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METHOD OF ACCURACY INCREASE IN RADIO CONTROL SYSTEMS
WITH ORTHOGONAL FREQUENCY MULTIPLEXISING AT THE
CONSIDERATION OF THE TIMER SIGNAL CONSTRUCTIONS USE

The issue of improving the efficiency of radiocommunication systems and radiocommunication complexes in a complex
radio-electronic environment is a prime scientific problem, which attracts attention of a large number of leading scientists.
In this article, the author carried out research aimed at increasing the structural secrecy in radio-frequency communication
systems with orthogonal frequency multiplexing using timer signal constructions, due to the development of a method of
increasing the secrecy in radio-frequency systems with orthogonal frequency muxification due to the use of timer signal
structures. In the course of the research carried out by the author, the basic provisions of the theory of communication, the
theory of impedance protection, the theory of complex technical systems, the theory of antagonistic systems, the theory of
noise immunity coding, the theory of chaotic processes, the theory of orthogonal systems, the theory of radio frequency
planning and the theory of timer signal structures. The difference in the proposed methodology from the known, which
determines its novelty are: the use of timer signal structures, in contrast to the traditional position signaling structures, it
can increase the structural secrecy of signals with orthogonal frequency multiplexing; the use of expanding sequences of
different types and with different autocorrelation properties allows for the operational adaptation of parameters of systems
and radio communication equipment with orthogonal frequency multiplexing to the effect of destabilizing factors aimed at
disclosing the properties of systems and radio communication equipment for electronic intelligence; application of the
mechanisms of frequency adaptation to the effect of intentional obstacles allows you to determine the areas of the
frequency range struck by them and conduct the intellectual planning of using the radio frequency resources by radio
communication systems with orthogonal frequency multiplexing.
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Introduction

The issue of improving the efficiency of
radiocommunication systems and radiocommunication
complexes in a complex radio-electronic environment is
a prime scientific problem, which attracts the attention
of a large number of leading scientists. The increase of
the efficiency of radio communication systems and
complexes takes place in the following directions [1]:

- increase of energy efficiency of systems and radio
communication facilities;

- increase of frequency effectiveness of systems
and devices of radio communication;

- simultaneous increase of frequency and energy
efficiency of systems and radio communication
facilities.

Orthogonal  Frequency Division Multiplexing
(OFDM) technology is widely used in telecommunication
systems [1-5]. The analysis of the known scientific
achievements in the mentioned subject field prove that
OFDM technology allows to use the bandwidth of multi-
channel radio communication channels as efficiently as
possible [4], however the given transfer technology has a
number of shortcomings [1-6]:

- high peak factor;

- nonlinear distortions in the radio path of radio
communication;

- synchronization errors
connection;

-is subjected to harmful effects of deliberate
disturbances;

while establishing a

- the absence of mechanisms for the protection of
radiocommunication devices (RCD) from intelligence,
revealing information about their state and status;

- high vulnerability to attacks such as "denial of
service";

- high probability of interception of traffic by
devices of electronic intelligence;

- vulnerability of synchronization channels.

One of the ways that can improve the efficiency of
OFDM radio communication systems is to increase their
stealthy use of timer signal constructions (TSC).

Taking into account the aforementioned, the
purpose of the article is to develop a method of
increasing the secrecy in radio communication systems
with orthogonal frequency multiplexing OFDM due to
the use of timer signals TSC.

Presentation of the main material

Tasks of wunauthorized access (UAA) to
information is to detect a signal, determine the structure
of the detected signal and disclosure of information
contained in the signal.

For the prevention of UAA information, signals
must have, including, such a property as secrecy.

The indicated tasks of the UAA, respectively, are
opposed to three types of secrecy of signals: energy,
structural and informational.

Energy secrecy characterizes the ability to
withstand measures aimed at detecting a signal by
devices of unauthorized access. It is known [1-6] that
one of the ways to increase energy secrecy is to increase
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the width of the spectrum of signals used, achieved by
the use of noise-like signals (NLS) and chaotic signals
in confidential information transmission systems.

