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METHOD OF WIRELESS TRANSMISSION OF DIGITAL INFORMATION
ON THE BASIS OF ULTRA-WIDE SIGNALS

Abstract. The subject of the study are the organization of wireless transmission of digital information based on ultra-
wideband signals. The goal is the development of models and methods for organizing broadband wireless communications
operating in difficult interference environments. The task is to ensure the stable and safe operation of communication
systems. The methodology is based on the method of generating ultra-wideband digital signals and the method of
extracting ultra-wideband information signals in the communication channel with interference. The methods used:
methods of analytical, simulation and inverse Fourier transform. The following results are obtained. A technique has
been developed for wireless transmission of digital information based on ultra-wideband signals, which includes a method
for generating ultra-wideband information signals with code spectral modulation and a method for extracting information
signals in a communication channel with interference. An assessment of the effect of interference on the quality of the
information being restored is performed. A special class of intra-system interference has been identified, which appears due
to the multiplicity of delays in the information bit stream 7 or 7. It is shown that their appearance leads to an increase in
the bit error when extracting information signals in the communication channel. A mechanism is proposed for eliminating
these errors by setting the multiple delays 7 and 7; when generating ultra-wideband information signals. Conclusions. The
use of communication channels with an ultra-wide frequency band makes it possible to simultaneously implement a set of
requirements for the electromagnetic compatibility of telecommunication systems, high-speed transmission of information
with high noise immunity with respect to external interference.
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Introduction

The rapid development of communication devices
and their widespread practical application in private life
for “smart homes” and at work (Industry Internet of
Things - IIoT) in the implementation of the concept of
“spatial intelligence” [1-3] requires the organization of
communication between devices by introducing
wireless digital information transfer . However, mobile
wireless networks today are faced with two trends that
will become in conflict with each other. The growth of
the processing power of mobile terminals entails the
growth of the processing capacity of applications
running on them. This, in turn, leads to an increase in
bandwidth requirements for mobile communication
channels. It should be noted that the volume of mobile
traffic is growing exponentially, and its appearance is
becoming more diverse.

At the same time, the efficiency of the available
frequency spectrum is close to saturation. The maximum
bandwidth that can be achieved is approaching
(within = 20%) to the border with Shannon. And further
improvements are likely to be too expensive to
implement and provide only limited benefits.

In order to cope with such a significant increase in
traffic, modern telecommunication systems must
provide the possibility of noise immunity of
transmitting digital information in a wireless network at
a speed of 1-2 Mbps, the probability of error per bit of
information is at least 10~ and low radiation power in
the frequency band up to 10 GHz. The 10 GHz
frequency band is due to the fact that less attenuation of
the radio signal that propagates in free space is observed
in this frequency range [4, p.34].

An analysis of existing technological solutions [5]
shows that they do not have the possibility of

simultaneously implementing a set of modern
requirements for high data transfer rates, the
requirements of electromagnetic compatibility of

telecommunication systems and their noise immunity
with respect to external noise and interference, as well
as countering the multipath propagation of radio signals.
Therefore, the development of models and methods for
organizing ultra-wideband (UWB) wireless
communications, corresponding to a complex of modern
requirements, is an extremely urgent problem.

1. Analysis of technical solutions

An analysis of existing and promising technical
solutions in the field of organizing UWB wireless
communications, conducted in 2002 by the US Federal
Communications Commission [5], proved that the main
place to use UWB signals is wireless personal area
networks (WPAN), which have a low cost equipment
and low power consumption. The Commission also
proposed a frequency range (3.1 ... 10.6 GHz) and a
power spectral mask for unlicensed UWB
communication systems (-41.3 dBm / MHz) [5].

Previously, ultrashort pulses (frequency band of
7.5 GHz, pulse length of 150 nsec.) were used as an
information carrier to increase the speed of information
transfer when implementing UWB communication.

In addition, each pulse corresponds to one bit of
information, which makes signal processing at the
receiver very simple. Use of this technology is included
in the IEEE 802.15.3a standard. However, due to
limitations on the amplitude, the distance for transmission
does not exceed 10 m., which is a significant limitation
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for its use. To eliminate this limitation and increase the
communication range, the signal level should be
increased to 3 V, which contradicts the tendency to
reduce the supply voltage and power consumption. Even
more problems arise if it is necessary to ensure a
transmission range of more than 50-60 m.

