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VARIABILITY OF THE CHOICE OF THE MATHEMATICAL MODELS
IN APPLIED SECURITY PROBLEMS

Thevariability of the choice of mathematical models for solving applied safety problems allows to substantiate
the methods of nonlinear mathematical programming to increase the accuracy of the implementation of the
main optimization task of increasing the quality of the biotechnological process of laser embryo division. This is
achieved thanks to the implementation of several applied optimization mathematical models, which are partial
cases of the main optimization problem. The article presents 9 applied optimization mathematical models of
the process of laser action on the embryo. According to the authors of this article, the most meaningful is the
applied optimization model for minimizing the number of thermally injured cells. Other applied optimization
mathematical models presented in this article are auxiliary and contain general recommendations for
optimizing the technical parameters of laser emitters and improving the quality of laser embryo division.

Optimization of technical parameters is possible only after calculating the values of the temperature of laser
action, that is, after solving a nonlocal boundary value problem with a system of heterogeneous, nonlinear,
multidimensional partial differential equations with conjugation conditions in the layers of the embryo.
To substantiate the correctness of the boundary value problem, the authors applied specialized methods of
nonlinear mathematical programming based on the theory of pseudo-differential operators over the space of
generalized functions of slow power growth. Taking into account the specific features of the boundary value
problem and applied optimization mathematical models, the calculation of the values of the temperature field
in the embryo was carried out by the methods of separated variables and uncertain coefficients. Applying the
calculated temperatures of laser heating in the layers of the embryo, a mathematical model of minimizing the
number of thermally injured embryos was implemented.

Key words: variability, safety environment, bioobject, optimization mathematical models, mathematical
programming problems.

Formulation of the problem. Currently, the
greatest interest is in mathematical models, methods
for implementing the parameter optimization process
and their application to solving particular problems.
Mathematical models for calculating the temperature
of laser exposure on a multilayer microbiological
object (embryo) are non-local boundary value
problems for a system of partial differential equations.
The correctness of the calculated mathematical models
(boundary value problems) entails the correctness of
the main problem of optimizing the parameters of
laser division of the embryo.

In the article, based on the variable analysis of
mathematical methods and models, the problem

of designing a safe environment for the embryo
under the influence of laser radiation sources is
solved. For this, the authors provide 9 applied
optimization mathematical models and a calculated
mathematical model of the process of laser action
on the embryo. According to the authors of this
article, the implementation of mathematical models
for minimizing the number of thermally injured
embryos and avoiding the temperature field from
its predetermined value will allow to increase the
accuracy and speed of optimization of the selected
technical parameters of laser emitters, which will
increase the viability of cells during laser division of
embryos.
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Analysis of recent research and publications.
Having analyzed the phase composition of cast iron
alloys and using specialized optical-mathematical
methods, the article [1] developed a structural
approach for controlling the production of mechanisms
and their use in heavy engineering. Proposed
mathematical methods and designed devices for
increasing the efficiency of ensuring biotechnological
processes in animal husbandry [2]. The work [3]
analyzed the advantages and disadvantages of the
most well-known currently existing technologies for
laser division of embryos, and solved certain applied
problems of improving the quality of laser division of
embryos for embryo transplantation. Having analyzed
some existing cyber threats to electrical systems in
Ukraine, article [4] proposes methods for increasing
the efficiency of electrical systems, which are based
on the theory of systems with distributed parameters.
The authors of publications [5-7] conducted
fundamental research on computational and applied
optimization mathematical models in applications to
systems with distributed parameters, in particular to
solving optimization problems for thermophysical,
electrical and mechanical systems.

Using dynamic models and methods of economic
modeling in articles [8, 9], strategies for optimal
management of technical innovations to minimize the
effects of risks in the production activity of domestic
agricultural enterprises were developed. The authors
of articles [10, 11] studied mechanisms for attracting
additional investments from domestic and foreign
investors to reduce the influence of risk factors in the
production activities of domestic agricultural enterprises.

Task statement. Determine and justify the conditions
for creating a safe environment for the biological object
when using innovative research methods.

QOutline of the main material of the study. Let’s
consider some applied optimization mathematical models.

