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OPTIMAL CONTROLLING PATH DETERMINATION WITH THE HELP
OF HYBRID OPTIONAL FUNCTIONS DISTRIBUTIONS

Context. The problem of the determination of the optimal value of the augmentation coefficient of a proportional governor included
into an inertness-less linear object control system on the basis of a synthesized model is solved. The object of the presented study is the
optimal control process.

Objective. The goal of the work is a creation of a method for a problematic situation of the optimum definition, evaluation, and
determination solving at the control system.

Method. A rough model of the phenomenon, and simplified dependence of optimal controlling trajectory upon the cost, of control in
an inertness-less linear controlling system equipped with a proportional governor are proposed. The accuracy of the behavior of the
investigated linear object of control has been chosen in the given consideration as an initial target value which needs to be minimized. The
method of the model building with regards to an expenditures principle is offered. It provides taking into account the cost of controlling
process. It allows finding the optimal controlling value on the multi-optional basis. There applied a certain analogue to the subjective
entropy maximum principle of the subjective analysis in order to obtain a specific optimal distributions for the objective value in the view
of the composed functional. The method of the uncertainty degree of the options extremization is improved by a continuous optional value
introduction that allows forming the value distribution density. The optional synthesized model of the control process is built.

Results. The developed theoretical models allow obtaining, and have been implemented in, finding the hybrid optional density as an
optimal solution of a variational problem with two independent variables, which maximal value is the sought optimal controlling path
delivering minimum to the integrated expenses pertaining with the process.

Conclusions. The numerical experiments on the proposed methods studying in the problem of optimization are conducted. The
discovered dependencies are substantiated as a result of these experiments. Their use in practice makes it possible, and is recommended, to
carryout optimal control in the described systems. The prospects for further research may include creations of models for the optimal
control trajectories findings on conditions involving rates of the considered values varying and in probabilistic, stochastic, undetermined
problem settings.

Keywords: hybrid function, multi-optional control, distribution density, optimal path, variational principle, optimal controlling
surface, optional functions entropy.

NOMENCLATURE

Y is an outlet value of the control system;
¢t is a functions independent argument (time);
kg is a coefficient characterizing the control influence

effectiveness;

u is a control function;

ks is a coefficient characterizing the disturbance
influence effectiveness;

f is a disturbance function;

ky is a coefficient of a governor augmentation; a function

of time; a functions independent argument;
¢ is an error function;
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x is a given action function (an inlet value of the control
system);
L, is a rate of the losses stipulated by the error;

C. is a coefficient of the error;

Lkp is a rate of the coefficient of the governor

augmentation increase cost;

Ckp is a coefficient of the governor augmentation

coefficient;

n is a power index of the governor augmentation
coefficient;

J is an objective functional of the total expenses related
to the process of control optimization;
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¢y is an initial time of the process;
#; is a terminal time of the process;

F is an under-integral function of a functional;

k{, is a first complete derivative of an unknown (free)

function of the governor augmentation coefficient with
respect to the independent variable (time);

P
k, is an optimal function (extremal) delivering an optimal
(minimal/maximal) value to an integral functional,
kpo is an initial value of the coefficient of the governor

augmentation range,

kPl is a terminal value of the coefficient of the governor
augmentation range,

@, is an objective functional of a hybrid optional
function distribution density;

h is a hybrid optional function distribution density;

B is an internal structural parameter of the system
optimal behavior;

Y is an internal structural parameter for a normalizing
condition;

AtAky is a degree of accuracy at the hybrid optional
function distribution density entropy determination;

Hj is an entropy of the hybrid optional function

distribution density;

h* is an extremal control surface;

h; is a first partial derivative of the hybrid optional
function distribution density with respect to time (the first
independent variable);

h;(p is a first partial derivative of the hybrid optional

function distribution density with respect to the coefficient
of the governor augmentation (the second independent
variable).

INTRODUCTION

According to the contemporary progress in the
development of the diagnosing and recognizing models
synthesis it is still an actual scientific problem (task) in
general to implement the modern achievements in the field
of information technologies [1]. The importance of the issue
lies in the plane of connections of the up to date technologies
between themselves (a compatibility aspect) and putting
them into practice.

Therefore scientific basis for the development of the
presented theme will deal with modeling the optimal
controlling process in regards to hybrid optional functions
distributions densities taking into account the expenses
related with the process.

Thus, this justifies the study of optional hybrid
approaches combining different theoretical concepts and
urgency of finding elements of generalization on the basis
of the critical analysis and comparison with already known
solutions for the synthesized models.

Therefore, the object of the presented study is the optimal
control process which generates a problematic situation of
the optimum definition, evaluation, and determination. And
the subject of the study contained within the object is the
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rough model of the phenomenon, and simplified dependence
of optimal controlling trajectory upon the cost of control in
an inertness-less linear controlling system equipped with a
proportional governor.

