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Annomauus. Paspabomka u nocmpoenue mamemamuieckux mooeneu cucmem OUCKPEmHbIX
CUCHAN08, OA3UPYIOWUXCSL HA  UHOPOPMAYUOHHOM 3A0AHUU CUSHANLHBIX — NOCIe008AMENbHOCTEL,
mpebo6anuil K HUM U NOCMPOEHUU ONepamopHblX CeMelicms, OmKpvléaem OONOIHUMENbHbIE
BO3MONCHOCIU 8 peuwieHuu psoa 3a0ay, MmMpYOHOPeaiu3yemvlx Oas Memo0o08 MOOeNUpOBaHuUs,
paspabomaunvix panee. B cmamve npeonodicer nooxoo K HOCMPOEHUIO MAMeMAmuyecKou Mooenu
ONMUMATLHOU CUSHATILHOU NOCI006AMENbHOCIU, OCHOBAHHbIY HA NOIMANHOM CUHME3e, YUUMbleaouiem
cneyuguky noCmpoeHuss NPOCMPancmea YRpasieHull U MamemMamu4ecko20 pecyapu3amopd, a maxice
CMPYKMYpy ONnepamopos KOHMpOAsi U 6ulOopa mepmuHanvho2o ynpaenenus. Obocnosanvl U
chopmynuposansl uwiecms 5manos NOCMpPOeHUs MamemMamuiecKol Mooenu, KOmopas Moxdcem 1exicams 6
OCHO6€ aneopumma npyu CUHmMe3e ONMUMATbHBIX CUSHATbHBIX NOCIe006AMEIbHOCHE.
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Abstract. The development and construction of mathematical models of discrete signal systems
based on the information specification of signal sequences, requirements for them and the construction of
operator families opens up additional opportunities for solving a number of problems that are difficult to
implement for modeling methods developed earlier. The article proposes an approach to constructing a
mathematical model of the optimal signal sequence, based on a step-by-step synthesis, taking into
account the specifics of constructing the control space and mathematical regularizer, as well as the
structure of control operators and the choice of terminal control. Substantiated and formulated six stages
of constructing a mathematical model that can underlie the algorithm in the synthesis of optimal signal
sequences.
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Introduction. An analysis of a number of works [2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13]
shows that the use of complex broadband signals makes it possible to increase the noise
immunity of a communication system. However, the use of these signals is focused on the
presence of channels with an excess of frequency resources, which is only possible for channels
with large frequency capacity, and noise-resistant coding is accompanied by a significant
reduction in the information transmission rate, which is unacceptable in conditions of
transmitting large amounts of data.

Materials and research methods. The works [12, 14, 15, 16, 17, 18] laid the theoretical
foundations for optimizing information systems and proved the possibility of creating
synchronous systems with noise immunity and information transfer rates approaching the
maximum possible, based on the use of optimal signal sequences. In this case, the structure of
the signals and methods of their synthesis are not considered, since the problem is solved only
for a channel with additive white Gaussian noise without taking into account restrictions on the
spectrum width and peak factor of the signal sequence, subject to ideal synchronization. In turn,
real radio channels differ very significantly from the channels considered in the above sources,
both in the limited potential capabilities of the frequency and dynamic ranges, and in the
interference environment, characterized by the presence of additional powerful narrow-band,
concentrated, pulsed and multiplicative interference of natural and intentional origin.

Taking these factors into account places a number of very significant requirements on the
characteristics of signals, the implementation of which can be ensured by an appropriate choice
of their structure.

The purpose of the article is to substantiate and develop an approach to constructing a
mathematical model of the optimal signal sequence, taking into account the specifics of
constructing the control space and mathematical regularizer, as well as the structure of control
and terminal control operators.

Research results and their discussion. Conceptual approach to constructing a
mathematical model of the optimal signal sequence. Using general approaches to mathematical
modeling of signal structures, any signal sequence can be described by a set of functions [18]:

S =(5,(1):5, (1):.5, (1)),
where S, (t)eL[0;t]forn=1,2, ..., and {§} =S is a linear space.

During modeling, it is advisable to use only functions with finite energy on a finite
interval as signals:

.
[s2(t)dt<oo.
0

If the transmission and processing of signals is carried out using linear algorithms, then
the functions used to describe such signals must be linearly independent, that is, when
developing a mathematical model, it is enough to limit ourselves to enumerating possible space
bases L2 [0 .T].