Structural secrecy characterizes the ability to
withstand UAA measures aimed at disclosing the
structure of the signal, provided that the signal is
already detected. This means recognizing the shape of
the signal and measuring its parameters, that is,
identifying the detected signal with one of the set of
known transmitted symbols. Obviously, in order to
increase structural secrecy, it is necessary to have a
larger ensemble of signals used with variable-time
parameters.

Information secrecy is determined by the ability of
the system to withstand measures aimed at disclosing
the content of a message transmitted using signals
[8, 10]. Disclosure of the information contained in the
message means its reproduction in comparison with the
message that was transmitted.

The essence of the method under study is to select
the values of the OFDM-signal parameters, which are
optimal for the criterion for maximum structural stealth
at a given bandwidth of the RCD.

Setting the objectives.

Given: P, is the signal strength, L is the length of
the expansion sequence; T, is the time interval of the
formation of timer signal constructions, n is the
number of elementary parcels, N is the number of
subcarriers, AF is the channel bandwidth. The values
AF, T, are constant.

1t is necessary: to determine the value of the signal
parameters (the number of active subcarriers, the type
and parameters of the TSK, expansion parameters,
transmitter power), which minimizes the probability of a
bit error P, in the execution of restrictions on the rate of

transmission in the channel v; > v; ;..

Limit: The number of subcarriers of OFDM signal
4<N<128.

The task of determining the parameters of the
OFDM signal with a minimum probability of a bit error
is reduced to a typical optimization problem. The
system of equations for solving the optimization
problem has the form [5-7]:

P, = F(v;,AF,M,n,R,d,P,,N,07,L)—> min;
v, = F,(M,R,N,,AF,0%)> v,

1per»>

where P, is the signal strength, M is the dimension of
the ensemble of signals, R is the speed of the correction
code (R=k/n), k is the number of information bits in
the code combination with length n, d is the code
distance, L is the duration of the expansion sequence; N
is the number of subcarriers, AF is bandwidth of the
channel. The values AF, T, are constant.

The method of selecting the parameters of the
OFDM signal, the algorithm of which is presented in
fig. 1, consists of the following steps [7, 8].

Input of input data. The parameters of the
transmitter and the communication channel ¥ = {y;}
are entered, as well as the value of the minimum
required transmission speed.

Selection of operating frequencies based on the
RES strategy. Based on the algorithm developed in [5]
for the selection of working frequencies for military
radio communications under conditions of deliberate
interference, the choice of operating frequencies with a
minimum probability of a bit error occurs. The indicated
algorithm is based on the representation of the process
of radio-electronic confrontation in the form of two
antagonistic systems [5]. In this case, the decision
making on the management is taken taking into account
the analysis of the electronic environment and the
criterion for minimizing the probability of a bit error. To
implement this algorithm, the use of the coefficient of
working frequencies use by each of the antagonistic
systems (the coefficient of overlapping with subcarrier
noise) was chosen [5].

The main stages of the implementation of the
algorithm:

1. Determination of the type and characteristics of
intentional obstacles.

2. Check the value of the overlap factor.

3. Formation of the matrix of the game of radio-
electronic conflict.

4. Formalization
programming.

5. Check the optimal control of the choice of
operating frequencies.

Determine the number of subcarriers and the
distance between them, as well as the duration of the
symbol. The distance between subcarriers of the OFDM
signal is chosen depending on the following parameters:
Doppler spectrum scattering; minimum delay time of
beams (reverb copies of the signal); the maximum
possible symbol duration (the coherence time of the
channel parameters).

Due to Doppler dispersion, as well as errors in the
evaluation of the frequency of the transmitter on the
receiving side, the orthogonality between the subcarriers
is violated. In a number of papers, studies have been
conducted on the equivalent loss in the required signal /
noise ratio for a given Doppler dissipation, as well as
the error of estimating the carrier at the reception [4-9].
For short-wave (SW) and ultra short-wave (USW)
channels, the equivalent loss in signal / noise of no more
than 0.5 dB Doppler scattering should not exceed 2-3%
of the distance between subcarriers. A frequency shift of
7-8% of the distance between subcarriers results in an
equivalent signal-to-noise reduction of 1 dB. After
determining the minimum distance between subcarriers,
you can calculate the length of the 7. = 1/AF character.

