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The improved method of structural functional-value analysis of a complex system with a
mixed combination of subsystems in an analytical approximation of the value dependences
on the level of functional suitability is proposed. The minimization of the value of a
complex system under the condition it fulfills its functional purpose at a given level is
proposed to be implemented by the method of Lagrange multipliers. The application of
the developed method allows checking the possibility of the monitoring system to perform
its functional tasks with a given level of perfection as well as the identification of the
opportunities for structural and parametric simplification of the system. This method is
adapted for use at different levels of a priori uncertainty of the input data and can be
useful at all stages of a complex system existence: development, operation, and disposal.
In addition, it can be used to study low formalized and informalized complex systems.
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1. Introduction

A complex system is a controlled system which combined machines and groups of people [1]. According
to another definition, it is a controlled system, which is set of interconnected controlled subsystems
that are united by a common purpose [2]. Complex systems are characterized by a large number of
components, internal and external connections and their diversity.

According to the definition [2], the structural feature of a complex system is the presence of several
subsystems. Subsystems and their relationships determine the content of the problem of studying a
complex system. Each subsystem is characterized by parameters and properties.

The input of a complex system receives a number of signals (products) interaction of which in the
subsystems will provide the output signal (product). The proximity of the output signals (products)
of a complex system to a given level indicates the level of efficiency of its operation. The level of
efficiency of a complex system is controlled by parameters and properties of subsystems and their
structural organization.

Another characteristic feature of a complex system is the insufficiency of information for its effective
management. This is determined by the large number of factors influencing the initial product of a
complex system or insufficiency of analytical algorithms for the interaction of parameters and properties
of subsystems. As a result, when modeling complex systems it’s impossible to take into account all
the factors that will affect its operation. Identification of rational approaches in the organization of
complex systems is the subject of research in systems engineering and operations research. The results
of such research are aimed at forecasting the necessary human, material, technological and financial
resources for the rational functioning of a complex system.
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A variant of engineering research is functional-value analysis. Two generalizing factors are consid-
ered in the functional-value analysis. This is the degree of generic indicator of the functional perfection
of a complex system PΣ and the total value of its operation CΣ.

Today functional-value analysis is a common tool for working with complex systems at all stages
of their existence: development, operation and disposal [3–16]. It aims to find a rational structure of
a complex system. With such a structure, the implementation of a given level of functionality of a
complex system will be achieved at a minimal spending.

Several approaches to functional-value analysis have been developed. The semantic approach is
based on statistical generalization of data on the practice of existence of similar complex systems [3,4].
The possibilities of this approach are limited by the general recommendations for the implementation
of parametric control of the efficiency of a complex system.

Approaches based on methods of interval probabilistic efficiency estimates have been diversified [5,
6]. Their branching is determined by the physical heterogeneity of the subsystems of a complex system.
The dependence of properties and parameters on stochastic influencing factors is taken into account [5].
A promising area for improving such methods is the possibility of conducting research in conditions of
uncertainty. The Dempster-Shafer method is involved in [7]. Such methods do not used algorithmic
relationship between the value of a complex system and its functional perfection.

Impossibility of analytical and algorithmic formalization of the functioning of complex systems has
led to the spread of expert methods for their evaluation [8,9]. Such methods allow solving the problems
which can not have the algorithmic description. Also they allow making a description of the operation
of a complex system. But the algorithmic correspondence between the level of functional perfection
and the value of a complex system is not obvious.

The same applies to methods that use neural algorithms. They are adapted to the operation of
powerful computing networks [10, 11]. Even in this case, the relationship between the “parameters-
value” of a complex system is not considered in analytical form.

One of the directions of functional-value analysis of a complex system is the application of approx-
imating dependences of the value of its subsystems on the level of their functional perfection. In this
approach, the rationalization rule will look like this [1]:







PΣ = P [Ci] > Ps,

C =
n
∑

i=1

Ci → min,
(1)

where P [Ci] is the functionality that shows the dependence of the system on the task from the invested
in it; Ps is a set point of functional excellence; Ci are the additives of value of its individual subsystems;
n is the number of subsystems.