The solution to this problem is the transition from
the transmission of one bit by one pulse to the
transmission of one bit of information by a series of
pulses [6]. In this case, while maintaining the radiation
energy by one bit, it is possible to reduce the energy that
falls on one pulse proportional to the number of pulses
in a series. This means moving from signals with a
single base to signals with a large base. Moreover, the
basis of an ultrashort pulse signal is the product of the
signal duration by the width of its spectrum.

The use of a sequence of ultrashort pulses for
encoding an information bit is proposed in the IEEE
802.15.4a standard. However, in this case, the radiation
signal in the framework of the implementation of this
standard impose certain restrictions:

1. The maximum spectral density of UWB signals
is limited to -41.3 dBm/MHz. Therefore, even when
using the entire permitted range, the integrated radiation
power should not exceed - 2.4 dBm.

2. Limit peak power. It should not exceed 0 dBm
in the 50 MHz band. Thus, for the frequency band of
500 MHz, we have limitations of 20 dBm, and for the
band of 2 GHz - 32 dBm.

3. Typically, the supply voltage of UWB
communication systems in unlicensed systems does not
exceed 2 V. Therefore, the voltage to the antennas will
not exceed 1 V. Thus, when the antenna is matched to
50 Ohms, the peak power should be limited to 10 mW.

2. Methods of wireless transmission of digital
information on the basis of UWB signals

Information is transmitted in radio systems with
UWB spectrum by simultaneously emitting a coherent
reference signal and a modulated information signal. In
this case, the frequency range for communication
systems is selected based on the requirements for the
frequency resource for the unlicensed use of UWB
signals with a low power of isotropic radiation, does not
exceed the established limit [5].

2.1 Method for the formation of UWB
information signals with code spectral modulation

An ultrawideband signal is formed in the form of a
normal random process n(f) with a zero mean value, a
uniform spectrum S(¢) a frequency band Af and a short-

range correlation R, (t)=ocyR,(t) for a short

coherence time 1, =I1/Af The variance ci
characterizes the average power of a random signal
n(t).

The functional diagram that implements the
proposed method is shown in Fig. 1.
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Fig. 1. Functional diagram of the formation of ultra-wideband information signals

The generator (G) in self-oscillating mode
generates a sequence of ultrashort pulses - chips with a
period of arrival ¢, which is fed to the input of a digital

bandass filter (DF), which generates a signal n(¢). From
the output of the DF, the ultra-wideband signal n(¢) goes
to the input of the modulator, in which the division into
information and reference signals is carried out. The
transmission rate of information binary bits Cp depends
on the duration Tp of each information bit Cy=1/Tp .

The number of chips on the duration of each
information bit determines the following ratio
Np=Tg/ty .

It was noted that all implementations of a random
signal in a stream of information bits are mutually
orthogonal.

The modulator has two delay lines. The reference
sequence of chips of the information signal is delayed in

the first line at the time 7; upon receipt of the symbol
«1», or in another delay line at the time 7, upon receipt
of the symbol «0». Switching delay lines from T; to 7 is
performed respectively by the stream of binary bits «1»
or «0» from the information source. The channel
switching process is shown in Fig. 1.

Moreover, we believe that the transmission

coefficients Hj g = hy g -exp(i@l’o) and the delay Tj

of both lines are independent of the frequency f in the
UWB band Af of the signal n(f) so that the following
conditions are met:

hy=hy=1;08;=067=0. (1

In the linear adder, the reference signal n(f) is
added to one of the UWB chips of the signals delayed
by the time 7, or T, depending on the arrival of the
characters «1» or «O».

34



ISSN 2522-9052

CyudacHi inpopmaniiiai cuctemu. 2019. T. 3, Ne 4

Zl’o(t)=n(l‘)+n(f—7—i’0), (2)
where Z(¢) — total signal; n(f) — UWB reference

signal;
while 7; .

”(f—Tl,o) — information chip, delayed for a

The power spectrum of the total UWB signal
Z1o(t) is calculated over a duration time T of one

information symbol modulated by a periodic function in
the form:

S, (f)=2§n (f)~(l+cos(2nfT1’0)), 3)

where S (f) and Sy (/) are random estimates of the
power spectrum for the total Z (t) and reference n(¢)

UWB signals for a finite analysis time 7y .

Compilation of completely incoherent signals
occurs when delays 7, and T; of information signals

n(t—T;) and n(t—Ty) relative to the reference signal
n(t) significantly exceed the coherence time

~1/Af
UWRB signal n(?):
Tio>> 1. or To(Af)>>1. 4)
In the case of interference of completely

incoherent UWB signals, when conditions (4) are
satisfied, the spectral density (3) is modulated by a
harmonious function depending on the frequency f with
a periodicity scale equal to

8- fro(t)=1Tip .