The minimum delay time between the rays
determines the degree of unevenness of the amplitude-
frequency characteristic (AFC) of the channel. Hence, a
greater delay between rays corresponds to a larger
period of uneven frequency response. At a maximum
delay of 4 ms between rays, the period of unevenness of
the AFC is 250 Hz. Thus, the distance between
subcarriers should be chosen in the assumption that the
frequency response on each of them will be a channel
with an additive white Gaussian noise (AWGN).
Accordingly, the distance between the subcarriers
should be considerably less than in the period of uneven

of the problem of linear
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frequency response of the channel. That is, from this
point of view, the distance between subcarriers needs to
be minimized. For the SW channel, the distance of 50
Hz is the maximum allowable, since larger values of the
distance between the carriers lead to a significant

distortion of the channel parameters, resulting in a
distortion of the symbol [6, 7]. Another limitation on the
length of a character is the assumption that the channel
parameters must be constant over the length of the
character.

START
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Fig. 1. Scheme of the algorithm for selecting signal parameters of radio communication with OFDM
depending on the condition of the communication channel
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This makes it possible to use a simple method for
evaluating and compensating the AFC of the channel in
the frequency domain on each symbol. The length limit
for a character in the SW range can be taken as an order
of hundreds of milliseconds.

Determination of the number of subcarriers N
should be based on the information (and technical)
speed of the group signal, taking into account the need
to reserve part of the bandwidth of the channel for a
variety of official information. In this case, N is selected
from a number of values provided by the operation of
the inverse Fast Fourier Transform (FFT). According to
[6], the calculation of the required number of FFT
points is carried out according to the formula

K=T.fy4,
and the sampling frequency f; is defined as
Jqa > 2AF .

Next, you can determine the frequency range
between the subcarriers and the number of N = AF/Af

subcarriers.

To eliminate the harmful effects of intersymbol
interference into a signal structure, a cyclic prefix was
introduced. The size of the prefix T b was selected

based on the values of the two parameters: the
maximum possible time shift between the rays; the
required ratio between the duration of the character
without the prefix and the prefix itself (in the case
where the prefix is used to find the clock
synchronization). For the SW channel, the maximum
multipath level is about 5 m/sec (maximum value for
one-two-bit passage of the radio signal). For data
transmission at short distances multipath is slightly
smaller and is 1-2 m/sec. The value of the cyclic prefix
is within range of

tp <T, <0,25T; .

Assessment of the transmission characteristics of
the communication channel. At this stage, the use of the
methods presented in [4, 5, 7, 9], the state of the multi-
channel communication channel was evaluated and its
transfer characteristic was determined. Thus, we can
draw the following conclusions:

1.In the presence of sufficiently well-known
information about transmitted information symbols, the
best results for the criterion of the ratio of accuracy of
estimation and complexity of implementation is
demonstrated by the algorithm of linear estimation with
a minimum of mean-square deviation.

2.In the absence of sufficiently well-known
information about the transmitted symbols, the best-
fitting unmatched version of the estimate for the
minimum of the smallest squares is preferred.

3.In order to increase the accuracy of the
evaluation of the transmission characteristics of the
channels in the conditions of a complex electronic
environment it is expedient to use iterative principles.

Adaptive  distribution of signal power in
subchannels. At this stage, according to the results of

the evaluation of the transfer characteristics of the
channel, the assignment of the sequence numbers to
each subchannel in the order of reduction of the
signal/noise ratios is carried out (worse subchannels
have larger sequence numbers):

2 2 2
O =2052..20y.

After this, the worst-case ratio is subtracted from
the signal/noise ratio subwoofer. Disconnecting
subcarriers with low signal/noise ratio reduces the
harmful effects of frequency selective fading on
bandwidth and allows you to redistribute the transmitter
power among other subcarriers.

