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Introduction properties of solutions, to determine the characteristic

In mathematical modeling of the regulatory stationary solutions and the existence of periodic
mechanisms of complex, interconnected systems, solutions. Solutions can be obtained with the required
such as living systems, it is very important to choose accuracy based on the implementation of the model on
a class of mathematical equations that have an a computer [6-10]. To solve the equations of the
“native” ability to oscillate modes of solutions, as well regulatory mechanisms of biological systems, it is
as suitable for modeling biosystems in normal necessary to set the initial conditions on a segment of
conditions, anomalies, and when there is exist sudden length h [11-14]. This is rather difficult for models of
activity death [1, 2]. Such equations are functional biological systems due mainly to discreteness of
differential equations with a delayed argument, experimental data. As a result of this, the question
constructed on the basis of the methods of regulating arises of approximating the initial functions on the
living systems [3, 4]. Functional differential equations basis of discrete values of the variable equations and
of regulatory mechanisms of biological systems are obtaining approximate solutions for their finite
not integrated and obtaining exact solutions is number. Obtaining solutions of differential equations
generally impossible [1-9]. Using methods of with high accuracy allows us to study the basic laws
qualitative analysis allows us to identify the general of the behavior of solutions based on methods of
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qualitative analysis and selective numerical solutions
on a computer.

STATEMENT OF A PROBLEM

The use of functional differential equations with
a delayed argument in the modeling of biological
systems involves an analysis of the general patterns of
solutions based on the theory of qualitative analysis
and the most accurate assessment of solutions near
critical points, where, depending on the values of the
parameters, qualitative changes in the behavior of the
model can occur. Let M(my,...,my) be the point of
interest to us in the phase space. Then the equations of
the regulatory mechanisms of biological systems in an
infinitely small neighborhood M can be linearized by
expanding the right-hand side in a power series and
taking into account only linear deviations from the
point M. We introduce small z(t)

Xi(t) = m; + zi(t), i=12,..,n
for which the general equations of the regulatory
mechanisms of biological systems have the following

form:
a0, o
o A' (M +z(t-h))e —-bm, =bz(f) N
where

Al (M +z(t—h)) = > i ﬁ(mi+zi(t_h))

Jj=l k. k=l m=1

1=1.2,...,n
After consecutive calculations we
dz,(t) &
T :Z:] auzj(t—h)—b[z[(t)ﬁ-q,’ @

where aij (i,j = 1,2,...,n) are constants expressed in
terms of parameters (1), and

q,=A'(M)e

i

b, )

If to replace in (2)
u(t) = z,(t)e ",

then we obtain the following equations in an
infinitesimal neighborhood of the point M of the phase
space.
du,(t)
7:2 au,(t—h)+q,
=

(4)
i=12..,n

If M is not an equilibrium of the equations of the
regulatory mechanisms of cell communities, then by
(3) we have gi =0 (i = ,2,...,n). The considered
“biological” problem for differential-delay equations
(3) allows, under the indicated conditions, solutions to
be obtained from the point values of the desired
functions. We study some questions of obtaining
approximate solutions of inhomogeneous, linear

differential-delay equations with for a limited number
of specified point values of the desired functions.

THE PROBLEM DECISION

Let us consider the following equation

du, (1)

— —a@ut=h+q@), (5)

Let the boundary conditions be given in the
following form:

U(to-kh) = Ux. k=0,1,2,... (6)

here to=Ph and P >1, where P is positive.
We introduce the following notation: let up(t) be
a solution (5) satisfying the boundary conditions:
u(Ph -kh) = u, k=0,12,...

and let uy(t) be a solution (5) satisfying the following
boundary conditions:

u(kh) = uy,
u(-kh) = 0.

k=0.1.2,..P
k=0,12,.

We consider the behavior of the approximate
solution up(t) of equation (5) under boundary
conditions (6) at t>to . Let gq(t) be a continuous
function in (-0,00) and | |q(t)] < M, and the function
a(t) hasin (-o0,0) all derivatives and

d"a(t) ~ N
dt |, o (—oo, )

n=0.12,.

lud<L. k=01,2,..

Then for [to+kh, to+(k+1)h] (k=0,1,2,...) we
obtain:
L(Mh)""!
(p+D! -
Indeed, the function ry(t) = uo(t) - uy(t) satisfies
the equation

dr, () B
7R a®r,(t—h)

and the following boundary conditions
ro(kh) =0, k=0,12,.P.
rp(-kh) = Up+k k=0,12,..

ey (£) =1, (1) < (1 M) (™" — M)

Att e [to,to+h] we have:

o, D a(H)dH}..{j a(ﬁ)dé’}
”p ()= z 0 0 .

n=p+l

Consequently:

n!