Power spectra calculated over a finite time 73,
equal to the length of the information bit are random
functions. The frequency band of UWB signals is Af,
and the coherence time is on the order of

~1/Af .
The power of the total UWB signal Zj(¢)

determines its dispersion cg and is equal to twice the
power

2 2
c; =20,

of the initial signal n(f) under conditions of complete
incoherence of the reference and delayed UWB signals
[7, 8]. The total signal from the transmitter output enters
the communication channel with additive Gaussian
white noise.

We assume that the transmission coefficient of the
communication channel does not depend on the
frequency and is equal to unity in the band Af of the
UWRB signal n(¢).

2.2 Method for extracting information UWB
signals in a communication channel with interference

The received signal in the form of an additive
mixture of the total signal and the Gaussian noise is fed
to the input of the DF with the same passband Af, as in
the transmitter (Fig. 2).

r(t)=z,0(t)+S(t)

Correlator

DF

\ J
w
>
/

fm——————

Comparator

Fig. 2. Functional diagram of the receiver
with UWB signal processing

At the output of the DF filter, a signal is generated
in the form of the sum of the transmitted UWB signal

Z1(t) and the Gaussian noise spectrum S(z) matched
by the spectrum.

r(t)=Z(t)+ ()

=( f—Tlo) +8(t

The interference S(¢) has a dispersion c? with a

)

fast-falling correlation

R, (t) =03R, (1)

and the uniform spectrum S| (t) in the same frequency

band Af, as for the information signal Z;(¢). The

signal-to-noise ratio (SNR) at the receiver input
determines the ratio of the received signal power and
Gaussian interference in the form

g=02/ci =20} /0] .

We assume that the useful signal is Z;o(z) and

random interference S(¢) is completely incoherent with
each other.

Then the power spectrum for the received signal
r(f) s defined as:

(/)=
-2S, (f)-(l+cos(2nﬂ"l’0))+§s (f)-

Spectrum (6) has the function of periodically
modulated in frequency according to the bit stream and

(6)

component S (f) in the form of an interference
spectrum. In formula (6), the spectra S, (f), Sy (f)

and Sy (f) for the received signal #(f), reference signal

n(t) and interference S(f) are random estimates for a
finite time duration T, information transfer bit.

The solution to the problem of removing UWB
information signals in a communication channel with
interference is carried out by the inverse Fourier
transform of the measured power spectrum (6) for the
received signal (5) [9].

The receiver coherently compresses the received
UWB signals (5) into the frequency band of the
transmitted messages according to the results of double
spectral analysis.
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The expected correlation R, (t) is calculated from
the inverse Fourier transform of the measured power
spectrum S, (©), @=2nf the received signal (7).

R (1)=[" S, (0)e™ do. (7)

The complex autocorrelation function calculated
by formula (7) using relation (6) for the power spectrum
of the received signal (5) has the following form:

Rr(7)=

~ ~ A ®)
= | 2Ra (1) + Ru (1= Tig ) |+ 07 R (2).

The complex autocorrelation function of the
received signal has an information correlation peak

ci Ru (I—TLO) with offset T, or T, according to the
binary bit stream (1; 0). also has autocorrelation

functions 267 Ra (1) and o2 Rs (1) for the reference

UWRB signal n(f) with double power 2 ci and external
2

interference S(f) with power o .

The correlator in the receiver (Fig. 2) has a digital
AS spectrum analyzer and a digital Fourier processor -
BZPF.

At the output of the digital spectrum analyzer,
during Ty of each transmitted bit, the power spectrum
of the received UWB signal is determined in the form
(6). The digital Fourier processor performs fast
inverse Fourier transform for an array of digital
reviews, which are formed at the output of the AS
spectrum analyzer.

Based on the results of double spectral
processing during the appearance of each bit of
information, the quadrature components for the
complex autocorrelation function (8) are determined
in the form:

Rrycos (1) =2 j(;” S,(f)cos(2nf)df; (9, a)

Rrsin()=2[ S,(N)sin(2nf)df.  (9,b)

The module for the complex autocorrelation
function is calculated as the mean square value of the
real and imaginary parts in the form:

2
kr (T)‘ = |:kf’cas (T)+}éf,sin (T):| . (10)

The quadrature components Ry .cos (t) and
kr,sin (t) of the complex autocorrelation function

R, (t) are determined by the fast inverse Fourier
transform using the basic functions cos(wt) and

sin(wt) from T; or T, the power spectrum (6) for the

received signal [10].