The aim of the work is to build up an adequate model of
the mentioned above process development. And the tasks
needed to be solved to achieve this aim are formulated as
follows: to develop methods for quantitative and qualitative
evaluations of relationships between: 1) the system accuracy
behavior, 2) optimal values obtained on the basis of an
expenditures principle, and 3) optimal controlling trajectory
determination on the basis of optional hybrid functions
densities entropy paradigm; with further justification of the
methods through computer simulation and calculation
experimenting, as well as the obtained results interpretation
and discussion.

1 PROBLEM STATEMENT

Suppose a linear inertness-less object of control with
the time dependent outcome value: y(t) is given. As for a
linear control system the structure of y(t) also depends

upon the influences of control u(t) and disturbance f (t)
and it is regularly represented with their sum:
(t)= koule)+ k rf (¢), where kg, Kk — coefficients which
characterize the effectiveness of the corresponding influence
exerted upon the object. If the system is equipped with a

proportional governor, which means u(t) = kps(t), where &, —

coefficient of the governor augmentation; a(t) — error value,
then we come to the problem of the error minimization with

the help of the kp coefficient increase since ky — max

provides &(¢)— min.

However, the value of the coefficient kp is restricted.
Therefore, through the prism of the system accuracy cost
analysis the synthesized control trajectory will have some

optimal value: kp(t)—> opt giving the minimal cost to the

system accuracy.
In turn, the problem of the optimal function of k; (t)

formation is to find an extremal of a functional: ®; — max
through a hybrid optional function distribution density:

%
h (t,kp) with taking into account the densities uncertainty
b3
measure (entropy): [, and kp (t) delivers maximum to

*
h (t,kp) as well as minimum to the cost to the system

accuracy.
2 REVIEW OF THE LITERATURE

Theoretical core of the study is a synthesis of a hybrid
approach on the basis of an optional uncertainty pattern.
Mentioned in the introductory section of this paper
problems of diagnostics and recognition models [1] has a
variety in use.

It touches in actual fact the widest application of that
kind of modeling, optimization, control, and all types of
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artificial intelligence involvements, starting with that for aero-
engines [2] and their maintenance and diagnosing [3, 4]
respectively, as well as robust design works likewise [5] up
to other aviation problems such as aviation noise and radio
equipment qualities [6, 7] and finally ending with the social
and economical ones [8—10].

Informativeness of diagnostic attributes let us say for
their optional use like formulated in patent [11] nevertheless
requires every time redefining the proposed criteria. There
must be a certain general optional based parameter with a
character of optimality in conditions of uncertainty of the
considered options.

Uncertainty of some intrinsic value, preferences
functions, in the view of their entropy is proposed in
Subjective Analysis [12—15] and its applications [16-22];
and those analogues will be widely used in this work,
however in the view of optional hybrid functions
distributions densities entropy paradigm since the human-
being influence is excluded from consideration rather the
objectively existing matter is taking into account only.

The mathematical background for the presented paper
is the cornerstones of fundamental theories such as [23-27]
but not restricted just to those.

3 METHODS

Let us consider a linear inertness-less object of control.
Supposedly, its behavior is described with the equation of
[23,P. 162, (1)]:

y=kou+ksf, (1)

where y — outlet value y(t) changing in time ¢; kg, kK7 —
coefficients which characterize the effectiveness of the
corresponding influence exerted upon the object; u —
control u(t); f — disturbance f (t)

The concept described with Eq. (1) implies simplifications
that idealize a real object behavior.

If there is a proportional governor in the control system,
then its behavior equation has the view of [23, P. 163, (2)]:

u= kps , Q)

where kp is a coefficient of the governor augmentation;
€ is an error value.

Traditionally, the accuracy of a control system is assessed
with the value of, [23, pp. 160—165]:

e(t)=x(e)- (o), G)

where x(t) is a given action which is predetermined by the

task being solved.

The considered approach developed of the Eq. (1)—(3)
yields the theoretical result represented in the following
sequence of formulas.