Choose the type and duration of the expansion
sequence. To combat deliberate interference (especially
imitation) spectrum expansion is used with the help of
technology of expanding code sequences, the main
principles of which is the expansion of the spectrum in
combination with the code division of physical channels
through the use of pseudorandom sequences (PRS). The
indicated  principle of controlling intentional
interference is also implemented in the MC-CDMA
(Multi-Carrier Code Division Multiple Access) method.

The key feature of MC-CDMA systems is that all
chips that are mapped to the same bit of code are
transmitted in parallel in the narrowband subchannels,
using OFDM.

In the MC-CDMA technology, each bit of the
signal stream is displayed on all subcarriers, and each
subcarrier uses its phase-to-time phase shift, which is
selected according to the law-defined encoding.

In the mentioned method, the code sequence is
selected separately for each subcarrier, from the set of
expanding sequences shown in Fig. 1

Different types of expansion sequences are used to
expand the spectrum in OFDM systems: binary (Walsh
sequences, Shapiro-Rudin sequences, Barker codes,
Gold codes, M-sequences, Hadamard sequences) and
multiphase (Frank and Zadov-Chu sequences, Milevsky
sequences, Goley sequences) [10].

A comparative analysis of these sequences has
shown that in OFDM systems, the smallest peak factor
is provided by ideal, many-phase sequences of Frank,
Zadov-Chu, Milevsky (P< 2 (3 dB)) [10,11]. The
binary sequences of Shapiro-Rudin provide P < 4 (6
dB). The disadvantage of the above-mentioned ideal
sequences is that the volume of their alphabet increases
with the growth of the number of subcarriers.

Also, in [5, 7] four-phase Li sequences with one
zero are considered, ideal 8-phase single-zero hinges
and ideal 8-phase sequences with two zeros. These
sequences also show P < 2.

Broad application in broadband systems has found
so-called M-sequences. As a rule, binary M-sequences are

used, the symbols of which a(k) and d (k) accept values
a(k) 1and0, d(k), respectively -1 and 1 [5-7, 9].

Gold Codes have high value for autocorrelation
function and low correlation value. These properties
provide the ability to wuse these codes for the
implementation of multiple access with code division [5].
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Gold Codes with a 2/~ period were formed on the
basis of two M sequences with the selection of so-called
"gear pairs", which have three-digit autocorrelation of

the (1,¢(t),¢(t),2) function, where

2(L+1)/2, where L dual value;
B )={ (£+1) @

2(L+2)/2, where L odd value.

Gold codes were formed by adding in modulus 2
each character of two m-sequences. They are divided
into three types: primary, secondary orthogonal Gold
codes (256 bits long) and long code.

Gold's orthogonal Codes were formed on the basis
of the M-sequence of 255 bits in length and the addition
of one excess symbol. The primary sync code has an
aperiodic auto-correlation function and was used to
initialize the synchronization. The secondary sync code
is an unmodulated Gold code, which was transmitted
with the primary sync code. Each secondary sync code
was selected from 17 different Gold codes [9].

Selection the parameters of the timer signal
constructions.

The basic element in the formation of timer signal
constructions is A=1¢,/S [10]. Unlike the traditional

positional signal-code structures, when the bit rate is
determined by the energy of the elementary parcel
(Nyquist element), the information in the TSK was laid out
in the sequence of individual time intervals ‘7 with the
duration of each 1. =t, + kA, where ¢, is the interval of

the elementary Nyquist element, k£ =0,1,...,S(n-2) and

their mutual placement on the code sequence 7. interval.
Changing the n,S,i parameters makes it possible
at the output of the TSK encoder to receive different
sets of signal constructions, each of which may vary in
duration depending on the values 7, the number of
base elements A and the number of transitions i, that
is, the structure of the signal. The frequency change of
the parameters of the TSK encoder is chosen such that
the amount of intercepted by the radioelectronic
intelligence station of the implementation of a signal
of a definite form with given parameters was not
sufficient to reveal the structure of the signal over a
period of time during which the indicated signal is of

interest to the radioelectronic intelligence station. After
selecting the signal parameters from the OFDM, the
condition of the constraint on the transmission rate in the
channel was checked. If this condition is not fulfilled, the
initial data starts changing.