The comparator at the output of the digital Fourier
processor (Fig. 2) compares the information correlation
peaks with a shift of 7, or 7, for module (10) and

determines from them the largest correlation peaks that
correspond to the transmitted bit «1» or «0». Thus, the
receiver performs unambiguous restoration of the
transmitted binary information.

2.3 Assessing the impact of interference on the
quality of information recovery

The influence of external noise in the
communication channel is accompanied by an increase
in random outliers for the autocorrelation function
R, (t) in the information

region of peaks

2 53; Ry (r —Tl,o) with a shift t=7;, which leads to an

increase in the error when restoring the transmitted
binary information to the receiver.
Level of random lateral emissions for the module

R, (r)‘ depends on the shift T, which complicates the

procedure for subsequent extraction of the transmitted
information. Under the influence of external noise, the
relative value of information peaks with a shift of
=Ty decreases. Abnormally large lateral emissions

for the module

R, (r)‘ observed at multiple shifts

t=jTi0 (/=2,3,4). First of all, this concerns the double
delay multiplicity t=27;, both in the absence of

interference and under the influence of interference in
the communication channel.

Lateral outliers with a triple delay ©=37;, are

characterized by a lower amplitude so that they are
difficult to identify by the arrival of one information bit.

The autocorrelation functions 2c6%Ry(t) and

62 Rs(t) also have correlation peaks with zero shift
t=0. The total value of the correlation peaks
262 Ra(0) and o2 Ry (0) with a zero shift t=0 can
significantly exceed the level of information peaks
ci Ry (r - Tl,o) when exposed to powerful interference.

Long-range random outliers for the autocorrelation
functions 262 Ra (1) and o2Rg(t) with a time shift
T>>1, also reach the position of information peaks

ci Ry (I—TLO) with offset 7, or 7, and affect them,

which leads to a shift in the estimate for information
peaks and an increase in bit error during information
retrieval at the receiver.

Thus, a special class of intra-system interference is
determined due to the multiplicity of information delays
Ty or T7.

Random emission of correlation peaks with
multiple landslides ;7 (j=2,3,4) lead to an increase in
the bit error for UWB communication systems when
multiple delays 7, and T; are set when applying code
modulation during transmission, for example,

T]ZZT(); T1:3T().

So, under conditions of double multiplicity
T, =2T, the position of the information peak with a
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shift 77 is combined with the position of the lateral
correlation peak with a multiple delay of 275.

When transmitting a «0» bit with a delay Tp
abnormally high fluctuations occur with a multiple
offset of 27, for the autocorrelation function module

R, (r)‘ at the location of the information peak T;. As a

result, the probability of an erroneous decision in
registering a «1» bit increases, when in reality a «0» bit
is transmitted. Elimination of additional intra-system
interference due to the multiplicity of information
delays in UWB communication systems consists in the
set of multiple delays 7; and 7 among themselves in
the process of code spectral modulation of UWB signals
in the transmitter. Indeed, with multiple delays T, and T
for information UWB signals, the important condition
T ¢jT() 022,3,4) is fulfilled.

In this case, there is no overlap in the secondary
spectrum of the position for the information peak 77,
which corresponds to «1» bit, and the position for side
peaks with multiple landslides j7,, which occur during
the transmission of «0» bits. Moreover, random outliers
at lateral correlation peaks with multiple landslides ;7
(j=2,3,4) do not affect the reliability of binary symbol
transmission under conditions 7 # jT, when delays are
not multiple.

3. Analysis

The information signals in the interference
communication channel are removed by the inverse
Fourier transform from the measured power spectrum
for the received signal, whose autocorrelation function
is an information correlation peak with a shift 7 or Tj
according to the binary bit stream and the
autocorrelation function for the reference signal and
external interference. Further comparison of information
correlation peaks with a shift of T or T, determines the
largest of them, which corresponds to the transmitted bit
«1» or «0».

The influence of external noise in the
communication channel is accompanied by an increase
in additional random outliers for the autocorrelation
function in the region of information peaks, which leads
to an increase in the error in recovering the transmitted
binary information in the receiver, especially due to the
multiplicity of information delays 7, or 7. The
elimination of these additional intra-system interference
consists in the establishment of multiple delays 7, and
T, in the process of code spectral modulation of ultra-
wideband signals in the transmitter.