From the relation (3) we can express the given

predetermined value of x(l) on the basis of the relation (4):

x(t) = y(e)+e). @

The error S(t), of the dependences (3), (4), in its turn

from the interrelation (2), for the Eq. (4) will be expressed
with the help of the equation (5):

e(r)="1), )

kp

where the control u(t) , from the formula (1), is written as the
expression (6):

ult)= —y(t)_k];f 1) . ©)

Hence, on condition of the formula (6) the error S(t)

from Eq. (5) becomes a functional dependence defined by
the formula (7):

() MOk f(0) ™

T koky

Thus, substituting the expression (7) value into the Eq.
(4), one can obtain the interrelationship between the input —

x(t), output — y(t) of the governed object, and the

disturbance — f' (t) influencing the object in the view of the
next formula (8):

)= yfe)s 210, ®

koky

Adducing the right hand part of the Eq. (8) to common

denominator it gets it the other notation (9):
kok v\t )+t )=k ¢ ft

x(t)= Opy() y() ff()

Kok,

©

Developing the obvious transformations for Eq. (9) we
obtain dependence (10):

kokox(t) = (koky + Ly(e)— k1 £ ). (10)
Taking into account that from formula (3), (4)
w(e)=x(e)—e(e). (1)

and substituting the value of the Eq. (11) for its value into
the dependence (10) it yields the needed expression for the
relation (11), between the error, inlet, and disturbance:

kokyx(t) = (koky +1x(t) - e(e)] -k £(2). (12)

After several simplest transformations of the Eq. (12)
one can receive the intermediate expressions (13)—(15):

ok (t) = Vol + 1)r(e) — (ko + 1)~k £ £(2), (13)

(kokp + l)s(f)= (kokp + l)x(t)— kokpx(t)_ kff(t), (14)

S(t) _ (kokp + l)x(tl_lfolj—plx(t)_ k/f(t) _ (15)
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And finally, from the Eq. (13)—(15), the workable view
relationship with the explicitly expressed objective values
will be the dependence (16):

ok, ks
0 x(t){ kokp+1j i/ 0=elk). a0

As far as we can judge from the relation (16) that

increasing the coefficient (t) it is possible to decrease the
value of the error a(t). In actual fact, the increase of the

governor augmentation coefficient ky (t) cannot be unlimited

or endless.
Thus, we come to the problem of the optimal value of the

coefficient kj, (t) of the control system. Application of an

analogue to the Subjective Entropy Maximum Principle [12—
22] helps us solving such a problem with respect to
distributions that might be considered an elements approach
in the given case study.

Let us apply an Expenditures Principle which assumes
that the rate of the losses stipulated by the error of the
control system is proportional to the absolute value of the

error 8(l, kp (l)), i.e.

Lotk ()=

where C, is a coefficient.

C. s(t,kp(t)], (17)

The cost of the coefficient kp (l‘ ) rate let be nonlinearly

increasing, that is
1, (k)= K20), (18)

where Ckp is a coefficient; n is a power index.

Then, the total expenses related to the process of the
control optimization will be found as the integral functional
(19) of the sum of these two mentioned above components
(17)and (18):

)= I[C (ool

T )] [L (k) 2y (& +ckpkg(t)]dz .(19)

From Eq. (16)
i) 5

Then the functional (19) with respect to Eq. (20) becomes

11[C8 x(t)— kff(t)

. (20)

Tyl |

Kok, (£)+1

The functional (21) optimal value with taking into

+ Ckpkg(t)}dt. 1)

consideration the governor augmentation coefficient kp (l‘ )

will be found on the basis of the Euler-Lagrange equation (22):

aF(z,kp(t)) d (EW 0.k ol ))] _o. 22)

oky(t)  dr| okt
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where F (t ,kp (l )) — under-integral function of the functional
(19),21),1.e.

Fliky0))=c, RORLLY)

Kok (£)+1

kI’) (z) is a first complete derivative of the unknown (free) function

Cr kple), @3

of the governor augmentation coefficient kp (l ) with respect to

the independent variable (that is the variable of time t):
dk,(t) '

k(t)=
"(t) dt

Since by assumption the under-integral function of the
functional (19), (21) does not depend upon the first complete

derivative of k;’, (l ) Eq. (24), thatis F' (l Ky (l )) only, then for

the OF ¢,k (1)

(24)

member of the Euler-Lagrange Eq. (22) it

ok (1)
means
oF 1.k, (1)) N 5
ok'(z),
d aF(t’kp(t)) ~0 26)
dr\ okp(e) |

and for the entire Euler-Lagrange Eq. (22) we have one very
important partial case of

The optimal function (extremal) of k; (t) delivering the

optimal (minimal) value to the integral functional (19), (21) is
obtained on the necessary condition of the functional
extremum existence in the view of Eq. (27).

In order to shorten the notation starting from now we

denote kp (t) simply as kp remembering its functioning of

independent variable (time (t)) value.