Mathematical model 1. It is necessary to minimize
the difference between the values of the temperature field
at given points of the multilayer system (Fig. 1) and pre-
specified permissible values of the temperature field:

min max T (% Y202 ) =T, (1)
-1 N

reltyst’]

where T, (x,., Vis 2t z*) — temperature field;

T" — permissible temperature field values;
(x,¥,2)eQeQ,i=1,..,N — area of multilayer
microbiological material,

7 — vector of parameters of thermal effects on
multilayer microbiological material;

t, — initial time ¢;

" —final point in time ¢.
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Fig. 1. Multilayer structure of microbiological material

Mathematical model 2. It is necessary to minimize
the maximum value, among control points, of the
temperature field, find

min max ﬂ(x,,yi,zl_,t,z*)‘ 2)

eZ (X.i.5)e

l:l,N*
1elty;r ]

Notice, that 7;(x;, y,,z,,%,2") — temperature field of
the point area (x,,y,,z,)e Q,€ @', i =1,.., N multilayer
microbiomaterial Q, a z° — vector of parameters of
thermal impact on multilayer microbiomaterial.

Mathematical model 3. It is necessary to minimize,
in terms of thermal impact parameters, the maximum
value of the temperature field in the area of multilayer
microbiological material:

mip max T(xrzn). @)
teltyst ]

In the above mathematical model T (x, Y, 2,1, z*) is
the temperature field of the area of points (x, y,z)e Q@
multilayer microbiomaterial Q, #, and ¢* — start and
end times ¢.

Mathematical model 4. It is necessary to minimize,
according to the thermal impact parameters, the
maximum value of the temperature field gradient
modulus in the area of points Q°, multilayer
microbiological material Q, that is, find

min (X’ryr’lg?d‘grad T(x, V2,02 )‘ . 4
teltyt ]

Wherein T (x, ¥, 2,1, z*) is the temperature field of
the area of points (x,y,z)e Q" multilayer (N-layer)
microbiomaterial Q, a z° — vector of thermal effect
parameters.

Mathematical model 5. In practice, there are
often problems when it is necessary to estimate the
number of viable and thermally injured embryos.
This problem arises during laser division of early
elite cattle embryos for further transplantation of
embryo parts. In this case, it is necessary to maximize
the number of viable embryos, that is, find

ﬁ:];(xi’ywzi’t’{)_) max ., (5)
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where T, = {O’ Ti> T*’

l, T<T;
T, — the value of the temperature field in the area of
points of a multilayer (three-layer) microbiological
object (embryo) Q.

Notice, that 7° — this is the permissible
temperature at the points belonging to the embryos,
t, and ¢ — start and end times 7, a z° — vector of
thermal effect parameters.

Mathematical model 6. Consider the problem of
controlling the nature of the interlayer distribution of
the temperature field:

mln
ieZ

max T(x y,z,tz)— (6)

(x,y,2)eN,
telty; |

max T (x t,
(x,y, z)sNz ( y’ 5Lz ) ’
telty; 1]

where N,, N, —areas occupied by controlled layers.
In its turn, T (x,y,z,%,2") — temperature field, i,
and ¢ — start and end times ¢, a z° — vector of laser
beam action parameters.
Mathematical model 7. Consider the problem of
monitoring thermal stresses arising between layers:

7eZ | (xy.2)eN x,y,2)eN;
relty’] reltysr’]

min| max T(x.y.z.0.2')~ min T(x, y,z,tz)J-(7)

Wherein T (x, ¥, 2,1, z*) is the temperature field of
the regions N,, N, adjacent layers of microbiological
material Q.

Mathematical model 8. Consider the problem
of minimizing the deviation (deviation) of the
temperature field of a microbiological material,
when exposed to a laser beam, from a predetermined
(desired) distribution of the temperature field in the
area of points of the microbiological material:

T2 apoa

e ]

where Ty(x,y,z,t) — predetermined (desired)

distribution of the temperature field in the region Q
microbiological material Q.

Mathematical model 9. Consider the problem
of minimizing the deviation (deviation) of the
temperature field of a microbiological material,
when exposed to a laser beam, from a predetermined
(desired) distribution T;(x, y, z,¢) temperature field on
a smooth curve L in microbiological material:

12
[I(T(x, y262) =T, (x,y, z,t))2 dLj .(9)

1/2
[j (T(x320062)-T(x, y’z”))z ‘m*] . (8)

min max
7 eZ (x,p,2)el
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In turn, in the formula (9) T(x,y,z.152) -
temperature field of points (x;, y,,z;)e L smooth curve
of multilayer microbiological material Q.