)= i L(Mh)" _

n T (p+D)!

LM (v (MR
[sz (p+2>(p+3)+“‘]

n=p+1
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we obtain - i S, Bl p+ )
Mh iy ;=1
r, ()] < DT (e™ —Mhn) r, ()= H:ZIM -
to<t <to+h to< t <ty +h
Then
For [to+h,to+2h] we have:
n" L(Mh)**
‘ ‘rpi (t)‘ < Dl (e™ —Mh)
r,(O)=7,(t, +h)+ [ a(@)r, (0 h)d0 (p+D)!
o - Having carried out similar  sequential
and integrations as in the previous case, we have:
) L(Mh)™ ko Mh_ n" L(Mh)""!
Ir, ) <Jr, (t)] + Mh.max{r, (¢ )| < (1+ Mh)(e™" — Mh) o+ D] \rp, (t)\ <(+nMh)" (e"™ — Mh) Dl

to +h <t <to+2h
Thus, after sequential integration, we obtain:

|7, (0] < A+ Mm)* (™ —Mh)%
at [to+kh,to+(k+1)h].

Let us consider approximate solutions for the
system of equations

du,(t)
- —Z a, O, +q, (D) gy
i=12,..,n

Let gi(t) be continuous on (-o0,00) and |qi(t)| <

N, k= 0,#1,#2 ... and the functions a;j(t) have
derivatives of all orders on (-o0,00) and
d ar;(t) <M
dt t € (—oo,h)
i,j=1,2,...,n
m=0,1,2,..

Let’s also we have

Ui(to-kh) = |Ui| < L.

k=0,12,..; i=12,..,n; to=Ph(p>1).

Then for [to+kh,to+(k+1)h] (k=0,1,2,...) we
obtain:

n" L(Mh)""

(p+D!
where Ug;, Upi are exact and approximate solutions (7).
Since the functions

rpi(t) = Uoi(t) - Upi(t),

Uy (t)_up,- (t)‘ < (1+th)k (th — Mh)

i=12,..,n

satisfy the system of equations

dr, (1) &
=2 a,(0r, (=)
J=1
i=12,..,n
and the following boundary conditions
rei(kh) = 0, k=0,1,2,..P.
rpi(-kh) = Up+i, k=0,1.2,..
i=12,..,n
we obtain:

DISCUSSION

These studies show that approximate solutions to
the biological problem for differential-delay equations
can most effectively be applied in the immediate
vicinity of the initial point to. If the permissible error
of the solution is given in [to,to+h], then, using the
proved inequalities, we can determine the smallest
number of boundary conditions necessary for this.
This allows for the mathematical description of
biological processes by functional-differential
equations with delayed argument, under certain
conditions, to plan in advance the necessary amount
of experimental data.

Indeed, let some biological process be described
by the system of differential-delay equations (7) and
experimental data can be obtained at the points to, to -
h, to - 2h,... . It is required to determine the required
number of experimental points for the mathematical
description of the process on the time interval [to,to+T]
up to a certain € > 0.

The required number of experimental points can
be determined from the following relation:

Iroi(V)] < &

t € [mh,(m+21)h], rme m=[T/h]
or

n" L(Mh)"""

(1+nMh)" (" — Mh) RS

By entering the notation

_ (+nMh)" (" —Mhyn"L

k
~ , ®
We obtain
(p+D!
(Mh)p+1
Keeping in mind, that
p+l

(p+1)l= (p;lj P2z(p 1)

we have
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(p+ljp+] . k
Mhe m . 9)

Thus, the required number of experimental
points (p) can be determined using the following
equation:

1
,/2;r(p+1)(’;4he] k=0 (19

Consider an example. Let the process be
described by the following equation

du(t) . B
o 9sintu(t — 1)+ q(¢) 1)

and it is required to determine the necessary number
of experimental points that allow one to obtain
solutions on [to,to+10] with an accuracy of 10 . We
calculate k from (8). Then equation (10) has the form:

+1)" 1007 -9
,/27r(p+l)[§/[he] 100 )'

10

An analysis of this equation shows that the
minimum number of experimental points that make it
possible to obtain a solution on [to,t+10h] with an
accuracy of 107, is not more than 48.

An important task, when we realizing
differential-delay equations on a computer, is to
determine the initial functions. In this case, T = h (m
= 1). Therefore, to estimate the amount of necessary

References:

1. Hidirova, M.B. (2004). Solutions of the
functional-differential equation for adjustment
of human systems. Vestnik Moskovskogo
Universiteta. Ser. 1 Matematika Mekhanika, pp.
50-52.