The Eq. (23) on condition of the Eq. (27) yields the
dependence (28):

oF(iky)
ok, ak Gt

1
—kflt +C k) |=
ff()‘kokpﬂ o pJ

=C;

x(t)- ff(Xak [kokiﬂ}ckp%(kg):

Calxle)=k, f(efko
 (kky 1P

+ anpkg_l =0. (28)
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From the expression (28) we get the relation (29):

*{0)=kp flefko  Colx(e)—r £ (ko
(koky 1P (koky P+ 2k0k, +1
and finally the formula (30):
nCy k! ok, P + 2600k, +1]=,
Or the relation (31):

Ce

29)

anp k{;l_l =

x(e)=kes (ko 30)

x(t)- kff(thO '
nCy

p

K ok +1P = = 31)

For recursion or recurring or iteration it is interpreted
with

. Colx(t)—k f(z)(ko )

P nCy (koky +1F

For the relationships (29)—(32) root equation k; (l‘)

determination we propose certain dependence defined from
Eq. (31) with the formula (33):

ks _ 0. (33
an -

K ok +1F - G
p

Since it is difficult to find the explicit analytical function
of the optimal controlling path determination, any of the
numerical solutions in the view of the expressions (29)—(33)
can be used as well as a table function definition.

Now we propose an optional approach to the stated
problem solution. It implies considering the governor

augmentation coefficient value kp as an optional value
having a possibility of changing in a certain range
lkpo ---kpl J The process of the object control develops in

some time diapason [to...tl]. The control system optimal
dynamic characteristics here will also be the extremal of

k; (t) (as that one yielded in the procedures of Eq. (1)—(33))

but for the considered case with taking into account the
optional nature of kj, as well as a degree of uncertainty of

specifically introduced Hybrid Functions. A presented study
is a development of Subjective Analysis, Active System,
Multi-alternativeness Concepts, Subjective Preferences
Approach, and Subjective Entropy Paradigm, Subjective
Entropy Maximum Principle considered in the sequence of
publications [12-22].

Here we consider a hybrid functions apparatus
equivalent to the preferences functions one; however the
hybrid functions are an intrinsic property of the system,
being pertained to the system itself on the contrary with the
preferences functions pertaining to the subject (active
element of the system, person responsible for making
controlling decisions, individual). Thus, we remove from
taking into account a human-being, considering technically

objectively existing optima instead although.

In such conceptual framework the objective functional
is analogous with the one discussed in papers [19], [16],
and dissertation [17, 18]:

k
) = [jl [ E ey il )~ Bl o ook, |+ Ci K D, s +
ol k

PO
4 ko
oy || [hleky by |de -1 |~ n(aaky), 34
to\ kpy
where h(t,kp) is a hybrid optional function distribution
density similar with the preference function distribution
density [19], [16], and [17, 18]; B, Y are internal structural

parameters of the system optimal behavior, likewise for the
active element’s psych [12-22] (endogenous parameter for
the function of the optional effectiveness

ek e,

multiplier for the

S(Lkpl'*‘ckpkgj and uncertain Lagrange

normalizing condition

4[ oy
f Ih(t,kp)dkp dt—1 respectively); AfAk, — degree of

fo\ fpg

accuracy at the hybrid optional function distribution density
entropy (analogous to the subjective entropy of the
preferences) determination.

Here in the functional (34) the first underintegral member
is the entropy of the hybrid optional function distribution

density h(t, kp):

1 kpl
H, =tj [ ek Jin e, ey ke - n(acaky), (3s)

fo\ kpg

conventionally without the logarithm of the degree of
accuracy at the entropy determination AfAky,

Also, here, in functional (34), there applied the sign
“minus” before the internal structural parameter of the
system optimal behavior (likewise endogenous parameter

of the active element’s psych [12-22]) at the value of B >0

since we guess it is a better option having the minimal value
of the system effectiveness function — the sum of the rates
(17) and (18), and which has to be found in case of the two
independent variables although.

*
For obtaining an extremal surface of / (t,kp) in such a

case we will need the Euler-Lagrange equation in the view
of the applicable formula for the functional of (34) in the
case of the two independent variables, [24]:

F 1.k, hle. ey ) a[@F(t,kp,h(t,kp))J_ s [6F(t,kp,h(t,kp))

oleky) acl omleky) oy 1.k,

ok,

J: 0,(36)
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where now F (t ,kp,h(t Ky » — under-integral function of the

functional (34), (f ,kp) and hl'cp (t, ky ) — partial derivatives

of the optional function with respect to the corresponding
independent variables.

Since F(t,kp,h(t,kp» of the functional (34) does not
depend upon ht'(t,kp) and h,'{p (t,kp), then

OF t.ky.hle.ky)) 0ty Ak )

b p b
o} (t.k,)

(e, Fey) =0 =

(el (s, o

ot Ohy tkp akp ah,’cp tky

And the conditions of the Eq. (36) and (37) applied to the
functional (34) yield the necessary condition of the functional
(34) extremum existence in the view of the formula (38):

OF (t.ky.hle.ky ))
olt.ky)

(39)

On the basis of Eq. (38) from the functional (34) we get
the relation (39):

~nfe ke, )-1-Blc,
From Eq. (39) we obtain the expression (40):

ele.ky |+ C ke frr=0. (39

lnh(t,kp)= Y —1—Bng|€(fakp] + Ckpkgla

sleky |+ Ce k7 |- (40)

Heky)=e ™" .

