematical model (1) the temperature field is represented as:
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T:T(x,y,z,t,Y), @)
where Y —vector of defrosting process control parameters, the components of which are subject to
appropriate constraints inherent in the technological means providing the defrosting process.
To control thermal stresses caused by jumps in the values of the temperature field gradient vector, it is
necessary to minimize the maximum value of the modulus of the temperature field gradient in the area of points of
the multilayer microbiological material O, find:

min| max *‘grad T(x,y,z,t,z* )‘ . (5)
Zez | (x,7,5)eQ
teftyst ]

To substantiate the correctness of the above applied optimization mathematical models it is possible to apply
mathematical methods given in the articles of the author [14, 15]. Their essence is that the correctness of boundary
value problems describing the thermophysical system «embryo under laser influence» determines the correctness of
applied optimization mathematical models. To prove the correctness of boundary value problems the symbol of the
differential equation is divided into the sum of several symbols and for them it is proved that the conditions of
subordinated symbols to the differential operator and exponentially correct polynomials of constant power in spaces
of generalized functions of slow step growth bounded on the segment of the real axis are fulfilled. Besides, to increase
the accuracy of optimization of the selected technical parameters of laser emitters it is necessary to implement not one
but as many applied optimization mathematical models as possible. The number of iterations depends on the total time
allotted for parameter optimization and on the optimization accuracy initially set.

Conclusions

The article proposes an applied optimization mathematical model, which is used to improve the accuracy of
unfreezing ofembryos before laser fission. At this stage, to avoid rupture of cell membranes it is necessary to stabilize
the behavior of the temperature field gradient vector caused by jumps in thermal stress. The author noted that the
peculiarity of the object of study is that its state is described by a boundary value problem for a system of partial
differential equations (a system with distributed parameters). This specificity considerably complicates both the
process of constructing appropriate mathematical models for optimizing the parameters of laser radiation action on
multilayer microbiological materials and their use to improve the quality of the biotechnological process of biomaterial
fission. For justification of correctness of boundary value problems the author used specialized methods and estimates
on the functions of solutions in the space of generalized functions of slow step growth. Application of the research
results of this article for solving many applied optimization problems will make it possible to increase the accuracy
of control of technical parameters, which guarantees acceptable values of thermal stresses, and reduce the
traumatizability of embryos during laser fission.
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