Note that the number of subsystems n can be considered not only the subsystems themselves, but
also the connections between them. In addition, the development, operation and disposal of subsystems
can also be considered as separate subsystems of a complex system. If Ψ(n, l) is a function of the value
of l connections between parts of the system and operating values, then according to (1):

C =
n
∑

j=1

Cj +Ψ(n, l) =
n
∑

j=1

Cj +Ψ1(l) + Ψ2(n+ l), (2)

where Ψ1(l) and Ψ2(l + n) are functions of connection values and operating values.
If the combination is considered as separate links and taking into account (2) the value of the

system (1) will be:

CΣ =

l
∑

j=1

Cj +

n
∑

j=1

Cj + a

l+n
∑

j=1

Cj =

l+n
∑

j=1

Cj + a

l+n
∑

j=1

Cj = (1 + a)

l+n
∑

j=1

Cj, (3)

where a is the average proportionality factor.
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Thus, (1)-(3) is a functional-value model of the rational structure of a complex system. Its gener-
alized form is:











PΣ = PΣ{Pj} > Ps,

CΣ = (1 + a)
l+n
∑

j=1

Cj.
(4)

To solve the system (4), it is necessary that the functions PΣ and Cj be analytically given and
fully adequate to the physical, social or other processes that accompany the existence of a complex
system. But the expressions for such equations can not always be obtained due to the ambiguity or
complexity of the formalization of such dependencies. Therefore, the general indicator of the functional
perfection of a complex system is considered to be the probability PΣ of performing the problem. The
generalized criterion of functional perfection of the whole complex system will be determined by the
combination Pj .

If the probabilities Pj are independent, then the first equation of the system (4) by sequentially
performing the components of a complex system of their functional purposes will be:

PΣ =

l+n
∏

j=1

Pj , (5)

where (l + n) is the total number of subsystems.
At parallel connection of functionally equally directed subsystems we have:

PΣ = 1−
l+n
∏

j=1

(1− Pj). (6)

Equations (5) and (6) confirm that the perfection of a complex system depends on the quality of
subsystems and their organization into a complex system.

In addition, the probabilistic estimate Pj of the level of perfection of the subsystem allows proceed-
ing its parametric description. The description of the whole complex system becomes parametric. For
a significant number of subsystems, the dependences for Pj are defined. An example is the equation for
the probability Pj,0 of detecting an object by its static image in complex systems of observation [12]:

Pj,0 = exp

[

−
(

Bḿ

2LR
√
∆D

)2
]

, (7)

where B is the shape factor of the recognition feature with the linear size L and the tonal contrast
∆D between object and background; R is a resolution of the image with denominator of scale ḿ.

In (7) the directions of parametric increase Pj,0 are indicated. Thus, image resolution and tonal
contrast must be increased. To do this, increase the pixel format of image storage, select the modes
and parameters of the receiver according to the contrasting characteristics of the object, background,
conditions of observation. The denominator of the scale ḿ must be reduced, that is choosing a means
of observation with a larger focal length or reduces the distance.

2. Statement of the problem and basic equations

In [13–15], there is proposed a method of structural functional-value modeling of a complex system with
polynomial approximation. The method is based on the assumption of the relationship between value
and functional excellence of a complex system. They are its competing and contradictory properties [1].
When choosing the type of approximation dependence take into account the following restrictions and
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conditions:


























C(P ) > 0,

P1 > P2 → C(P1) > C(P2),

lim
P→0

C(P ) = 0,

lim
P→1

C(P ) = ∞.

(8)

The analytical limitations and conditions given in (8) are a consequence of the expediency and pos-
sibility of physical realization of a complex system. Requirements (8) satisfy exponential, logarithmic
and polynomial dependences of the following types:

Cj(P ) = AjP exp

(

Bj

1− P

)

, (9)

Cj(P ) =
AjP

Bj

ln( 1

P
)
, (10)

Cj(P ) =
AjP

1− P
, (11)

where Aj and Bj are constants that can be selected empirically, statistically or analytically.
When choosing an approximating expression, it is necessary to focus on the intensity of the change

in the value of the subsystem together with the change in the level of its functional perfection. It will
be important not only had a chosen typed of ratio, but also the range of changes in the probability P ,
within which the system is studied. Two constants in relations (9) and (10) allow more accurate
description of real physical dependencies.