On the basis of the normalizing condition

k t k n
tJ1 Tlh(”kp)dkp dt:l:i j:l ey_l_ﬁ[ ek, ]Jrck" p]al/’c dt =
1o\ kpg to kpg
=el” lj] T [ k]dk dt .
kPO
and
eV = 1 (1)

tJl kj_l e,ﬁ[cs‘g(t,kp]Jerpkg]dk U

fo\ k

Substituting the result of (41) into the expression (40)
we find the canonical distribution of the hybrid optional
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*
function density as the extremal surface of £ (t,kp), that

delivers maximal value to the functional (34) and is in that
sense the optimal controlling surface — the dependence (42):

. p]+Ckpk1;’J
h (t,kp)=[ L@
| el e, p]dk i
to kpo
4 EXPERIMENTS

Calculation experiments illustrate the theoretical
speculations (1)—(42) of the above sections and subsections
of the presented researches.

The numerical simulation has been performed for both
one-dimensional and two-dimensional modeling cases. The
accepted conditions were as follows:

x(t)zf(t)zAx(t)Sinl_mx(t)t+Tx J, Tx =3, Tao =2,
Ax(t):

cox(t): 8- 10_5tcos[coatt +0y, ],

smlco t+T J

ay()=110"rsinlay 1+ a,, ), 0,(0)= o, (¢),

=4.1073,

-2
a =210 o,

=4.1072" dx, =0,

X0

—6
kf:9ak025'10_3anglackp:lo an:2,t0:0a
— 2 - 3 B
n=5-107, kpo =0, kp1 =1-10", B=45.
The obtained results of the mathematical modeling are
shown in Fig. 1.
The hybrid optional function distribution density as the

extremal surface of h*(t,kp), obtained by the formula (42),

depicted as "h" in Fig. 1, is shown in conjunction with the
corresponding surface of the sum of the rates (17) and (18),
in the view of the function of the two independent variables

of t and k p although, represented with the designation of

"Sum" in the view of contour plots for the conveniences.
Also in Fig. 1 the surface indicated as "7z" is shown. It

illustrates the contour lines obtained from Eq. (33) in yellow
color. The contour lines shown are marked for the paces of:

"—1000", "—-500", "0" , "500", "1000" .

The fragment portrayed in Fig. 1 is represented for the
time zone at the abscissa axis () <7 <210 and governor
augmentation coefficient range at the ordinate axis
0<k, <270.

The curve marked “0” (see Fig. 1) obtained as the root

equation k; (t) of the expression (33) should be considered

as the optimal controlling path.
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Figure 1 — Optimal value of the governor augmentation coefficient k P (t ) with respect to the objective effectiveness function

%
Cg|8(t, kp] +Cy Ky and hybrid optional function distribution density /1 (t,kp)

6 DISCUSSION

The concepts described with the formulae of (1)—(42)
yield the optimal value for the governor augmentation
coefficient (see Fig. 1):

* *
k, (t) =argmaxh (t,kp), 43)
which at the same time is
kp(t):argminng|8(t,kpl+Ckpkgl, (44)
that is the maximal value of the hybrid optional function
distribution density h*(t,kp) (42) is ensured with the value

%
of kp(t), as the continuous optional value, which

guarantees the minimal value of the objective effectiveness

ele.ky |+ C ki

function Cg

Besides, the optimal value of the governor augmentation

coefficient k; (t), the root equation of the expression (33),

is found in result of optimization of the objective functional
(19) with taking into consideration the expenses (17) and
(18) related to the error of the controlling actions and increase
of the augmentation coefficient.

Furthermore, the optional hybrid density n (t,kp), given

with the formula (42), itselfin its turn is the optimal argument
that maximizes the synthesized objective functional (34),

n (t, kp)= argmax®y,, 45)

taking into account the uncertainty (that is represented with
the entropy member, the formula (35) in the functional) of

the normalized optional hybrid value h(t ,kp).

All this allows treating the optional hybrid density as
the optimal controlling surface with the relativity of its
magnitude.

The results described with the formulae (43)—(45)
continue and generalize research initiated in works [12-22],
especially [19], [16], as well as [17, 18].

155



VIIPABJIIHHA ¥ TEXHIYHUX CUCTEMAX

Critical comparison of the achieved results with the
analogues [23] shows advantages of the proposed method
as it takes into consideration the cost of the controlling
system accuracy and centers a local optimum whereas
without such assessments there is none.

