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NOISE-LIKE SIGNALS
IN WIRELESS INFORMATION TRANSMISSION SYSTEMS

The subject matter is analysis and evaluation of efficiency of noise-like signals in wireless information transmission
systems. The aim is quality of service improvement for mobile subscribers, due to communication channel
multiplexing using complex signal-code structures. The objective is development of a systemic view of the technology
of information transmission using ultra-short pulse signals focusing on main phenomena that arise at different stages of
signal transmission in a wireless information transmission system. The methods use dare sequential analysis, simulation
modeling and digital signal coding. The following results have been obtained. An antenna design featuring an expanding
slit has been proposed for effective emission and reception of noise-like signals. A method for controlling radiation pattern
of such antenna array has been developed. Gaussian Monocycle coding of information with time position-pulse modulation
has been justified to be used as a noise-like signal. It has been shown that for the organization of independent channels in
one frequency band, it is practical to use a system of orthogonal codes, e.g. Walsh sequence. Due to accumulation of pulses
of a useful information signal in the receiver correlator, significant increase in signal-to-noise ratio becomes possible,
which enables information transmission over a wide frequency range well below the noise level. As a result, a systematic
understanding of the technology of information transmission using ultra-short pulse signals in wireless information
transmission systems is developed and a quantitative evaluation of the efficiency of the proposed technical solutions is
provided. Conclusion. The use of noise-like signals in wireless information transmission systems provides for high data
transmission rates with high interference immunity and tapping protection communication channel. The ability to operate
with low emitted power and the high penetrability of noise-like signals through various obstacles, for example, walls, allow
meeting the requirements for electromagnetic compatibility and ensuring stable communication in conditions of multipath
propagation of radio waves. These circumstances form the basis for the development and implementation of information
transfer technology using noise-like signals when designing office networks.
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coding; electromagnetic compatibility.

Introduction

The first practical experiments in wireless
information transmission, conducted by A.S. Popov and
G. Marconi, showed the possibility of signal
transmission at a distance of tens of kilometers.
Information was carriedwith electromagnetic pulses that
occur during a spark discharge. It should be noted that
information is an ordered set of fixed symbols (pulses)
of arbitrary nature [1, 2].

The development of information transfer
technologies would have proceeded in the direction of
improving and developing pulse information transfer
systems but a mathematical apparatus of harmonic
analysis, introduced at that time, laid a foundation of a
communication theory based on sinusoidal functions,
which gave a powerful impetus to the development of
this realm. However, treating information systems in
terms of harmonic oscillations gradually accumulated a
set of problems, and that stimulated transition to noise-
like (pulse) signals in wireless information transmission
systems (WITS). H. Harmuth showed [3-5] that
harmonic signals in WITS are a particular case of non-
sinusoidal oscillations, and that Sequential Analysis
Theory being applied here allows avoiding many of the
problems that arise from usage of Harmonic Analysis
methods [4].

Practical implementations of WITS devices have
proved this theory adequate [S]. This approach was
further developed by American scientists D. Ross, K.
Robbins and L. Fullerton (Fig. 1). The latter has coined

the term "pulse radio" and founded Time Domain Corp.,
which has successfully worked in this field since 1987.

Fig. 1. Larry Fullerton

Wireless information transmission systems work
with large streams of diverse information, providing a
high-quality exchange of information among
subscribers. However, further increase in the number of
wireless devices typically connected to a WITS imposes
stricter requirements upon the information transmission
medium, which leads to communication channel
multiplexing using complex signal-code patterns.
Depending on the correlation properties of coded
information signals, a code division of the channels is
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used, and each channel is assigned a specific waveform
serving as a distinctive feature of the channel.

The use of noise-like signals (NLS) improves the
information transmission speed as well as secrecy and
reliability of mobile communication channels.
Moreover, the use of NLS in wireless communication
systems provides for simultaneous high-quality joint
operation of a large number of devices. The
implementation of such joint operation is currently an
actual and complex task.