The coefficient Aj has a dimension of value. It characterizes the value that the customer can still
pay for the functional purpose of the subsystem. The coefficient Bj characterizes the intensity of
approaching the value of the system the maximum value at Pj → 1. The choice of a specific ratio
depends on the desired accuracy of calculations and the availability of a priori data on analogues. For
example, in the presence of data on the growth of the functional suitability of the subsystem-analogue
on ∆P with increasing its value by ∆C, the coefficient Aj in (11) will be:

A =
∆C(1− P )(1 − P −∆P )

∆P
. (12)

In [13], there are developed general algorithms for structural functional-value modeling of a complex
system with polynomial approximation of the dependence of the value of subsystems. But the features
of this approach were considered only for complex systems with sequential connection of individual
subsystems. In [14], there is given an example of application of algorithms developed in [13]. Article [15]
extends the possibilities of functional-value modeling of a complex system in polynomial approximation
of the dependence of the value of subsystems on the level of functional perfection.

When using the approximations (11) and (12), the functional-value model (4) of the rational struc-
ture of a complex system with a sequential connection of subsystems will take the following form
(excluding operating spending):















PΣ =
m
∏

j=1

Pj > Ps,

CΣ(Pj) =
m
∑

j=1

(
AjPj

1−Pj
) = min

06Pj61
.

(13)

For complex systems with parallel connection of subsystems of the same functional orientation, it
will be: 













PΣ = 1−
m
∏

j=1

(1− Pj) > Ps,

CΣ(Pj) =
m
∑

j=1

(
AjPj

1−Pj
) = min

06Pj61
.

(14)
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However, many complex systems are characterized by mixed, i.e., both parallel and serial, connec-
tions of individual subsystems. Problem of using this method to study such complex systems remain
unresolved. Thus, the purpose of research is to improve the method functional-value analysis of a com-
plex system with a mixed combination of subsystems with analytical approximation of the dependence
of their value on the level of functional excellence.

To achieve the purpose of the study, the following tasks were set:

— to formulate initial data for calculations and structure of equivalent schemes of functional-value
analysis of complex systems with mixed combination of subsystems;

— to find out the application of the developed algorithms of functional-value modeling of a complex
system with a mixed combination of subsystems.

Consider the procedure for solving them. For the successful implementation of the tasks of
functional-value analysis requires functional and structural information about the complex system.
It is contained in the definition of the functional purpose of each subsystem and its structural connec-
tions with other subsystems. Such information will allow building the general structural scheme. In
such a scheme, not all structural connections between individual links exist in a clearly expressed form.
It is necessary to build an equivalent scheme, where these issues are solved by introducing conditionally
existing additional links. The approach to the structure of the equivalent functional-value structural
scheme will be considered on the example of the system shown in Fig. 1.

{Pj}, {Cj}

{PΣ > Ps}, {CΣ = min}

11
1.11

1.12

12

12

1.21

1.2221

21

2.1

2.2

3

11 + 12

12 + 21

Fig. 1. Block scheme of a complex system of two groups of sensors.

According to Fig. 1 there are two groups of primary information sensors. The first group includes
two sensors (subsystems for measuring or retrieving information). The first sensor measures the values
of two parameters: 11 and 12. The second sensor performs a parallel measurement of parameter 12
in order to increase the level of functional perfection of the system to determine this parameter. The
second group also includes two sensors that measure parameter 21.

The output signals from the sensors are fed to two processing links (processing subsystems). The
first link is specialized for processing the output signals according to parameters 11 and 12. The
second link is specialized for processing the output signals according to parameters 12 and 21. Its
input receives signals from both the first group of sensors and from the second. The output signals
from the processing links are fed to the generalization link.

Thus, in the given scheme the parallel measurement of parameter 12 in both sensors of the first
group are provided. Parallel and independent processing of this parameter is carried out in processing
units 1 and 2. This increases the functional perfection of a complex system for measuring parameter
12, as well as processing the measurement results.

The operation of links 1.11, 2.1 and 2.2 simultaneously on two parameters leads to ambiguity
in determining the magnitude that characterize their value and probabilistic properties for each of
the parameters: P11.1, C11.1, P2.1, C2.1, P2.2 and C2.2. To remove such ambiguity it is necessary to

Mathematical Modeling and Computing, Vol. 8, No. 2, pp. 215–227 (2021)



220 Korobchynskyi M., Slonov M., Maryliv O., Lysenko S., Lehominova S., Lytvynska S.

conditionally divide the components of the schemes that are responsible for more than one action
(measurement, processing and generalization) into conditional components (conditional subsystems)
each of which is responsible for only one action. Such a scheme would be equivalent. Each component
has only one input and one output.