Moreover, control in conditions of uncertainty in the
given problem setting allows making allowance for the
uncertainty of the hybrid optional functions distribution
densities with respect to the objective effectiveness
functions, which significantly differs from results discussed
in monograph [25].

We should also note that the presented method,
developed on the basis of variational principles [24] in
application to the subjective analysis theory [11-14] actually
dealing with the given sets of both discrete and continuous
alternatives as well as uncertainty entropy measures for the
system of the two independent variables [27], in fact does
not have anything in common with the active system rather
than objectively existing intrinsic properties of the controlled
system.

It definitely has to have development in terms of mass
service systems theory [26] in the direction of the entropy
paradigm research.

CONCLUSIONS

The urgent problem of a mathematical model synthesis
for the augmentation coefficient optimal value of a
proportional governor included into an inertness-less linear
object control system determination is solved.

The method of hybrid optional function distribution
density entropy is firstly proposed. The discovered value
of the hybrid optional function distribution density has a
property of, and allows determining, an optimal value with
respect to the synthesized objective functional concerning
the uncertainty and normalization of such an option.

The practical significance of the obtained results is that
the hybrid optional density delivering the maximal value to
the synthesized functional has its own maximum that
provides minimum in regards with the integrated cost of the
controlling process. That must be taken as the optimal
controlling path.
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I'onuapenko A. B.

JI-p TexH. Hayk, npodecop kadenpu 30epexeHHs JIbOTHOI NPUAATHOCTI aBialiiiHOI TexHikn HarioHanbHOro aBiallifHOTO YHIBEPCHUTETY,
Kwuis, Vkpaina

BU3HAYEHHS ONITUMAJIBHOI TPAEKTOPIi KEPYBAHHS 3A JJONOMOI'OIO PO3MOJLIIB IBEPUIHUAX OMIIA-
HHUX OYHKIIN

AKTyanbHicTb. BupileHo 3aBJjaHHs BU3HAUYEHHs! ONTHMAJbHOIO 3HAUCHHs Koe(illieHTa MiJCUIEHHS IPOIOPLIHHOIO peryasTopa, BKIO-
YEHOTro 10 CHCTeMH KepyBaHHs Oe3iHepLiiHOro siHiifHOro 006’€KkTa, Ha OCHOBI CHHTE30BaHOI MOJEI.

MeTa po0OTH — CTBOPEHHS METOY AJIsl BilllyKaHHs PO3B’A3KY 3a HAsIBHOCTI IIPOOJIEMHOI CUTYAllii OB S13aHOI i3 BU3HAYEHHSIM Ta OL[IHKOIO
ONTUMYMY B CHCTEMi KEpyBaHHSI.

MeToza. 3anpornoHOBaHO IpyOy MOZeNb SBUIIA, Ta CHPOILEHY 3aJIeKHICTh ONTUMAIbHOI TPAEKTOPIl KEpyBaHHs BiJ BAPTOCTI, KEPyBaHHS B
OesiHepuiiiHii NiHIHIA cucTeMi KepyBaHHs OCHAILEHIN NPonopUiiHUM perynsaTopoM. TouHiCTb MOBENIHKHY JOCIIKYBaHOIO JIiHIHHOrO 00’€KTa
KepyBaHHs 00pPAHO y JaHOMY PO3NISJl y SIKOCTI II0YaTKOBOI L(IbOBOI BEIMYMHH, 10 NOTpedye MiHiMi3awLil. 3alpOIOHOBAHO METOJ MOOYI0BU
MoJieNi 3 ypaXyBaHHSIM 3aTPAaTHOIO NPUHLUIY, AKMil 3a0e3redye po3paxyHOK BapTOCTI KOHTPOJILOBAHOTO MPOLECY, 10 N03BONSLE 3HANTU
ONTUMAJIbHE KEPYIoU€e 3HAYEHHs Ha MyJbTH-OILIHHII OCHOBI. 3aCTOCOBAaHO AESIKUIl aHANOT NPUHIMITY MAKCUMYMy Cy0’€KTUBHOI €HTpOIIII i3
Cy0’€KTHBHOIO aHaji3y i3 METOI OTPUMAHHS CIELU(IYHUX ONTUMAIBHUX PO3MOALIB AJs LUIbOBOI BEIUUMHHU B3ATOI y BUIIAMI CKJIAJEHOTO
(yHkuionamy. MeTon ekcTpeMizallii CTyIEHI0 HeBU3HAYEHOCTI OILIii YJOCKOHAJIEHO 3a JOIIOMOI'OI0 BBEJICHHS HENEPEPBHOI ONLIHHOI BENUUHHHY,
110 103BoJIsi€ chOpMyBaTH WILIBHICT po3noaity Tiei Benuuunu. [1oOynoBaHO omNIiiiHy CHHTE30BaHY MOJENb MIPOLECY KEPYBaHH:.

