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SYNTHESIS METHOD OF THE OPTIMUM STRUCTURE
OF THE PROCEDURE FOR THE CONTROL OF THE TECHNICAL STATUS
OF COMPLEX SYSTEMS AND COMPLEXES

Synthesis method of the optimal structure of the procedure for controlling the technical state of complex sys-
tems and complexes is developed, which allows obtaining the optimal range of control parameters. It allows timely
to detect failures, that is, to increase the reliability of the use of working complex systems and complexes. The prob-
lem of optimal parametric adaptation is considered, that is, determination of the ability of complex systems and
complexes to reconfigure according to the change of operating conditions. The LaGrange method is proposed to

solve this problem.
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Formulation of the problem

In the practice of controlling the technical condi-
tion of complex systems and complexes, there are prob-
lems of ensuring the maximum efficiency of its use dur-
ing operation due to the timely detection of failures,
which achieved by choosing the optimal range of con-
trol parameters [1]. These tasks in a general statement
can be described as follows.

The given operator G(q), which depends on the

vector of control parameters of the technical state of
complex systems and complexes,q= {ql,qz,..., qn},

where n — the number of control parameters. Permissi-
ble values of parameters are imposed by restrictions in
the form of functions

¢i(a)=0, i=Lm, (1

where m — number of restrictions.
Set function of the object, which depends on the
operator of the system G(q) and "vector of the situa-

tion" & ®{g, G(q)}.

It is necessary to determine the vector of parame-
ters q, which satisfies the relation (1) and provides the
extremum (maximum or minimum) of the function ®.

In some simple cases, the operator may be known
in an analytical form, for example, a transient or trans-
ferable system function may be known, depending on

the value of the parameters q i j= 1,_n . In other cases,

the structure of the operator may not be known in the
analytical form and information about the technical state
of a complex system is obtained only by the results of
measurements of its initial reaction.

The results of measurements can be used also in
those cases where the analytical form of the operator of
complex systems and complexes can be calculated but
due to the considerable complexity of the system and
the presence of its significant nonlinearity, such calcula-
tion is labour-intensive.

The vector of the situation & can have both finite
and infinite number of components. In the latter case, its
components may be, for example, the value of the func-
tion of time or frequency.

The goal function may either be deterministic fully
known or represent a mathematical termination by a
possible set of situations. Thus, the function of the pur-
pose (efficiency of the intended use) depends on the
conditions of operation from the nomenclature of the
parameters of the control of the technical state of com-
plex systems and complexes.

Literature route

In the literature on the choice of the nomenclature
of the parameters of the control object are considered
some individual generalized cases [2-7].

1. Control parameters of complex systems and
complexes. The situation vector in this case is either the
output signal of the system as an object of control (with
time methods), or amplitude and phase-frequency char-
acteristics (with frequency methods) [2]. The objective
function depending on the method of processing the
output signal — either the magnitude of the signal of
agreement or when using the Bayesian criteria for
evaluation, the average risk.

2. The identification task. There are various op-
tions for setting up an identification task. For example,
in identifying the initial reaction by the functional of the
goal, there is a discrepancy between the vector of the
initial reaction of complex systems and complexes and
the initial reactions of standard models. Identification is
reduced while minimizing the function of the target by
the set of models.

3. The control task using a controlled object model
is to choose a vector of model parameters that minimize
the function of the target ®@ for example, the magnitude
of the discrepancy between the output signal of the sys-
tem and its model.
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4. The problem of optimal adaptation of complex
systems and complexes in the changing environment
vector &. The situation vector in this case may be those
or other parameters of the transient, amplitude or phase-
frequency characteristics of complex systems and com-
plexes. For example, for a stabilization controller it can
be the magnitude and phase reserves, gain, cut-off fre-
quency etc. The objective function in this case is an
assessment of the quality of adaptation, which charac-
terizes the degree of proximity of the desired (neces-
sary) and actual parameters of the complex system.

The given task is recently relevant in connection
with the need to use systems of stabilization of a perma-
nent structure for the management of objects, different
in their characteristics [3]. It is necessary in the transi-
tion from one structure of a complex system to another
to carry out the minimum necessary reconfiguration (to
make the minimum necessary change of parameters g ).

The purpose of this article is to develop a method
for synthesizing the optimal structure of the procedure
for controlling the technical condition of complex sys-
tems and complexes by solving the problem of optimal
parametric adaptation.

Main part

When solving the task of reconfiguring the struc-
ture of the procedure for controlling the technical condi-
tion of complex systems and complexes, there is a ques-
tion of determining its ability to adapt.

The ability to adapt a complex system will be
higher, the greater the growth of the target function at a
given value of system parameters change. The ability of
the system to adapt will be called lability ("mobility")
(lability — functional mobility. Lability characterizes the
time during which the system (object) restores its charac-
teristics after reconfiguring the constituent elements) [4].