The evaluation of the effectiveness of the proposed
methodology was carried out in the programming
environment MathCad 14.

The estimation of the computational complexity of
the implementation of the developed method showed that
for the given output data and while using the ADSP-
21261processor, the formation of a signal with optimal
parameter values can be carried out in real time with the
delay required for the transmission of information about
these values through the service feedback channel .

Conclusion from the article

In the mentioned article the method of increasing
the secrecy in radio communication systems with
orthogonal frequency multiplexing was developed due
to the use of timer signal constructions.

The essence of the proposed method is to increase
the structural secrecy of signals with orthogonal
frequency multiplexing.

The difference between the proposed methodology
from the known, which determines its novelty are:

-the use of timer signal constructions unlike
traditional positional signals, that allows to increase the
structural secrecy of signals with orthogonal frequency
multiplexing;

- the use of expanding sequences of different types
and with different actor-correlation properties makes it
possible to carry out operative adaptation of parameters
of radio-communication systems with orthogonal
frequency multiplexing under the influence of
destabilizing factors;

- the use of frequency adaptation mechanisms to
the effect of deliberate interferences that allows to
determine areas of the frequency range that were
affected by them and to conduct intellectual planning of
the radio frequency resource use.

The further research will be directed to the
development of methodological bases for increasing the
efficiency of the systems and radio communication
complexes with timer signal constructions use.
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Meroanka migBHIEHHS CKPUTHOCTI B CHCTEMaXxX Pajfio3B’ 3Ky 3 OPTOrOHAJIBLHMM YaCTOTHAM MYJIbTHILICKCYBAHHAM
32 paXyHOK BUKOPHCTAHHS TaiiMePHHUX CHIHAJIBHHUX KOHCTPYKIi