Pe3yabTaTn. Po3pobneHi TeopeTuHi MOel 103BOJIAIOTh OTPUMATH, Ta Oy/IH BIIPOBAIKEHI NpH ii 3HAXOIKEHHI, TIOpUIHY ONLiHHY
IIUIBHICTD Y SKOCTI ONTUMAJIBHOTO PO3B’A3Ky BapialliiiHoi 3a1aui i3 1BOMa HE3aJIeKHUMU 3MIHHUMH, YH€ MAKCHMAJIbHE 3HAUEHHS € LIyKaHOIO
OITUMAJILHOIO TPAEKTOPI€I0 KEPYBAHHS, KA JOCTABIIE MIHIMYM IHTErpaJlbHUM BUTpaTaM MPUTaMaHHUM JAaHOMY IIPOLIECOBI.

BucnoBku. IIpoBeieHO 4ncenbHI €KCIEPHIMEHTH 3 JOCIIIKEHHS 3aIPOIIOHOBAHIX METOMIB y JaHill 3amadi onTuMizanii. ¥ pe3ympTaTi THX
eKCIIEPUMEHTIB BHSBIICHI 3aJI©)KHOCTI € OOIPYHTOBAaHHMH, iXHE 3aCTOCYBaHHS Ha IPAKTHI JO3BOJSE BHKOHYBATH, Ta € PEKOMEHIOBAHHM 3a
HeoOXiHOCTI BU3HAYATH, ONTHMAJIbHE KEPYBAHHS B OIIICAHMX CHCTeMaX. [lepcrieKTHBH NOJaIbIINX AOCTIKEHb MOXYTh IIOJIATAaTH Y CTBOPEHHI
Mojieneii JUst BU3HAUCHHS ONTHUMAJIbHUX TPAEKTOPIiil kepyBaHHA, B yMOBaX sKi Iepen0adaoTh MIBHAKOCTI 3MiH BEJIMYHH, IO PO3IILIIAIOTECA, a
TAKOX y IMOBIPHICHI, CTOXaCTHYHIH, HEJeTepMIHOBaHIi MOCTAHOBIIL.

KuarouoBi cioBa: ribpuana (yHKIis, MyTTH-OMIIHHIHE KepyBaHHS, IIUTBHICTH PO3MOALTY, ONTUMAIbHA TPAEKTOPIs, BapialliiHHUii MpHUH-
LMII, ONTHMAJIbHA KEpYI0ua IIOBEPXHS, SHTPOIS OMUIHHUX BYHKIIH.

Tonuapenko A. B.

JI-p TexH. HayK, npodeccop Kadeapbl COXpaHSHHUS JICTHOW TOAHOCTH aBHAMOHHON TeXHUKKM HalnnoHanmpHOTO aBHAIHOHHOTO YHUBEPCUTE-
ta, Kues, Ykpanna

ONPEJEJEHUE OIITUMAJIbHOM TPAEKTOPUM YIIPABJIEHHUS C IOMOILbIO PACHPEIEJIEHAMA TMBPU/HBIX OI1-
LIUOHHBIX ®YHKIUIA

AKTYyaJbHOCTb. PeiieHa 3amaua onpeeneHus] ONTUMAIBHOTO 3HAYEeHHUs KO3 (GHUIIMEHTa YCUICHHS MPONOPIHOHAIFHOTO PETyIsTopa,
BKJIFOYCHHOTO B CHCTEMY YIIPaBIICHUsI O€3bIHEPIIMOHHOTO JTUHEHHOT0 00BhEKTa, HA OCHOBE CHHTE3UPOBAHHON MOJICIIH.

Lesab padoThI — CO3/1aHKME METO/IA JIJISI OTBICKAHUS PEIICHHSI IPU HAIWYUHU MPOOIEMHOM CHTYaIlUy CBA3aHHOW C ONPE/ICICHUEM U OLICHKOM
ONTHMYyMa B CUCTEME YIIPABJICHUSI.