Conclusions

The developed technique for wireless transmission
of digital information on the basis of ultra-wideband
signals, which includes a method for generating
information signals with code spectral modulation and a
method for extracting information signals in a
communication channel with interference. The impact
of interference on the quality of the recovered
information has been evaluated. It is shown that the use
of communication channels with an ultra-wide
frequency band makes it possible to simultaneously
implement a set of requirements for the electromagnetic
compatibility of telecommunication systems, high speed
information transfer and noise immunity with respect to
external noise and interference.
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Meronnka 0e3npoBoaoBoi nepegaqi nugposoi ingopmanii Ha rpyHTI HaAIIMPOKOCMYTOBHX CHTHAJIB
O. A. Cepxos, K. A. Tpyouaninoa, M. Mesitic

Anotanisi. Ilpeamerom BHUBYEHHA € opraHizauis Oe3npoBonoBoi mnepenadi nudposoi iHpopMmamii Ha TpyHTI
HaJIIMPOKOCMYTrOBUX cUrHaiiB. Mera — po3poOka Mozenel i MeTOHiB oOprasizauii HaJIIMPOKOCMYTrOBOIO OECIpOBOLOBOrO
3B’S13Ky, IO IPAIfOE B YMOBAaxX CKIaAHOI 3aBajoBOi OOCTAaHOBKH. B OCHOBY METOIMKH IOKIAaZEeHO MeTon (hOpMyBaHHS
HaJIIMPOKOCMYrOBUX HU(POBUX CHrHAIIB Ta METOJ BHJIyYEHHS HaJIIMPOKOCMYroBUX iH(OpPMAliiHMX CHI'HAJIB B KaHai
3B’sI3Ky 3 3aBajgaMu. 3agada — 3a0e3redeHHs yctaneHol Ta Oe3meqyHol poboTH cucteMH 3B’s13Ky. Bukopucrani meroan: Meroan
aQHAJITUYHOrO, IMITAI[ifHOr0 MOJEIOBaHHS Ta 3BOPOTHBOrO meperBopeHHs @Dyp’e. OTpumMaHi HACTYNHI Ppe3yJbTaTH.
Po3pobena meronuka Ge3npoBomoBoi nepenadi mudpoBoi iHpopMalii Ha TPYHTI HaJIIMPOKOCMYI'OBHX CHTHANIB, 0 CKIIaIy
SKOTO BKJIFOUEHO MeToJ ()OPMYBaHHS HaJIIMPOKOCMYrOBUX 1H(GOPMAIIHHUX CUTHANB 3 KOJOBOIO CIIEKTPATIBHOK MOIYISLIE
Ta MEeTOJ| BUITy4eHHs iH(pOpManiiHUX CUTHAJIB B KaHaJi 3 3aBajaMu. BUKoHaHa omiHKa BIUIMBY 3aBa]] Ha SIKICTh IepeJaBaeMoi
iHdopmanii. BusiBneno ocobnuBuil Kiac BHYTPIIIHBOCUCTEMHMX 3aBajl, AKi 3°SBISIOTBCS BHACIIJOK KPaTHOCTI 3aTPUMOK B
indopmaniiiHomy noroui 6itiB 7, abo T;. Ilokazano, mo iX nosBa NPU3BOAMTH A0 MiJBMILECHHA OITOBOI MOXMOKM IIiJ 4ac
BWIY4CHHs 1H(GOpPMAIifHUX CUTHaiB B KaHadi 3B’S3Ky. 3alpOIIOHOBAHO MEXaHI3M YCYHEHHS LHUX IOXHOOK HIIAXOM
BCTAHOBJICHHS HEKPaTHUX 3aTpuMOK Ty i 7} mix yac (opMyBaHHS HaAIIMPOKOCMYroBHX iH(opMauiiiHux curHanis. BucHoBKH.
BuxopucranHs kaHaliB 3B 53Ky 13 HaAIIMPOKOIO CMYT'O0 YacTOT JIa€ MOMJIMBICTD OJHOYACHOI peai3alii KOMILIEKCY BUMOT 1O
€JICKTPOMArHITHIH CYMICHOCTI TEJICKOMYHIKalliiHUX CHUCTeM, BEJMKil mBHAKOCTI mepenadi iHdopmauii 3 BHCOKOIO
3aBaJIOCTIMKICTIO 110 BiHOLIEHHIO 0 il 30BHINIHIX 3aBal.

Karo4doBi ciaoBa: HaAIMPOKOCMYrOBUi CUTHAN; O€3IPOBO/IOBA IIepe/iaua; KOpeIsiiiH1iA MpHiioM; KOrepEeHTHICTb.

