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PROBLEMS OF MODEL CONTROL OPTIMIZATION DESCRIBING
HOMOGENEOUS FLUCTUATIONS

Problems of model control optimization describing homogeneous fluctuations are considered on this paper. A
method of optimization that differs from classic one is offered. The model is considered as a problem of bilinear

system’s optimal control with small parameter .

Introduction 1. Enzyme kinetics is essentially
research enzyme response rate and conditions
effecting them. Basic research models of enzyme
kinetics era better described in paper (1). In this paper
one of the major class of enzyme kinetics models’
class is considered that describes the enzyme —
substance reaction. Let’s remind some well-known
definitions for full presentation. Enzyme is an
organic compound, usually protein, that hastens or
causes substance change by catalytic action for which

itis specific. Enzyme as a catalyst is highly effective

— they work in concentrated product even under
common pressure and temperature. The enzyme
reacts very selectively only with definite compounds
called substances. The enzymes can be either
promotor or preventer. One of the simplest and at
the same time the main enzyme reactions widely
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spreaded in practice is the reaction, where substance
moves irreversibly to material by one enzyme.

The most spreaded is the theory of Michaelis-
Manten [1] where the basis is a supposition, that free
enzyme and substance firstly form enzyme —
substance complex during reversible reaction, that
decays irreversibly in its turn forming free enzyme
and substance again. This reaction can be in the
following way:

_)
S+E SE—>P+E,
&~

where S - substance E - enzyme, SE - enzyme —
substance complex, P-material. And the model of this

reaction is:

%=—x+(x+k—1)y,
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dy
“d

x(t) = X5 5 Y(ty) = Y10 » L €2, T]

=x—(x+k)y,

2. Condition of controlled object can be
described by common differential equation:

dr SO0+ p(x,0) + g(x, Du(x, 1),

x(ty) =x, ,t €[t,,T).

(M

where x =(x,..x,) n -, f(x,0)=(f,(x.0)...1,(x,1)
measuring vector of phase
P =(p(x,0..p,(x,0)), &(x,1) =(g,(x,1)...g,(x,1))-
n- measuring vector-functions. u(x,#) -piecewise-
constant scalar function satisfying a limitation

| u(x,t)|< M,M = const >0. 2)

For the model (1) control quality is estimated by
function of function by Boltz.

coordinates,

Let scalar function v(x,?) - be the first integral
of the system

dx
E=f(xat):te[to’T] (3)

and let’s define the function of function of Boltz by
the following way:

ov(x,t)

T »n
J(w) =v{x(@),T]+ [| Y

&y &) X4

p,(x,t)| dt +

+,fMt§ia%")g,(x,r)s . @)

Theorem [2]. Let the function v(x,#), that is
the first integral for non-controlled system (3) is
given for the system (1). Then functions like

0’ (x.t)= —Msign(i %"’Q g (x,0)

i=1 i

give  bare

minimum to function of function by Boltz (4) u
J(ua) . min J(u)=V[x(t0 ),to] .
lul<M

General part.

Let’s apply this theoreme for given model.
Structure of the system is bilinear and with two
controlling functions, that means:

dy

8——
at

-x+(x+k-A)y+a,u,

=x—(x+k)y+ayu,,
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with initial conditions () =x,, , ¥(t,)=
=y » t €[t,,71], and with limitation for controlling

[u,(x,8)|< M\,M = const >0 |u,(x,t)|< M,,M =const >0.
Using first integral of non-controlling part of the
system, let’s write down the function of function by Boltz

T
J@)=v(x0)+ [| May, +&M,a,, | dr — min.
0

v(x,t)-the first integral of non controlling part of
considered system and look as :

v(x,t)=x+¢g — ].(Zk + A)y(w)dw.

At that, values of optimal controlling functions
are the following:

0 (]
u =M, ,u,=M,a,, .
And minimum value of function of function is:

J@") = %0+ 9 - [k + Dy(@)do,
0

Thus, a sum of optimal bilinear system’s control
with small parameter € was considered on presence
of first integrals of non-control system’s part and with
the help of choice of function of function by Boltz .
An advantage of this optimizational approach is that
the optimal control is in analytic view. The sum on
optimization of bilinear systems with the small
parameter €. In common case, analytic system’s
solution describing models of enzyme kinetics is very
difficult to find. But in this sum, on the condition that
bilinear system has the firs interval, an analytic view
of controlling functions is found for definite model.
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Pesiome

Byn xymsicta GiprekTi TepOenicTepai ©pHEKTEUTIH YATiHi
THiMAI 6ackapy Mecesepi KapacThipbiiraH. benrini epictepaeH
e3ree eficreH yaridi Tuimai 6ackapy kepceriireH. COHbIMEH
Gipre, aJbIHFAH YJITiHI € a3 TAPaMETPJIi ChI3BIKTBIK EMEC XYHEHiH
THiMAII Gackapy ecebi aen IbFapbUIFaH.

Pesome

PaccMOTPEHB! BONIPOCH! ONTHMHU3ALMH YNPABICHHA MO-
JieNu, ONUCHIBAIOIIHE OAHOPOAHBIE kone6Ganus. JlaHHas Moaenb
paccMOTpeHa Kak 3a1a4a ONTHMAIBHOTO YNPaBNeH s OUTHHEH-
HBIX CUCTEM C MaJIbIM IapaMeTPOM .

ITpennokeH MOAX0J ONTHMM3ALMHU, OTIHHAlOWEHcs OT
KJIACCHYECKOTO.
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