2. Saidalieva, M., & Hidirova, M.B. (2019).
Innovative Technology for Modeling Cancer
Grow Regulatory Mechanisms with Taking into
Account Micro-RNA Action. International
Journal of Innovative Technology and Exploring
Engineering (IJITEE). Volume-9, Issue-1.
November, pp. 1705-1709.

3. Saidalieva, M., Hidirova, M. B., Turgunov, A.
M., & Yusupova, Z. Dj. (2019). “Quantitative
study of the regulatory mechanisms of cardiac
activity and liver function in pathogenesis,” IOP
Conf. Series: Journal of Physics: Conf. Series
1260 102016. pp.1-9. doi:10.1088/1742-
6596/1260/10/102016

4. Abduvaliev, A., Saidalieva, M., Hidirova, M., &
Gildieva, M. (2015). Mathematical Modeling of
the Thyroid Regulatory Mechanisms. American

data in order to obtain the initial function with the
required accuracy of 109, we have

p+1 7
J27(p+1) :aIOq,

Mhe
where
a = (1+nMh)™(eM" - Mh)n"L .

Then for q we obtain
1 p+1 p+1
=—1log(2 D)+—log——
q =5 loglr(p+)+=—logso—,
which shows a very rapid increase in the degree of

accuracy with an increase in the amount of data.

Conclusion

Thus, the studies results for some aspects during
applying differential-delay equations for the
mathematical description of biological processes
show that in many cases when it is impossible to
reliably determine continuous experimental curves on
the initial segment of length h, effective results can be
obtained with using the biological problem formulated
above for differential-difference equations with a
delayed argument, taking into account the specific
character of biological data.

Journal of Medical Sciences and Medicine,
2015, Vol. 3, No 3, pp. 28-32.

5. Saidalieva, M., & Hidirova, M.B. (2014).
Functional-differential equations of biological
communities regulatorika. 1SJ Theoretical &
Applied Science, Ne 4 (12), pp. 7-11. doi:
10.15863/TAS.2014.04.12.2

6. Hidirova, M.B (2001). Biomechanics of cardiac
activation: the simplest equations and modelling
results. Russian Journal of Biomechanics, Vol.
5, Ne 2: 95-103.

7. Hidirova, M.B.,, & Yusupova, Z.D. (2016).
Mathematical model of the regulatory
mechanisms ~ of  human  cardiovascular
system. Theoretical & Applied Science 10 4-8
2016.

8. Saidalieva, M., & Hidirova, M.B. (2015).
Mathematical modeling of genetic mechanisms
of cancer. ISJ Theoretical & Applied Science 01
(21): 84-88.

9. Hidirova, M.B. (1998). On a closed model of the
cardiovascular system (CVS): Mechanics of

Philadelphia, USA

69

2 Clarivate
Analytics /e



ISRA (India)  =4.971 SIS (USA) =00912 ICV (Poland)  =6.630
. ISI (Dubai, UAE) = 0.829 PUHII (Russia) =0.126  PIF (India) =1.940
Impact Factor: g\ australia) =0564 ESJI(KZ)  =8997  IBI (India) = 4.260
JIF =1500 SJIF (Morocco) =5.667  OAJI (USA)  =0.350
cardiac  tissue excitement. Problems of Cellular Mechanisms of HIV Infection’s

10.

11.

12.

Mechanics, Ne 2, pp. 39-43.

Hidirova, M.B. (1998). On a closed model of the
cardiovascular system (CVS): The rate and
cardiac anomaly. Problems of Mechanics, Ne 3,
pp. 29-33. 5.

Hidirova, M.B. (1998). On a closed model of the
cardiovascular system (CVS): Basic equations
and results of computational experiments.
Problems of Mechanics, Ne 5, pp. 26- 30.

Aliev, B.R., Hidirov, B.N., Saidalieva, M., &
Hidirova, M. (2007). Quantitative Study of

13.

14.

Pathogenesis. Engineering Letters, 13:3, pp.
304-307.

Hidirova, M.B., & Shakarov, A.R. (2014). O
reshenijah  obshhego  uravnenija  modeli
reguljatoriki biosistem gudvinovskogo tipa.
Problemy informatiki i jenergetiki, N 5, p.36.
Hidirova, M.B. (2004).  Modelirovanie
mehanizmov vozbuzhdenija serdechnoj tkani.
Matematicheskoe modelirovanie, T. 16, No 11,
p.3.

Philadelphia, USA 70

2 Clarivate
Analytics indexed