In an equivalent circuit the first sensor of the first group is conventionally divided into two indepen-
dent links (sensors). One of them measures the parameter 11, the second is 12. Each of them is described
by the values of perfection P111.1, P112.1 and the value of C111.1, C112.1. Also (C111.1 +C112.1) = C11.1,
P111.1 and P112.1 are estimates of the functional excellence of the first sensor according to parameters
11 and 12, Fig. 2.

{Pj}, {Cj}

PΣ > Ps, CΣ = min

11
11

1.1.11

1.1.21

1.12

12

12

12

1.21

1.2221

21

2.1.1

2.1.2

2.2.1

2.2.2

3

Fig. 2. Equivalent functional-value structural scheme of a complex system of two groups of sensors.

The same operation must be performed on the processing links. Each link is conditionally divided
into two. The first link is divided into links for processing the measurement results of parameters 11
and 12. The second link is divided into links for processing the measurement results 12 and 21.

The results of the transformations presented in Fig. 2, and according to (5, 6, 12, 13), allow pre-
senting a system of equations of value rationalization in the following form:



































P111.1[1− (1− P112.1)(1− P12.1)][1− (1− P11.2)(1 − P12.2)]P21.1

×[1− (1− P21.2)(1− P22.1)]P22.2P3 = Ps,

CΣ =
5
∑

j=1

CDj +
4
∑

j=1

Cok + Cy =
( 2
∑

i=1

C1.1.i + C1.2.1 +
2
∑

j=1

C1.j

)

+
( 2
∑

l=1

C2.1.l +
2
∑

m=1

C2.2.m

)

+ C3 = min .

(15)

Equation (15) can already be used to rationalize the construction of a complex system, which is
shown in Fig. 1. In this case, the specified level of functional excellence Ps behind the entire system
is achieved with minimal value. They do not decrease for individual sensors, processing subsystems
or parts of generalization but they decrease for the whole system under analysis. The solution of
equations of functional-value analysis of a complex system is based on the application of the Lagrange
multiplier method [15,16]. An iterative approach is used for equations above the third order [15].

Substituting in (15) approximating expressions for C(P ) type (11) makes sense only after the con-
struction of equivalent schemes and writing for them the corresponding expressions of rationalization.
The peculiarity of the analysis in this case will be that the different physical content of the func-
tioning of individual parts of the system may lead to the feasibility of using different approximating
dependencies (9), (10) and (11).
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The structure of matrices (tables) can help to carry out the analysis of a complex system. An
example of constructing a table of structural correspondence of the system is given in Table 1. The
table presents data on the links of three levels: sensor links (Psen, Csen), processing links (Pproc, Cproc),
generalization links (Pgen, Cgen). This table will help to avoid confusion after increasing the number
of value and functional excellence in the equivalent scheme.

Table 1. Structural correspondence of system components from two groups of sensors.

Number of links Psen Pproc Pgen Number of links Csen Cproc Cgen

1 P111.1 P21.1 P3 1 C111.1 C21.1 C3

2 P112.1 P21.2 − 2 C111.2 C21.2 −
3 P12.1 P22.1 − 3 C12.1 C22.1 −
4 P11.2 P22.2 − 4 C11.2 C22.2 −
5 P12.2 − − 5 C12.2 − −

For each combination of values {C} and {P} can be compiled their own tables of structural cor-
respondence. A complete list of possible values of such combinations is all possible variants of the
structure of a complex system. The task of analysis is to choose the most value-effective version of its
structure.

Features of the use of functional-value analysis of a complex system with a mixed combination of
subsystems will be considered on the example of a monitoring system, Fig. 3. It ensures timely receipt
of the required amount of reliable information about the monitored object. The task is to determine
the minimum value path in the organization that is the structure of the monitoring system.

Let us specify the question of object Ob and the monitoring system. Assume that determining
the state of an object Ob with a given probability Ps requires timely measurement of four groups of
quantities. These include production indicators X1 (group “quality-volume of production”), indicators
of marketing activities X2 (group “advertising and sales”), indicators of administrative and financial
activities X3 (group “state reporting-financial work with banks and others enterprises”), indicators of
moral and psychological relations X4 (group “leadership–leadership” and “leadership–performers”).