B. B. l'opaiiiuyk

[MuranHs migBUIIEHHST e()EeKTHBHOCTI CHCTEM 1 KOMIUIEKCIB palio3B’s3Ky B CKJIQJIHIM paJioeNeKTpOHHIH 0O0CTaHOBII €
CIIOKOHBIYHOIO HAYKOBOIO NpPOOJIEMOIO, 10 SIKOI MPHMKyTa yBara BEJIMKOI KiJbKOCTI NpPOBIIHMX BUCHHUX. B 3a3HaueHiil crarri
aBTOPOM IIPOBEJICHO IOCII/DKEHHs, 110 CHPSIMOBAHE Ha IiJBUIICHHS CTPYKTYPHOI CKPUTHOCTI B CHCTEMax pajio3B’s3Ky 3
OPTOrOHAJIBHUM YaCTOTHUM MYJIBTHIUIEKCYBAaHHSAM 3 BUKOPHUCTaHHAM TallMEPHUX CUTHAJIBHUX KOHCTPYKLIH, 3aBISKH PO3POOKU
METOAMKH IiJABUIIEHHS CKPUTHOCTI B CHCTEMaX PajJio3B’s3Ky 3 OPTOrOHAJIBHUM YaCTOTHUM MYJbTHIUICKCYBAHHSAM 33 PaXyHOK
BUKOPHUCTaHHS TaWMEPHMX CHTHAJIBHMX KOHCTPYKLiH. B Xoni mpoBeneHOro aBTOpOM JOCHIKEHHS BHUKOPHCTaHI 0a30Bi
TIOJIOXKEHHS Teopii 3B’s3Ky, Teopii 3aBaJl03aXUILEHOCTI, Teopil CKIaJHUX TEXHIYHUX CHCTEM, TeOopil aHTarOHiCTHYHUX CHCTEM,
Teopii 3aBaJlOCTIMKOrO KOIyBaHHSA, TEOpii XAaOTHMYHHUX IIPOLECIB, TEOpii OPTOrOHaJbHMM CHUCTEM, TEOpil pPajiouacTOTHOro
IUIAHYBAHHS Ta Teopil TaiMEPHHUX CUTHAIBHUX KOHCTPYKUiN. BiAMIHHICTIO 3a1IpOIIOHOBAHOI METOAMK Bifl BIZIOMHX, 11I0 BU3HAYA€E
il HOBU3HY IOJIAra€ B HACTYTHOMY: BHUKOPHCTAaHHS TalMEPHHMX CHUTHAJIBHMX KOHCTPYKIIH Ha BiIMiHy BiJ TpaJuIiiHHX
MO3UIIHHUX CHUTHAIBHUX KOHCTPYKLiH 103BOJISE MiABUIIUTH CTPYKTYPHY CKPUTHICTH CHUTHANIB 3 OPTOIOHAJIBHUM YacTOTHUM
MYJbTHIUICKCYBAHHSAM; BHUKOPHCTAHHS PO3LIMPIOBAIBHUX IOCHIZIOBHOCTEH DI3ZHOrO THIy 1 3 PI3HMMM aBTOKOpENALiHHUMHU
BJIACTHUBOCTSIMU JIO3BOJISIE IIPOBOJMTH OIEPATHUBHY aJalTallil0 MapaMerpiB CHUCTEeM i 3aco0iB paJio3B'i3Ky 3 OpPTOrOHAJIbHUM
YaCTOTHUM MYJIbTHIUICKCYBAHHSAM JI0 BIUIMBY J€CTa0lIi3yI0UMX YMHHUKIB, CIIPSMOBAaHUX HA PO3KPUTTS BIACTHUBOCTEH CHCTEM i
3aco0iB pa/io3B'3Ky Ul 3acCO0iB PajiOSNIEKTPOHHOI PO3BIAKH; 3aCTOCYBAHHS MEXaHI3MIB YacTOTHOI ajamnTamii 0 BIUIUBY
HABMHCHHUX MEPEIIKOJ J03BOJIAE BM3HAUMTH JUISHKM YaCTOTHOIO Jialla30Hy, BPaXKCHI HUMH 1 IPOBECTH I1HTENEKTyaJlbHHI
IUIAaHYBAHHSA BHUKOPUCTAHHS PaJiodacTOTHOIO PECypcy CHCTeMaMM 1 3aco0aMH pajio3Bsi3Ky 3 OPTOrOHAIBHUM YacCTOTHUM
MYJbTHIUICKCYBAHHSM.