To implement applied optimization mathematical
models, the values of the objective function

(temperature field) are required, which are obtained
by solving the boundary value problem of the
process of laser exposure to the embryo. The main
difficulty in parameterizing temperature fields is
obtaining an analytical (approximately analytical)
or algorithmic (numerical) representation of the
solution to the boundary value problem depending
on the changeable (during the system synthesis)
parameters included in the formulation of the original
boundary value problems. In the case where there is
an analytical solution to a boundary value problem,
which organically includes the required parameters, it
is possible to eliminate the time-consuming process of
solving a series of similar boundary value problems.
Such analytical solutions, unfortunately, are available
only for classical domains (segment, circle, circle,
ball, sphere). Note that the consideration of any new
boundary value problem describing the temperature
field in the system under consideration requires
overcoming the difficulties associated with the field
parameterization stage [12—14].

Calculation mathematical model of the process of
laser exposure to an embryo:

oT, o1, 20T . e
p6 —+ P - (ar P 6rj+q' =0, re[0;n], te[0:1];
on o 20T _ . T
P26y —= o xl[@rl +”2 o +q,=0, relrnn], te[ib]; (10)
o, &T, 24T,
PNCy BtN — Ay [E)r ; 6;]*41‘/ =0, re["/w I;rN]1 te[t.w l;tlv]v
where p, — density coefficient e layer of multilayer

(N —layer) microbiomaterial, where e =1,.., N ;
¢, — heat capacity coefficient of the e layer of
multilayer (N — layer) microbiomaterial;
%, —thermal conductivity coefficient of the e layer of
multilayer microbiomaterial;
g, — specific power density of thermal loads in a
multilayer microbiomaterial;
T,=T,(r,t) — temperature field of points of the e
layer of multilayer microbiomaterial;
r, — spatial coordinate;
t, — time parameter.

Dirichlet boundary conditions:

T(r,t)] P=T; (1)
T(r,t) =T,
Equalities in the division of media:
oT, oT, .
T, (r. 1) =T, (n,t - ===
(r.1) =T, (5 15), " or o
oT, oT,
R (12)
oT, oT,
Ty (fvastyd) =Ty (s ty )y =Ry 61:71 =y T;v

The notations are the same as in the system of
differential heat conduction equations (10).
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Boundary conditions of heat exchange:

Wheam-n)) -0. @3)

where %, — thermal conductivityré)oefﬁcient of the
outer layer of a multilayer ( N -layer) microbiological
material;
A — heat transfer parameter of the outer (outer) layer
of a multilayer microbiological material;
T,, —ambient temperature.

Taking into account the specifics of laser action,
boundary conditions (13) will look as follows:

—Xlaa—Tl(O,t):qS, 0<i<h, (14)
r

where ¢ — specific heat flux;
S — diameter of heat source.

Let us divide the solution of the differential heat
equation from system (10) into the sum of two
solutions:

T(r,ty=T,,(r,0)+T,,(r,1), (15)
where T, (r,t) — general homogeneous solution;
T,,(r,t) — private inhomogeneous solution.

General homogeneous solution:
T(r,t) = u(ryv(t). (16)

Substituting 7'(r,7) into the equation of system
(10), we got:

V(Ou(r) — a(v(Ou'(r) + %v(t)u'(r)) =0. (17)
Transformed the differential equation (17):

V'(t) =cv(t), u'(r)+ g u'(r) = < u(r) .
r a

(18)

Solving an equation with separating variables and
a Fuchs class equation, respectively:

© ckr2k—l d
) =e", 1 =y an
MO = w0 = Gy

Cerk

wry=—" (19)
;ak ((2k +1)1)

Let us write down the general homogeneous
solution of the differential equation:

T(r,1) = (cu(r) + cuy(r)) e . (20)
Particular inhomogeneous solution of the heat
equation from system (10):

Lm0 =~dor.

(e2))

Using the results obtained, we write the solution

to the differential heat equation from the system (10):
T(r,t) =T O)edi ctrt ~ e p2g(1) . (22)
’ T Ea ((2k + 1)) 6a g

Having obtained the solution function to the
boundary value problem (10)—(14), we proceed
to the implementation of the applied optimized
mathematical model 5, that is, to minimizing the
number of viable cells.