Ob

S

OD

CI

X1

X2

X3

X4

SD

MD

CM

D1

D2

D3

D4

D5

D6

D7

D8

Fig. 3. Monitoring system of object Ob (enterprises, organizations) for four groups of parameters.

To determine the current values of each of the groups involved primary information sensors Di

witch working with sources of information: with open publications and speeches S (D1 is newspapers,
magazines; D2 is advertising, price lists; D3 is conferences, meetings, etc.), official documentation OD

(D4 is reports; D5 is official correspondence), confidential information CI (D6 is rumours; D7 is official
inquiries; D8 is informal activities). Such primary sensors can be trained by specialists who receive
appropriate information from individual sources about the condition of the object.
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Measurement signals from them are sent through communication channels (mail, telephone, elec-
tronic networks, etc.) to the links of information processing and preparation for generalization. Such
links may be the security department SD and the marketing department MD. Conclusions on mate-
rials from the SD and MD departments are carried out by the competitor management CM .

Believe that the functional efficiency of communication channels between individual links (Di sen-
sors, processing links SD, MD and generalization link CM) is credited with adjusting the level of
perfection of the previous link. This enrolment is performed according to the rule of series-connected
elements that is by multiplying the levels of functional perfection of the corresponding link and com-
munication channel.

For the block scheme shown in Fig. 3, the equations of spending rationalization can?t be written.
This is due to the structural uncertainty of the sensor D6 regarding the efficiency of displaying the
parameters X2 and X3, as well as the uncertainty of the functional perfection of the information
processing units SD and MD separately for parameters X1, X2, X3 and X4. Thus, there is a need
to build an equivalent block scheme. It is shown in Fig. 4 To perform numerical calculations will set
the state of the monitoring system, Table 2. Such prior information is required. It is formalized by the
involvement of experts and analysis of similar systems.

S

OD

CI

X1

X2

X3

X4

SD3

SD4

MD1

MD2

MD3

MD4

CM

D1

D2

D3

D4

D5

D6.2

D6.3

D7

D8

Fig. 4. Equivalent scheme of the object monitoring system for four groups of parameters.

The results are summarized in Table 2. The corresponding graphs show the probabilities of the
task Pj (levels of perfection) of each link, as well as the values of the approximation coefficients Aj

for calculations with functions (11). Data from Table 2 take into account the possibility of different
efficiency of the links with information from different sources. The number of the link in both cases
corresponds to its ordinal value in Fig. 4 if we count the links from top to bottom for their functional
purpose.

Data on specific numerical values of Psen,j, Pproc,k and Pgen are calculated by (7), based on the
functional affiliation of the link. Another way to determine them is the statistical processing of the
results of the performance their functions by such a link. This is equations and statistical processing
data determine the needful and ways to parametrically improve the perfection of each link.

Numerical values for the coefficients Asen,j, Aproc,k and Agen (conventional units) are obtained by
expert appointment, experimentally or by the algorithm of pair wise comparison (priority detection).
The adjacency matrix [8] in pair wise comparison will be formed horizontally and vertically from the
results of expert comparison Aik and Aki:

Aik =











10, Aik = Aki,

15, Aik > Aki

5, Aik < Aki.

→ Ai =

k=4
∑

k=1

Aik, (16)
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Table 2. Structural correspondence of the equivalent scheme of the monitoring system.

Number of links Psen,j Pproc,k Pgen Number of links Asen,j Aproc,k Agen

1 0.85 0.75 0.99 1 10 30 50

2 0.80 0.80 − 2 10 25 −
3 0.70 0.80 − 3 20 25 −
4 0.75 0.75 − 4 20 25 −
5 0.70 0.90 − 5 20 40 −
6 0.65 0.70 − 6 25 40 −
7 0.80 − − 7 25 − −
8 0.75 − − 8 30 − −
9 0.60 − − 9 30 − −

This equations and statistical processing data determine the degree of necessity and ways of para-
metric improvement of the functional perfection of each link. Functional-value analysis aims to address
three issues. The first is to test the ability of the monitoring system to perform its functional tasks
with a given level of excellence. The second issue is to identify the possibility of structural and para-
metric simplification of the system. The third issue is to find out the cheapest option for structural or
parametric adjustment of the system in order to increase its functional perfection.