We introduce a quantitative estimate L of the in-
tegrity of the complex system.

Let the parameters of a complex system Aq; have

allowable deviations of the growth Aqj; that satisfy the

conditions of communication (1), then the correspond-
ing increase in the function of the goal is:
AD = db(ql +AqQq,..qj +Aqj, . Ay +Aqn)—
—q)(ql,...,qj,...,qn) ’
Let’s denote 3q; jzl,_n as the relative increment
nominal

of parameters (assigned to values):

dq; =Aq; /qnomj. Fix the "length" of the vector

n
Zquz . For different directions, that is for
j=1

different ratios between components 3q;, the magni-

tude of the increment A® will be different. The ratio

3®/|8q||, where 5® = AD/®

bility of a complex system in this direction that is, at a

nom characterizes the la-

given ratio between the valuesdq;, j:1,_n For some

direction, the value 0@ (for a fixed value ||8q||) will be

maximal. Then, for the evaluation of the lability of the
system, use the value
D
L= lim _8 max (1)
foal>0 [l

The value L has the following physical meaning.

Because ||6q|| is a quantitative measure of the "rebuild-

ing" of the system, then L is the maximum possible rela-
tive increase in the function of the target, which in-
volves the individual reconfiguration of the control pa-
rameters of the complex system The value of L allows
to estimate the potential capacity of a complex system
for adaptation, for example, from several systems
choose the one for which the required degree of adapta-
tion is obtained by minimizing the reconfiguration; or
reject the system for which adaptation is achieved at a
very significant reconfiguration.

Lets note that the L estimate is useful in the alter-
native adaptation task, when requirements are submitted
to the system for the accuracy of its initial characteris-
tics. In this case, the advantage must be given to "hard"
systems, systems with low L lability.

The L value can be determined by the parameters
of the control of a complex system. So, the calculation
of the d® maximum value with additional restrictions

(1) and ||8q|| =const is proposed to be carried out with

the help of the Lagrange method [5]. Let’s sum up the
Lagrange function ¥:

m 1 n )
Y=®-Yho ——pn) dq;, (@)
o1 2 a3

where p — matching factor.
Value 8q; we can find from 0'¥/03q;=0:

1[0 o g
5611':;[__27% (P‘]-

66qj i=1 86qJ
Denote
0o oo - 0; 0Q;
K:qnomjyzaja K:qnomj?:bj‘
q; q; q; q;

The a j i bﬁ values are the coefficients of sensitiv-

ity @ i @; for the control parameters of a complex sys-
tem. At this rate,

1 iU i .
SqJZE[aJ_ZKIb{]]’ J=1,n. (3)
i=l

Values A; are determined by additional conditions

(1). For small (minor) increments we get:
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n . _
Zb}&quo, i=lm. 4)
j=1

We substitute (3) in (4) and obtain a system of

equations for A;:

S, [Xb;bz.‘}:zl:b;aj, i=Tm. )
=

m
k= j=1

When using the reduced vector notation, we will
write:

a= (al,az,...,an); b = (bil, iz,...,bil).
Denote the "scalar product” of vectors X and y

through
o n
(X'Y)= ZXij )
j=1
Then the system of equations (5) takes the form:
m n _ . _ .
> | Db'b :(5~b‘), i=lm. (6)
k=1 =l

The determinant of the resulting system of equa-

tions (6) A:det”(Bin ]‘, k,i =1,_m is a Gram determi-

nant. Its geometric content is the square of the volume of
the m-dimensional parallelepiped constructed on the

b' vectors. Since conditions (1) should be considered as
independent (otherwise, some of the conditions must be

eliminated), then the b' vector is linearly independent.
For linearly independent vectors, the Gram determinant is
positive, derived from its geometric content. Therefore,
the system of equations (6) has a single solution [5].

Lets write (3) in the vector notation:

R G S B D
8G=—|a-Y b |[=—(@-ay), 7
qu(aE ]H(aa) (7

i=1
m —_
ag =y Ab'. ®)
i=1
On the other hand, according to (4) and (6), the
vector 8q, so a-—ag=a

where

p» orthogonal to all vec-

tors b' (ﬁpBi)=0. Thus, vector a, is the orthogonal

p
projection of a vector in the normal to the space of vec-

tors a to the space of vectors b
Denote the angle between the vector a and the

subspace in which the vectors b' are located through 0.