The analysis of the problem
and formulation of the task

According to the definition provided by L. Astanin
[6], in noise-like signals, spectral width is
commensurable with central frequency. In broadband
transmission, relatively narrowband information signals
with an effectively transmitted spectral width Af are
deliberately converted to wideband signals with
effectively transmitted spectral width AF, preserving the
level of total signal energy E. Spectral energy density of
the channel signal is deliberately reduced AF/Af times,
which results in value of AE/AF, while the channel
signal base rises AF/Af times. The basis of the ultra-
short pulse (i.e. NLS) is equal to a product of the signal
duration by its spectrum width:

B=At-AF ~1,

where At is the pulse duration, and AF' is the pulse
power spectrum width.

Thus, direct expansion of the frequency spectrum is
the simplest and the most convenient method to expand
the signal base. E.g. using a Gaussian monocycle with a
duration At ranging from 2.0 ns to 0.1 ns as a coding
pulse results in the bandwidth of power spectrum
from500 MHz to 10 GHz, respectively; while the signal
spectrum occupies the entire frequency band from 0 to
AF ~ 1/At. To encode a symbol of information not a
single ultra-short pulse but a sequence of them is used,
and the signal base increases in proportion to the
number of pulses.

Radiating a broadband signal’s electromagnetic
wave to free space imposes restrictions on the design of
antenna devices used. For organization of WITS that
utilize noise-like signals, the characteristics of the
generators, radiators and receivers have to be optimized
for the nature of the signals.

Task solution

Antenna e. The analysis [7] of the design of
antenna array elements for emission of ultra-short pulses
reveals that the best results are obtained with Tapered
Slot Antenna (TSA) also known as Vivaldi Antenna,
which is an antenna with an expanding slit. A TSA is fed
with a signal from a short pulse generator [7]. These
antennae are of complex shape, so we used a 3D
electrodynamic simulation software package to study
their characteristics. TSA size/shape optimization
performed with the software results in a variety of shapes
and proportions, depending on the specific task (Fig. 2).
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Fig. 2. The design of TSA and radiation patterns of the antenna for frequencies of 2.0-6.5 GHz

Antenna width limits the lower radiation
frequency, as in the case of a dipole, while antenna
length determines the gain in the middle and at the
upper edge of the band, like with log-periodic or horn
antennae. The shape of the open slit determines the
frequency band as with log-periodic antennae. The
shape of the slit can be different, but the widest band is
obtained with exponential (for example, ¢***") increase
in the slit width. The dimensions and the shape of the
hole affect the matching at the bottom of the frequency
band. A TSA is usually produced with conductors
printed on fiberglass. The influence of the dielectric
somewhat lowers the frequency and the input

resistance, but the latter remains well above 50 Ohms:
140 — 160 Ohm, depending on the fiberglass thickness.
A distinctive feature of phased antenna arrays using
TSAs as their basic element is the significant
expansion of the frequency band of electromagnetic
radiation, which is important for the usage of the arrays
in wideband WITS. In this case, we also getexcess
values of frequency and gain. The energy radiation
pattern of such pulsed antenna array is characterized by
a narrow main beam and practically no side lobes.
Thus, considering their bandwidth, gain and beam
characteristics, antenna arrays consisting of TSA
elements are the most suitable for usage in WITS.
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Besides, as it was shown in [8], the direction of the
maximum of the radiation diagram can be changed
through changing the shape of the pulse current/voltage
feeding the transmitting antenna (Fig. 3). The radiation
diagram pattern control is based on the properties of
pulse waveforms and utilizes changes in the energy
spectrum of the signal depending on the receiving
direction. This property can be used to control antenna
radiation diagram pattern when aligning the maximum
directions of transmitting and receiving antennae of a
WITS. Using changes in the shape of the pulse wave,
we can automate beam control.
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Fig. 3. Signal forms for changing
the direction of radiation

Generation. One of the most important elements
in implementation of a WITS basing on noise-like
signals consists in powerful pulse keys. Their
commutation front duration must be about 10-100
pswith a megahertz repetition rate and a very high
stability during about 10 ps. In this case, the
commutated voltage is measured in hundreds and
thousands volts.