KirouoBi ciioBa: cucremu pazio3s’si3Ky, palioeleKTpOHHE IOJABIEHHS, PaJiopecypc, CUIHAJIbHO-KOIO0BI KOHCTPYKLIi,
3aBaJI03aXUILEHICTh OPTOrOHAJIBHE YaCTOTHE MYJIbTHINIEKCYBAHHS, TAKMEPHI CUTHAJIBbHI KOHCTPYKIIIT .

MeToanka NOBBIIEHHUS CKPBITHOCTH B CHCTEMAaX PaJHOCBSI3H C OPTOrOHAJILHBIM YaCTOTHBIM MYJILTHILIEKCHPOBAHHEM
3a CYeT MCNO0JIb30BAHMS TaliMEPHBIX CHTHAJILHBIX KOHCTPYKIHIi

B. B. I'opaeiiuyk

Bomnpoce! nosbienus 3¢p(EeKTHBHOCTH CUCTEM U KOMIUIEKCOB PaJMOCBS3H B CIIOXKHOI paJO3IEKTPOHHOH 0OCTaHOBKE
SBJISICTCS MCKOHHOH HaydHOH IpoOJeMOH, K KOTOpPOH INPUKOBAHO BHUMaHME OONBLIOrO KOJMYECTBA ydeHbIX. B yka3aHHOI
CTaThe aBTOPOM IPOBEJIEHO UCCIIE0BAHNE, HAMTPABIEHHOE HA MOBBIIIEHAE CTPYKTYPHOIH CKPBITHOCTH B CHCTEMaX PaJHOCBSI3H C
OPTOrOHAJBHBIM YaCTOTHBIM MYJIBTHUIUIEKCUPOBAHHEM C MCIIONb30BAaHUEM TalMEPHBIX CHIHAJBHBIX KOHCTPYKLMH, Oiaromaps
pa3paboTKe  METOAMKM  MOBBIMIEHHA  CKPHITHOCTM B CHCTEMaxX  pPajloCBs3M C  OPTOTOHAJIBHBIM  YaCTOTHBIM
MYJIBTHIUIEKCHPOBAHHEM 33 CYET MCIOIb30BAaHMS TalMEPHBIX CUTHAJIBHBIX KOHCTPYKIMH. B Xone mpoBeneHHOro aBTOpPOM
HCCIIEIOBaHNs HCIOIb30BaHbl OCHOBHBIE ITOJNIOKEHHS TEOPHH CBSI3H, TEOPHH IOMEXO3ALIMIIEHHOCTH, TEOPHH CIIOXKHBIX
TEXHUYECKHX CHCTEM, TEOPUH AHTATOHHCTHYECKHX CHUCTEM, TEOPUH MOMEXOYCTOMYMBOrO KOIMPOBAHUS, TEOPUH XAOTHYECKHX
MIPOLECCOB, TEOPHUH OPTOrOHAIBHBIM CHCTEM, TEOPHH PaJHUOYaCTOTHOIO IUIAHMPOBAHMSA M TEOPUH TaWMEPHBIX CHUTHAJBHBIX
KOHCTpyKIMH. OTav4mMeM INpejiaraeéMold METOAMKM OT H3BECTHBIX, OIPENENACT €€ HOBHM3HY 3aKJIIOYaeTCs B CIEAYIOLIEM:
HCITOIb30BaHNE TaMEPHBIX CHTHAJIBHBIX KOHCTPYKIMI B OTJIMYKE OT TPAJHLUOHHBIX MO3UIIMOHHBIX CHTHAIBHBIX KOHCTDYKIHHA
MO3BOJSAET TMOBBICHTh CTPYKTYPHYIO CKPBITHOCTH CHIHAJIOB C OPTOrOHANBHBIM YaCTOTHBIM MYJIbTHUITIEKCHPOBAHUEM;
HCITOb30BaHNs PACHIMPUTENBHBIX II0CIEI0BATEIBHOCTEH PA3HOrO THNA M C Pa3HBIMH aBTOKOPPEISALMOHHOW CBOWHCTBaMH
MO3BOJIAET MPOBOJHUTH ONEPATHBHYIO aJANTalMI0 MapaMETPOB CHCTEM M CPEICTB PAJHOCBSI3H C OPTOrOHAIBHBIM YaCTOTHBIM
MYJIbTHIUICKCHPOBAHMEM K BO3JCHCTBHIO AECTAOMIM3HUPYIOMIMX (DAKTOPOB, HAIPABICHHBIX HA BCKPBITHE CBOKMCTB CHCTEM M
CPE/CTB PAIMOCBA3M JUIl CPEACTB PaJMONIEKTPOHHOM pa3BEIKH; INPUMEHEHHE MEXAHU3MOB 4YaCTOTHOM ajanTaluH K
BO3JICHCTBHIO NPETHAMEPEHHBIX MOMEX IO3BOJSIET OMPEAEIUTh YJACTKH YaCTOTHOrO JWANAa30Ha, MOPaXKEHbl UMH U IPOBECTH
MHTEJUIEKTYaIbHOE IJIAaHMPOBAHWE HCIIONB30BAHMSA PaJMOYacTOTHOIO pecypca CHUCTEMAMU M CPEINCTBAMM DPaJUOCBI3H C
OPTOrOHAJBHBIM YaCTOTHBIM MYJIBTUINIEKCUPOBAHHUEM.

Kniouesnbie caoBa: cHCTEMBI DPaJUOCBA3H, PaJMODJIEKTPOHHOE IOIABIEHHME, PaAHOPECYPC, CHIHAIBHO-KOIOBBIE
KOHCTPYKIIMH, IIOMEXO3AIIUIIEHHOCTh  OPTOrOHAIBHOE YaCTOTHOE  MYNBTHIUIEKCHPOBAHWE, TaiiMEpHbIE CHTHAJIbHBIE
KOHCTPYKIIUH.
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