Consider the approach to solving the first part of the problem. In this case, the set level of
perfection of the monitoring system PΣ will be considered not less than 0.85. The monitoring system
will effectively functioning if are reached the required levels of probabilities of control (PXi, i = 1, 2, 3, 4)
over the values of all four groups of parameters Xi. They take into account the efficiency of the primary
sensors of information, its processing units and the corresponding communication channels. Also it is
necessary to take into account the probability PX5 = Pgen, which characterizes the perfection of the
generalization of the CM and is given in Table 2 as source data. Therefore, the condition for successful
operation of the system will be:

PΣ =

5
∏

i=1

PXi > 0.85. (17)

The values of individual probabilities PXi can be calculated using an equivalent block scheme
(Fig. 4) and the rules of generalization when working with serial-parallel connections in block scheme.
This takes into account the existing functional tasks assigned to each link and the entire list of existing
connections.

The corresponding probabilities will be:














































PX1 =
(

1−
2
∏

j=1

(1− Psen,j)
)

PMD1,

PX2 =
(

1− ∏

j=3,4,6

(1− Psen,j)
)

PMD2,

PX3 =
(

1−
∏

j=5,6

(1− Psen,j)
)(

1−
∏

k=SD3,MD3

(1− Pk)
)

,

PX4 =
(

1− ∏

j=7,8

(1− Psen,j)
)(

1− ∏

k=SD4,MD4

(1− Pk)
)

.

(18)

The use of (18) will test the ability of the monitoring system to perform its functional tasks.

3. Results and discussion

The results of calculations by (18) are given in Table 3 and Fig. 5. Analysis of calculations shows that
condition (17) is not fulfilled. Current structure of the monitoring system (Fig. 3) can not perform the
task with the required perfection level of 0.85.

Mathematical Modeling and Computing, Vol. 8, No. 2, pp. 215–227 (2021)



224 Korobchynskyi M., Slonov M., Maryliv O., Lysenko S., Lehominova S., Lytvynska S.

Data from Table 3 allow drawing preliminary conclusions. First, it is possible to analyse the current

Table 3. Probabilities of determining all
measurement groups.

PX1 PX2 PX3 PX4 PX5 P
∑

0.77 0.72 0.91 0.84 0.99 0.42

quality of the components of the system that analysed by
characteristics PXi. It is clear that the value of the prob-
abilities PXi is not more than 1. Therefore, the condition
of exceeding PΣ of a given level can be only if the given
level Ps exceeds each of the probabilities PXi:

PXi > Ps = 0.85, i = 1, 5. (19)

So, condition (17) is satisfied only by the values PX3 and PX5. Second, it is possible to choose
a strategy to improve the system. For example, it is most necessary to increase the values of the
probabilities PX1 and PX2. It is needful to choose the path of value-effective increase of probability:
parametric improvement of separate links or introduction of additional parallel connected links. Also
it is useful to preliminary calculation of the probabilities PXi and their verification with (19).

It is possible to approximate probability value PXi,op. Assuming that the value of functional
improvement according to the criteria PXi is approximately the same for all five links, the following
statement will be:

PX1 = PX2 = . . . = PXi = . . . = PXn, i = 1, n. (20)

The value of PXi,op will be:

PXi,op =
n
√

Ps ≈ PXi. (21)

0

40

20

60

80

100

%

PX1 PX2 PX3 PX4 PX5 PΣ

Fig. 5. Distribution of levels of individual groups.

For the system under consideration PXi,op =
5
√
Ps = 5

√
0.85 = 0.96 ≈ PXi. Analysis shows

that all four probabilities PXi are subject to in-
crease, but probabilities PX1, PX2 and PX4 are
subject to unconditional increase.

In addition, each series-connected subsys-
tem of a complex system not only increases the
value in advance, but also reduces its functional
perfection. As a result, the more subsystems
connected in series in a complex system, the
higher the requirements for the level of perfec-
tion of them.

The second part of the task is to test the
possibility of structural simplification of the sys-

tem, which will reduce its value. In this case, such a possibility will be absent, because the analysis
showed insufficient efficiency of the existing system. This requires its further complication. It conclu-
sion will be correct if the functional necessity of each of the series-connected subsystems is confirmed.

It remains to consider the features of the third part of the task. Its content is in the proposal of the
cheapest and value-effective option of restructuring the system which will ensure condition (17). That
is, it is necessary to determine both structural and parametric areas of improvement of the monitoring
system. The initial information for the analysis will be the functional affiliation of the system, the
specified level of its functional perfection and the data of Table 2. Value indicators at this stage of
paper are not considered.