Conclusions. Having studied the variability
of applied optimization mathematical models for
solving the problem of designing a safe environment
for a biological object, the article proposes and
substantiates the conditions for improving the quality
of the biotechnological process of laser embryo
division. Increasing the viability of cells is achieved
due to the implementation of the mathematical
models proposed in the article. It should be noted that
for the optimization of the selected parameters of the
biotechnological process, the values of the temperature
of the laser action are required, which are obtained
after the implementation of non-local boundary value
problems of systems of multidimensional equations
of thermal conductivity. Taking into account the
specific features of applied optimization mathematical
models, analytical methods of nonlinear mathematical
programming were chosen to calculate the values
of the temperature field. Increasing the accuracy of
ensuring the control using the technical resources of
laser emitters, which is achieved thanks to the use of
the layer-by-layer distribution of temperature fields
in the embryo obtained in this article, will allow to
increase the level of viability of the bioobject during
laser division.
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JleBkin JI.A., ’KeproBuuxona O.A., Cunsisina 10.B., Jlekin A.B. BAPIATUBHICTb BUBOPY
MATEMATUYHUX MOJIEJIEHN Y ITPUKJIATHUX BE3NNEKOBUX 3AJIAYAX

Bapiamusnicme subopy mamemamuunux mooeneti 015 po36 Sa3aHHI NPUKIAOHUX Oe3neKo8UX 3a0ad 00360-
JIAIE 002PYHMYB8AMU MEMOOU HENHIIHO20 MAMEeMAMUYHO20 NPOSPAMYBAHHA 011 NiOBUUEHHA MOYHOCI pea-
Ji3ayii 0CHOBHOT onMUMI3ayitiHOl 3a0aui 30L1bWeH s AKOCMI OIOMEXHON02IUH020 NPOYecy 1a3epHO20 OLleHHs.
embpiona. Lle docseaemuvces 3a605aKuU peanizayii 0eKiibKoX NPUKIAOHUX ONMUMI3AYIUHUX MAMeMamuyHux
Mooeinell, K € YACMKOSUMU BUNAOKAMU OCHOBHOL onmumizayilinoi 3adaqi. B cmammi nasedeni 9 npukiaonux
ONMUMIBAYITTHUX MAMEMAMUYHUX MoOelell npoyecy 1azeproi 0ii na embpion. Ha oymky aemopis yici cmammi,
HAUOIIbUW 3MICIMOBHOIO € NPUKIAOHA ONMUMI3AYILHA MOOETb MIHIMI3AYIT YUCIa MePMIYHO-MPABMOBAHUX KIli-
mum. [nwi e HageOeHi 8 yill cmammi NPUKAAOHT ONMUMI3AYTUHI MAMEMAMUYHI MOOE € OONOMINCHUMU MA
MiCmsmb 3a2a1vii pekomeHOayii w000 OnmumMizayii mexHiYHUX Napamempis i1a3eprux UNPOMIHIO8a4ie i nio-
BULEHHSL IKOCTL 1A3ePHO20 OlleH sl eMOPIOHA.

Onmumizayis mexuHiyHux napamempie MOJNCIUGA UULe NICI PO3PAXYHKY 3HAUEHb MeMNnepamypu 1a3epHoi
0ii, mobmo nicis po36 ’sa3anHs HeLOKANIbHOI Kpallogoi 3a0aui 3 CUCEeMOI0 HeOOHOPIOHUX, HeNiHIUHUX, baca-
MOBUMIPHUX OUGhepeHYiaibHUX PIBHAHb 8 YACMUHHUX NOXIOHUX 3 YMOBAMU CHPAJNCEHHSA 8 uapax emOpioHa.
s 06IpyHmy8anHs KOpeKmHoCmi Kpatogoi 3a0ayi agmopu 3acmocy8aiu cneyianizosani Memoou 3 HeliHil-
HO20 MAmMemMamuyHo20 NPoSpamy8ants, o 0a3yimscsa Ha meopii nces0ooudepeHyianbHux onepamopie Hao
NPOCMOPOM V3a2aNlbHeHUX (DYHKYIL NOBIIbHO20 CMeneHego2o 3pocmants. Bpaxysaswu cneyughiuni ocoonu-
60Cmi Kpatiogoi 3a0aui i NpUKIAOHUX ONMUMI3AYIUHUX MAMEMAMUYHUX MoOenell, PO3PAXYHOK 3HAYUEHb meM-
nepamypHo2o nojis 8 eMOpioHi 30ilicHeHUll Memooamuy 8I00KpeMLeHUX 3MIHHUX | HeGU3HAUEHUX KoepiyieHmis.
3acmocysasuiu obyucieni memnepamypu 1a3epHO20 HASPIBY 8 WApax eMOpIoHa, peanizo8ana Mamemamuita
MoOelb MiHIMI3ayil yucia mepmiyHO-mpasMOBaAHUX 3APOOKIE.

Knrwuosi cnosa: sapiamusnicms, Oeznexkose cepedosuuje, 0i006’€km, onmumizayiliHi mMamemamuyHi
Mooeri, 3a0ayi MamemamuyHo20 npoepamysanHs.
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