Mertoa. [Ipemnoxensl Tpydasi MOAEIb SBICHUS, W YIPOIICHHAS 3aBHCHMOCTh ONTHMAJIbHON TPACKTOPHH YIPABJICHHS OT CTOMMOCTH,
yIpaBJeHusi B O€3bIHEPIIMOHHON JIMHEHHON CHCTEME YIpPaBJICHHUsS OCHAIICHHOW IPOMOPIMOHAIBHBIM PEryIsITOpOM. TOUHOCTh TTOBEACHHUS
HCCIIElyeMOro JIMHEWHOTro 00BEKTa yIIpaBIeHHs BHIOpaHa B JAHHOM PACCMOTPEHHH B KAUeCTBE HAYAIBHOM IIEIEBOM BETMYMHBI HYXIAroMIeiics
B MHHUMH3AIHH. [IpeaIoKeH METO/I IIOCTPOCHHST MOZIEIH C YUETOM 3aTPATHOTO MPHHIIKIIA, KOTOPBIH 00eCIeunBaeT pacyeT CTOMMOCTH KOHTPO-
JIMPYEMOTO MPOILecca, YTO MMO3BOISIET HANTH ONTUMATBbHOE YIPABISIOILIECE 3HAUYCHHUE HA MYJIBTH-OMIHOHHONW OCHOBE. [IpHMMEHEH HEKOTOpBIi
aHAJIOT MPUHIIAIIA MAKCUMYyMa CyObEKTUBHOMN SHTPOIHMHU U3 CyOBEKTUBHOTO aHAJIN3a C [EIIBI0 MONTYYCHHS CIeH(PUIHBIX ONTUMAJBHBIX PacIpe-
JIENICHHIA /TS [IeJIEBOM BENUYMHBI B3SATOW B BHJC COCTABICHHOTO (hYHKIMOHANA. METoJ| SKCTPEMH3alliK CTENEHH HEOMPEACICHHOCTH OIIHi
YCOBEPIICHCTBOBAH TOCPEACTBOM BBEICHHUSI HEMPEPHIBHOM OMIIMOHHON BEIMYMHBI, YTO MO3BOIISIET CHOPMHUPOBATH TUIOTHOCTH PACIPEICICHHS
9TOM BennMuuHbL. [10CTpOeHa OMIIMOHHAS CHHTE3UPOBAaHHAS MOJIEIb TIPOIECCa YIPaBIICHHS.

PesyabTaThl. PazpaboraHHbie TEOPETHIECKHIE MOJIEIH O3BOJISIOT MMOJTYyYHTh, U OBUTH BHEAPEHBI IIPU €€ HAXOXKICHUH, THOPUIHYIO OIIIH-
OHHYIO [UIOTHOCTh B KQUECTBE ONTUMAJIBHOTO PEUICHHsS BAPHALMOHHON 3a/1aud C JABYMs HE3aBHCHMBIMHU MEPEMEHHBIMH, Yb€ MAKCHMAIILHOE
3HAUCHUE SIBJISIETCS HCKOMOH ONTHMAIIBHOW TPAEKTOPUEH YIIPaBIICHNUS, TOCTABISIIONICH MUHUMYM HHTETPAIbHBIM PACXOIaM MIPUCYIHM JaHHO-
My TMpPOIECCY.
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BobIBOABI. HpOBCﬂCHLI YHUCJICHHBIC SKCIICPUMEHTHI [10 UCCIIEI0OBAHUIO IIPEIIOKECHHBIX METO0B B JaHHOM 3a7aue onTUMU3anuu. B pe3yibTa-
T€ OTUX SKCIICPUMEHTOB BBISIBJICHHBIC 3aBUCUMOCTH SIBJISIFOTCS 06OCHOBaHHI>IMI/I, UX IIPUMCHCHUE Ha IPAKTHUKE [TIO3BOJISICT BHIIIOJHATD, U SIBJISICTCS
PCKOMEHYEMBIM ITpU HCOGXO,HI/IMOCTI/I OHpeAeIiaTh, OIITUMAJIbHOC YIIPABJICHUEC B OIIMCAaHHBIX CUCTEMAX. HCpCHCKTI/IBBI JNabHEHUIINX UCCTIeI0BA-
HHH MOr'yT 3aKJIO4aTbCsl B CO3JaHUUN Mojenen 1jist orpeaeaeHust ONTUMaJIbHbIX TpaCKTOpI/Iﬁ yhopaBJi€HHUs, B YCIOBUSX ITPpEAYyCMAaTPpUBAIOIIUX
CKOpOCTH M3MEHEHUH paccMaTpuBacMbIX BEIUYHH, a TAKKE B BCpOS[THOCTHOI\/'I, CTOXaCTI/I‘ICCKOI\/'I, HCHCTCpMI/IHI/IpOBaHHOI\/'I IIOCTaHOBKE.
KawoueBble ciioBa: m6pw1Ha$[ (byHKI_II/ISI, MYJIbTU-OIIIUOHHOE yIIPABJICHUE, IIJIOTHOCTbL paclpeCiICHUsI, OIITUMaIbHasl TPACKTOPHUsL, BapU-
AIMOHHBIN IIpUHLUII, OIITUMaJIbHAs yIpaBJIsitoniasi IOBEPXHOCTh, SHTPOIIHUS OIIIIUOHHBIX (byHKI_II/II\/'I
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