There are three alternative ways to achieve this aim. The first of them is to provide a rational
distribution of requirements for the levels of functional excellence of individual units without structural
changes in a complex system. In this case, it is necessary to look for ways to parametrically improve each
individual link in order to achieve a rationally defined level of functional perfection. The distribution
of the required levels of functional perfection of all individual units is determined in the process of
value rationalization in solving systems by (15) and (17).
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The second approach is based only on structural adjustments of a complex system without interfer-
ing without changes in the efficiency of individual units. Its implementation involves the introduction
of additional links (sensors, processing links and communication channels) in the block diagram of the
system.

A third direction combines the two previous directions. It involves to minimalist (rationalize) of
the system due to the most effective changes in the internal structure of the links and improvement
the system. This direction can be called structural-parametric.

To solve the problem due to the rational distribution of requirements for the levels of functional
perfection of individual units must be used (15). The structure of the monitoring system will not
change. The levels of functional excellence must be further confirmed by changing the values of the
parameters of the subsystems.

Thus, this is a value-parametric optimization or rationalization (depending on the accuracy of
research) of the monitoring system. The content of such adjustment is in the corresponding change
of parameters of separate subsystems due to internal qualitative and quantitative changes within each
subsystem. Structural-parametric rationalization is more flexible in achieving the end result.

4. Conclusions

The method of functional-value modeling of a complex system with a mixed combination of its sub-
systems is improved. It allows parametric control of the functional perfection of a complex system
under the condition of its minimum value. This method is adapted for use at different levels of a priori
uncertainty of the original data and can be used at all stages of the existence of a complex system:
development, operation and disposal. It is useful for the study of weakly formalized and informalized
complex systems, that is allows quality analysis of a complex system to be translated into quantitative.

The initial data for calculations by the advanced method consist of determining the functional pur-
pose of each subsystem, its structural connections with other subsystems and structure of equivalent
schemes. The introduction of analytical approximation allows the improvement of a complex system
under the condition of the minimum value. The developed order of structural functional-value calcu-
lations of a complex system with mixed combination of subsystems allowed obtaining equations of its
value rationalization. The solution of such system is based on the method of Lagrange multipliers and
involvement of an iterative approach in solving equations above the third order.

The analysis of the peculiarities of the use of functional-value analysis of a complex system with
a mixed combination of subsystems has been done. It allowed checking the possibility of the system
monitoring its functional tasks with a given level of perfection. Also it identifies opportunities for
structural and parametric simplification of the system and finds out the cheapest option of structural
and parametric restructuring of the system. This allows you to predict the value behaviour of a complex
system with a mixed combination of subsystems under the condition of performing functional tasks.

The application of the advanced method contributes to the solution of direct and inverse problems of
rationalization of the structure of complex systems with a mixed combination of subsystems. It allows
determining the required number of sensor subsystems and information processing from them, which
satisfies a given level of system excellence and has a minimum value. In addition, it allows choosing
the structure of the system in relation to the configuration of sensors and processing subsystems. This
satisfies a given level of perfection (quality) and has a minimum value.
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Метод функцiонально-вартiсного моделювання складних систем
зi змiшаним сполученням пiдсистем
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Запропонований удосконалений метод функцiонально-вартiсного аналiзу складної
системи зi змiшаним сполученням пiдсистем при аналiтичнiй апроксимацiї залеж-
ностi їх вартостi вiд рiвня функцiональної досконалостi. Мiнiмiзацiю вартостi склад-
ної системи за умовою виконання нею свого функцiонального призначення на зада-
ному рiвнi запропоновано проводити методом множникiв Лагранжа. Застосування
розробленого методу дозволяє перевiрити можливiсть виконання системою монiто-
рингу своїх функцiональних завдань iз заданим рiвнем досконалостi. Даний метод
адаптований до застосування для рiзних рiвнiв апрiорної невизначеностi вихiдних
даних та може бути корисним на всiх етапах iснування складної системи: розробки,
експлуатацiї та утилiзацiї. Крiм того, вiн може бути використаним для дослiдження
слабоформалiзованих та неформалiзованих складних систем.

Ключовi слова: складнi системи, досконалiсть складної системи, апроксимуючi

функцiї.
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