Since radiation of an antenna electromagnetic
wave to free space is formed at the moment of a sharp
drop in the voltage pulse front, it becomes necessary to
generate pulses with the highest possible slew rate.
High-speed circuit breaking switches can be constructed
from drift step recovery diodes as it was first
demonstrated at Ioffe Institute [9]. Such diodes can
switch voltages up to 1800 V. A pulse of such
amplitude corresponds to current of 36 A. Thus with
such diodes, it is possible to form ultra-short voltage
pulses with 2—4 V/ps rising front rate. A typical pulse
shape of an ultra-short voltage pulse generator (UVPG)
is shown in Fig. 4 [7].

A family of electric pulse generators has been
developed based on short pulse power keys proposed by
the group of A. Kardo-Sysoev (see Table 1 for their
technical characteristics).

It should also be noted that the developed
generators have almost unlimited service life, which
makes them an ideal basis for development of powerful
ultra-wideband transmitters.

1.000 ns/div
139 mV

1 S0.0 mU/div

Fig. 4. Typical pulse shape of the UVPG generator

Particular properties of noise-like signal
applications. Usually, noise-like signals have the form
of idealized Gaussian Monocycles with radiation
spectrum mainly in the range from 1 to 7 GHz. The
pulse duration ranges from 200 picoseconds to a
nanosecond, and the pulse repetition intervals range
from 10 to 1000 ns. An average pulse repetition period
determines the information transmission rate. Therefore,
at a pulse repetition period of 10 ns the maximum
transmission rate is 100 Mbit/s.

The need to increase the performance of WITS
forces us to use complex signals that can significantly
improve the quality of information transmission.
Obtaining high information transfer rates can be
possible with ultra-dense communication channel

design using complex signal-code structures for
information transfer. Such channels provide data
transfer rates close to communication channel
bandwidths.

However, a regular sequence of such pulses does
not carry any information. Therefore, one information bit
is encoded by a sequence of many pulses, e.g. 200 pulses
per bit. Information is encoded using Pulse Position
Modulation (PPM) when the information parameter of an
information bit consist in time positions of the leading
edges of the 200 pulses representing the bit.

The position of each of the coding pulses varies in
time in respect to positions of periodic reference pulses.
Forward displacement of the pulse relative to its
nominal position in the sequence denotes‘0’,

35



Advanced Information Systems. 2017. Vol. 1, No. 2

ISSN 2522-9052

backward — ‘1’. The magnitude of the displacement
should not exceed a quarter of the pulse duration. For
example, in a sequence of pulses with 0.5 ns duration

Table 1. Generators of ultra-wideband pulses

and 100 ns intermittent interval a pulse that came 100 ps
earlier denotes ‘zero’, and the one coming 100 ps later
denotes ‘one’.

Model Rise time, ns. Pulse Width, ns. Amplitude, V Repetition Rate, MHz
HFPG-1-0,5 <0,7 <2 500 2(3)
HFPG-1-2,5 <0,7 <2 2500 ()
HFPG-1-5 <0,7 <2 5000 (0,5)
HFPG-5-0,05 <0,14 <0,3 50 10(20)
HFPG-7-0,15 <0,3 <0,7 150 10(20)
HFPG-7-0,5 <0,3 <0,7 500 2
HFPG-7-1 <0,3 <0,7 1000 1
HFPG-4-0,5 <0,1 <0,5 500 (0,2)
HFPG-4-1-10 <0,1 <025 1100 0,01
HFPG-4-1-50 <0,1 <0,25 1100 0,05

For organization of several independent channels
within a single frequency band with smoothing spectral
characteristics and protection from interference, the
position of each information bit is shifted by time
proportional to a current value of some pseudo-random
sequence. The shift time is one or two orders of
magnitude higher than the offset at PPM modulation.
Using a system of orthogonal codes to control time
delays, e.g. Walsh Sequence, up to a thousand
independent communication channels can be created
within one band without using special algorithms for
digital signal processing. Thus, all the channels occupy
a single wide frequency range, and the signal spectrum
is substantially smoothed out and becomes noise-like.
Due to the broadband signal, its power is reduced, even
below the white noise level — in case of very long base.

To select a signal that is intended for this receiver
from the total mass of radio signals, a separate
numerical code assigned to each user can be applied. All
other signals would be regarded as noise.