Meronnka OecripoBoaHOii nepegauyn nngpopoii HHGpOPMANHNK HA OCHOBEH CBEPXIIMPOKONOJIOCHBIX CHTHAJIOB
A. A. Cepxos, K. A. Tpy6uanunoBa, M. Me3utuc

Annotanus. IlpexvMeroM m3ydeHus SBISIETCS OpraHu3anysi OSCIPOBOIHOW Iepepaun HUpOBOH MHGOpPMAarMu Ha
OCHOBE CBEPXILIMPOKONOJIOCHBIX curHanoB. Lleap - paspaGorka Mozeneli M METONOB OpPraHM3alUM IMPOKONOIOCHOMN
OECIIPOBO/IHOM CBsI3M, paboTaromell B yCIOBHUSIX CIIOXHOW ITOMEXOBOW OOCTaHOBKH. B 0CHOBY MeTOOWKH TIOJOXXEHBI METOX
(OpMHUPOBaHHUS CBEPXITHPOKOIIOIOCHBIX IIU(POBBIX CUTHAJIOB ¥ METOJ] M3BJICUCHUSI CBEPXIINPOKOIIOIOCHBIX NH(OPMAITOHHBIX
CUTHAJIOB B KaHalle CBs3M C IOMeXaMH. 3ajgaya - oOecleueHHe YCTOWYMBOM M Oe30macHOi paboThl CHCTEM CBS3H.
Hcrnonb3yeMble MeTOObI: METO/BI AHAIUTHYECKOr0, HMHTAIIMOHHOIO MOZEIHMPOBaHHUS M oOpaTHoOro npeodpaszoBanus dypoe.
IMonyuens! cnenyronye pe3yiabTarbl. PazpaGorana meronuka OecnpoBOfHON mepenaun uudpoBoi MHGOpPMALUKM Ha OCHOBE
CBEpXIIMPOKOIIONIOCHBIX ~ CHT'HAJIOB, B COCTaB KOTOPOH BKJIIOYEHBI MeTOX (OPMHPOBAHUS CBEPXIIMPOKOIOIOCHBIX
WH(OPMAIIIOHHBIX CUTHAJIOB C KOJIOBOW CHEKTPaIbHOM MOIYNISLMENd W MEeTOJ H3BJIeYeHHs WHPOPMALMOHHBIX CHTHAJIOB B
KaHaJie CBSI3M C IOMEXaMH. BBINoNHeHa OlleHKa BIMSHUS IIOMEX Ha KauecTBO BOCCTAaHaBIMBaecMoW MH(popMaimu. BeisBieH
0COOBIH KJTacC BHYTPHCHUCTEMHBIX TIOMEX, KOTOPBIE MOSIBIISTIOTCSI BCIIEICTBUE KPATHOCTH 3aJepKeK B MH(OPMAIIIOHHOM ITOTOKE
ouroB T i T IToka3aHo, 4TO MX MOSIBJICHUE IIPUBOAUT K ITOBBIIICHUIO OMTOBON OIIMOKY IPH W3BJICYEHUN MH(POPMAIIMOHHBIX
CHTHAJIOB B KaHAlle CBsi3U. [IpeiokeH MeXaHU3M YCTpaHEHHs STHX OMIMOOK ITyTeM YCTAHOBKHM HEKPaTHBIX 3anepxek Ty u 7|
pu  (OPMHUPOBAHUK CBEPXIIMPOKOIIOIOCHBIX HH(pOPMAIMOHHBIX CUTHAJIOB. BbIBoabl. lcronp3oBaHWe KaHAIOB CBS3U CO
CBEPXIIMPOKOH IOJOCOH YacTOT [JaeT BO3MOXHOCTh OJHOBPEMEHHOH peanu3aldd KOMIUIEKCa TpeOOBaHWH IO
JIEKTPOMAarHUTHON COBMECTHMOCTH TEJIEKOMMYHHKAIIOHHBIX CHCTEM, OOJBIIOH CKOPOCTH Iepenada HUH(POPMAINH ¢ BEICOKOW
TIOMEX0YCTOHYMBOCTBIO IT0 OTHOLIEHHIO K JICHCTBHIO BHEITHUX MIOMEX.

KnaoudeBble caoBa: CBepXIIMPOKONONOCHBIH CUTHal; OecnpoBOAHAs Iepejayda; KOPPESILUOHHBIN NpHeM;
KOT€PEHTHOCTb.
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