Then the value of vector a,, will be equal to:

p

e /ilapjz ~asin®, ©
J:
a=lil= a7
j=1

where

(10)

The a magnitude according to (10) is the mean
square value of the sensitivity of a complex system to
change its control parameters:

SIS ?
- Z[a&hj

=1

1/2

As follows from (3) and (9), the projection of a
vector 8q equals

8q = ||6?]|| = la sinf.
n

Calculate the A® value. For small (minor) incre-
ments.

n aCD n . _
AD :Jg{qu(aquj: jgiajéqj =(3a-8q9).
Usage (7) allows to get

1 - 1 .
Adbmax—(a~ap):—a2 sin? 0,
v

n
. L. -2 (- = -
where (a-ap):<as+ap,an):ap +(ap-as); (ap~as):0.
So, for the L lability we will finally write down:
Lzmﬂzasine. (1)
8q

Let's notice the physical content of the terms in
(11). The value a takes into account the sensitivity of a
complex system when its parameters are changed with-
out taking into account the conditions (1). The value
sin® takes into account the limitations of the lability of
the system when taking into account the constraints.

The L value can be determined by the components

of the vectors a and b'. Indeed, geometrically L is a

perpendicular from the end of the vector a to the b'
vector’s subspace . Therefore, L is the ratio of volumes
of two parallelepipeds, one of which is constructed on

vectors (‘Bl, 52,..., Bm, 5), and the second one — on vec-
tors (51,132,..., Bm) If we denote the Gram determinant
of the first system of vectors through G(‘B1 ,b2,..,b™, 5)

and the second through G(l;1 s b2 - Bm, 5) then we get

. {g(ﬁl,ﬁ{...,gm,a)}“_

(12)

GfLo%...o")
For example, when there is only one restriction,
there and

b* (ﬂ —a?b? (@] ; Glp)=b>.

(55) a’
Ly l/2 -
then L= az_ﬁé_bi =a 1_£5_bi

b2 a’b?

Glba)-

1/2
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Lets show that the introduction of new restrictions
can only reduce the value of L and calculate the loss in
the lability, which occurs in this case.

Lets consider the value

mo .
Cp=a-Y Ab'.

Vector ém is operational margin in the approxi-
mation of the vector a of the linear combination of
vectors b' . Lets determine quantities A; which provide
a minimum sz. Calculation of the derivative can be

written for one system of equations for A;:

3 b5 )=-5), i=im.
k=1

The resulting system of equations identically coin-
cides with the system (6). After substituting the solution
of system (13) into (12), we obtain a vector a

(13)

p=a-—ag.

Thus, we write the vector a, =a—a, and equal to

it value L we should write down as:

Lets compare now magnitude L, i L,

m . 2 m+l1 . 2
L2 =minfa-Y %b' | 5 L2, =min[a— Y A;b’
i i=1 i i=1

and find the difference:

= .m+l
) ) a, bm+
Ly =L =- . : . (14)
e f

The resulting formula shows that L, .; <L,,, and
determines the difference. This difference can be calcu-

lated through vectors @ and b.
To do this, lets use the formula for the orthogonal
b™"! on the subterror of vectors

b'....5™ | and find (a,Bng)EGA:

b'b! b'b? b'p™ b'd

b'b?)  |b?b? b?b™)  |b%a
b)) B - ) B
Value (Bg”l)z = (B?Hl Bm+1) equals:

(oot =t

projection vector

m

.(15)

m

where G, = Gm+1(51,..., Bm+1)7 is Gram determinant

of vector system {51,..., b+ }

So, we come out with:

| . O =A—2.
m m+1 Gm Gm+1

The resulting ratio allows you to calculate the loss
in lability, which arises when adding new restrictions
and to conduct a preliminary analysis of the influence of
a limitation on the lability of a complex system, that is,
to determine the ways to increase (decrease) the lability.
The answer to the last question is important when de-
signing (constructing) the structure of the procedure for
controlling the technical state of complex systems and
complexes with high requirements for the stability of
the output characteristics.

At the same time formula (16) allows to determine
the loss in lability, provided that some parameters of
control of complex systems and complexes are tightly
fixed, that is, to evaluate the effect of the variation of
each of the parameters on lability. Indeed, the fixation

(16)

of any parameter, for exampleq; reduces to the addi-
tional condition. 8q; = 0. This condition can be written
as a condition of communication:
(5™ 54)=o0,
where b™" =(1,0,0,...,0).
Let's consider as an example the case when there is

one limitation and we will calculate the loss when fixing
the parameter q .

The value A of (15) in this case is equal to:

b’ (5 51 :alB2 —bl(él;);

A=

by a

SO

If we denote a=aj;/a, B=b;/b, B=b;/b,
cosB = (5-5)/(a-b) we will write for the relative loss
amount:

U~ _ (o Beoso)
2, sin?6l-p?)