To assess the effectiveness of signal sequences, it is necessary to analyze the space of
characteristics Y:[V], the spectral and correlation characteristics of the simulated signals can be
used as components of this space.

Given a limited number of signal characteristics, we can define Y as an arithmetic space
whose dimension is limited by the number of characteristics used.

Comparing S and Y it can be argued that by assigning a control operator to each system

S a supersystem can be assigned Y [18]:
C:S->Y.
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If Yo it represents a set of characteristics that satisfy a number of requirements for signal
sequences, then, taking into account the requirements for the transmission system, Y, :{YO} it

forms a subset of the space Y that satisfies the given requirements [19].
If the characteristics are within the specified limits, then Y o will be a parallelepiped:

Y,={¥|a <Y, <b}. 4)
Given the optimal requirements Y, and permissible deviation, Y o will be a ball:
Yo ={V |V -Yo| <e}. (5)
Also, Y ¢ can be a finite set consisting of individual points:
YO:{Vl;VZ;...;Vn}. (6)
By choosing S, such that [19]
C (§O) =Y,, (7)

the description of the simulated signal sequence that satisfies the requirements is exhausted.
Considering that the task of constructing a mathematical model involves solving the
operator equation [19]:

C(S)=Y:YeY,, (8)
then it can be considered as an optimal design problem. In this case, it is necessary to introduce
the concepts of a task for a project and a project, defining them as carriers of information at the

points Y eYand S eS.
The project assignment will be a set of individual requirements { for vector
characteristics Y [19]:
3(Y)={¢}. 9)
In general, a project assignment may include unequal requirements [19], which can be
ordered by a preference relationship. The task obtained in this way is not an intersection of
requirements, but can be reduced to this when equivalent requirements are presented.
If the project assignment is presented as a system of nested requirements, ordered by
preference by importance, then it becomes possible to eliminate the empty set.
A project should be understood as a set of information z about the signal sequence model
S [18]:
1(S) = {x}. (10)

Thus, the task of constructing a mathematical model of a signal sequence that satisfies a
set of requirements can be formulated as follows:

given: S,Y,C:S >, 3(\7):{;};

find: H(§):{;r}.

In the general case, the main stages of constructing a mathematical model of a signal
sequence that satisfies specified requirements can be formulated as follows:

1. Construction of model space. At this stage, issues of constructing a mathematical
model that adequately reflects the optimal signal sequence based on the principle of micro- and
macro-complexity are considered.

2. Construction of the space of characteristics. At this stage, the requirements for
optimal signal sequences for the initial data are formulated and the corresponding characteristics
are selected, on the basis of which the space of characteristics Y is constructed.

3. Construction of the control operator. This stage includes the construction of an
operator that evaluates the characteristics of the analyzed signal sequences in the process of
solving the problem of constructing a mathematical model of the optimal signal sequence. The
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control operator assigns each coordinate an S element of the space of characteristics Y. This
follows from the fact that

{0;..;8,(t); ..} eS. (12)
When evaluating a simulated signal sequence, it must be taken into account that the construction
of a control operator is associated with a large number of calculations, since during the
evaluation process it is necessary to select extreme values of the corresponding characteristics
for the coordinates of signal points.

4. Defining a regularizer for the control operator. At this stage, the problem of
constructing a regularizer R and a control space U is solved. Selecting a compact set in S that
limits the spread of models of ensembles of signals with equivalent characteristics is the main
role of the regularizer.

5. Constructing a terminal control selection operator. This stage includes establishing
and deducing the dependence of the control space element on the characteristics of the signals

S=S(Y;Yy.5Y,). (12)
After which a set U y is determined such that
CR(U,) €<, (13)
6. Building project information. At this stage, using a regularizer for the established

model parameters (selected elements of the control space), a mathematical model of the optimal
signal sequence that meets the specified requirements is developed:

T, :R(Uk). (14)
The construction of {7, } = H(§) the problem of developing a mathematical model of the

optimal signal sequence is completed.

Conclusion. Thus, the basis for constructing a mathematical model of the optimal signal
sequence will be the six stages formulated above, while the specifics of the control space and the
mathematical regularizer, as well as the structure of control operators and selection of terminal
control, must be taken into account. The proposed approach makes it possible to develop systems
of discrete signals that meet the requirements for them, as well as to simplify the implementation
of the algorithm for their synthesis by formalizing each stage.
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