Lets make a note that the A value can be calculated

from vector a can be found similar to

p and vector ap

vector b ™t
Then the A value (15), taking into account that the
value of the determinant changes when the row is re-
placed by columns, is equal to:
A=G,E,6™").
The expression obtained is simplier for calcula-
tions than formula (15), as determining A®D, .. it is
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D> due to

necessary to determine the vector a
84 =4, /u according to (7). Then we will find the
amount of losses:
= .m+l
12 12 (apb )sz

m~ “m+l T
G

an

m+1

For (5p5‘“+]): (ﬁpl?);n“): (5 B;“”), we obtain the
relation (17) with regard to (14) and write down as:

(5 Bm+1)2
Lm2 _Lm+12 = - ap2 0082 v,
(B m-*—l)z
S

where y — "angle" between vectors aj i Bsm”.

The physical content of the obtained ratio is that
the loss is the greater, the closer the direction deter-

mined by the vector Bsm+1 to the direction of the vector

a — the direction of the gradient of the functional F.
Relative loss at the same time equals:

2 2
L,.“-L
—m_mil _eog? y (18)
L2
m
Summaries

So, the obtained relations (1-18) represent a
method structure of the procedure for controlling the
technical condition of complex systems and complexes
and allow obtaining an optimal range of control parame-
ters for determining the technical state of the system
during operation. The ratio (18) shows a loss in the effi-
ciency of the use of complex systems and complexes
that are synthesized, depending on changes in parame-
ters and operating conditions.
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Peuenzent: 1-p TexH. Hayk mpod. M.A. IlaBmeHko,
XapkiBcbkuii HauioHanbHUE yHiBepcuteT [loBiTpstHux Cun
im. I. Koxxeny6a, Xapkis.

METOA CUHTE3Y ONTUMAIbHOI CTPYKTYPU NPOLEQYPU KOHTPOIIO
TEXHIYHOIO CTAHY CKITAOHUX CUCTEM | KOMITJIEKCIB

C.B. I'epacumos, O.1. Tumouxko, C.1. XmeneBchkuii

Pospobnenuii memoo cunmesy onmumanbHoi cmpykmypu npoyedypu KOHmMpOIO0 MexHiUHO20 CMAHY CKIAOHUX cucmem i
KOMNIEKC8, KUl 00360JI51€ OMPUMaAmuy ONMUMAibHy HOMEeHKIamypy napamempis konmpomo. Lle doseonse ceocuacro usnaya-
mu 8i0MO8U, MoOMOo NiOGUWUMU OOCTOBIPHICING BUKOPUCMAHHA CRPAGHUX CKIAOHUX cucmeM i Komnaexcig. Posenanyma 3adaya
onmuManbHoi napamempuuHoi adanmayii, moomMo GUHAYEHHS CHPOMOICHOCMI CKIAOHUX CUCTEM i KOMNIeKci8 00 nepenacm-
POI0BAHH 3ANeIHCHO 8i0 3MINU YMO8 eKcniyamayii. J[na po3e ‘a3anus nocmasnenoi 3a0ayi 3anpononosanutl memoo Jlazpandica.

Kniouosi cnoea: konmpons mexuiuno2o cmamy, cunmes, a0anmayis, cKAaoui cucmemu i KOMHIEKCU.

METO[ CUHTE3A ONTUMAIILHOW CTPYKTYPbI MPOLIEQYPbLI KOHTPONA
TEXHUYECKOIO COCTOAHUA CNOXHbIX CACTEM U KOMIMJNIEKCOB

C.B. I'epacumos, A.W. Tumouko, C.1. XmeneBckuit

Paspaboman memod cunmesa ONMUMALLHOU CMPYKMYPbL APOYEOYPbl KOHMPOIS MEXHUUECKO20 COCMOSHUSL CILONCHBIX
cucmem u KOMIIEKCO8, KOMOPblil NO360JeN NOLYYUNMb ONMUMALLHYIO HOMEHKIANYPY NAPAMEnpos KOHMpos. Imo no3eonsem
CB0EBDEMEHHO ONpedelsimb OMKA3, MO eCMb NOBbICUMb OOCOBEPHOCHL UCHONb306AHUSL UCHPAGHBIX CLONCHbIX CUCTNEM U KOM-
naexcos. Paccmompena 3a0aua onmumanbrol napamempuieckol adanmayui,, mo ecnib OnpeoeiieHus CROCOGHOCIU CLOJCHbIX
cucmem u KOMNAEKCO8 K NEPeHACMPOUKE 6 3A6UCUMOCHIL ON USMEHEHUs. YCI08UI SKCayamayuu. Jis peuwenus nocmasieHtol
3a0auu npednodicer memod Jlacpanoica.

Knrouesnle cnosa: Konmpoib mexHuuecko2o coCmosHusl, CUHMe3, A0anmayusi, CLOJNCHbIE CUCTNEMbL U KOMNIEKCHL.
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