AWITS receiver is a direct gain receiver and a
correlator. Being synchronized with the transmitter and
knowing the law of generation of the pseudo-random
sequence of pulses in time, the receiver synchronously
generates a sequence of reference pulses for the
correlator. The correlator determines the coincidence of
the reference and received pulses, setting the output to
+1, if the signal comese.g.100 ps before the end of the
inter-pulse interval, -1 — if 100 ps after and 0 — in all
other cases. These values are accumulated in an
integrator. As a result, narrowband interference from a
continuous carrier transmitter or a signal from another
pulse transmitter can impede correct receiving of
individual pulses, not the information bit as a whole.
The value accumulated at the correlator from random
interference would be zero. This allows avoiding signal
interference that may occur when organizing
communication within buildings or on complex terrain.
The reflected signal enters the correlator with a delay
and the correlator interprets it as a random interference

without affecting the direct signal anyhow. Estimation
of noise tolerance can be done using the concept of
processing gain. In spread spectrum systems, processing
gain is defined as the ratio of channel bandwidth to
information signal bandwidth. Thus, for spreading-
spectrum systems using direct sequence method with
channel bandwidth of 5 MHz and information signal
bandwidth of 10 kHz, the gain would be 27 dB. For the
same signal transmitted through a 2 GHz bandwidth, the
gain would be 53 dB. So due to the high effective
amplification of signals in noise-like systems, they can
operate at very low average transmitter power (50 uW -
2 mW). Therefore, they do not interfere with existing
radio engineering systems using the same frequency
band.

Due to the broadband character of the signal, its
attenuation in various media is insignificant. Short
pulses easily pass through various obstacles, since
signal suppression does not occur throughout the entire
band. Due to different paths of propagation of radio
waves (multipath propagation), interference of signals
occurs, which creates a complex -electromagnetic
situation at the receiver site. A digitally coded signal
comes in the form of several copies shifted in time.
However, if the difference in the shift is greater than
chip duration then the receiver synchronizes with the
most powerful component of the received signal
discarding the other.

Thus, the resistance to multipath propagation of
the WITS signals is ensured.

Analysis

It should be noted that while average power of
emitted pulses is relatively small, the magnitude of the
electric component of the electromagnetic field reaches
very high values. This increases the likelihood of a
malfunction and possible failure of ambient radio
electronic equipment. The studies of resistance of radio
electronic equipment to the impact of ultra-short voltage
pulses (UVP) performed by K. Sakharov’s school [11-
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15] determined the maximum permissible levels of
pulsed electromagnetic  fields that guarantee
uninterrupted operation of the equipment. These levels
are different for different radioelectronic systems and
depend also on the repetition rate of the pulses. E.g. the
maximum allowable intensity of the electric component
of an electromagnetic field generated by a UVP ranges
from 2 kV/m for 1 MHz repetition rate to 300 kV/m —
for 1KHz. The analysis and generalization of
experimental results revealed that at a 10 MHz
repetition rate of UVP (100 ns repetition period) the
intensity of the electric component of the
electromagnetic field of the UVP would not exceed
300 V/m.

This limitation can be met in practice using a UVP
generator out of the family of generators developed by
A. Kardo-Sysoev’s group [10]. HFPG-5-0,05 or HFPG-
7-0,15 models with 0.14-0.3 ns rise time, 0.3-0.7 ns
pulse duration and 50-150 V amplitude, ensuring
temporal stability of pulse positions in order of 10 ps are
the most suitable for the task.

Conclusions

The usage of noise-like signals in the WITS allows
obtaining a number of advantages that cannot be
achieved with traditional methods. It concerns, in
particular, improving the quality of service for mobile
communication, such as the increase in the number of
subscribers served simultaneously. Communication
channel bandwidth expansion and transition to ultra-
wideband channels leads to practically unlimited
increase in the number of communication channels. Pre-
allocating signals, their frequencies and modulation
types to subscribers, we can implement inter-subscriber

communication without mutual and
interference.

The most important criterion characterizing the
efficiency of wireless communication systems is the
high potential unit density of data transmission. It is
defined as the amount of achievable total data transfer
rate per square meter of the working area and now this
value is about 1 Mbit/s/m’.

The use of short pulses prevents inter-signal
distortion since the energy of the received pulse usually
has time to die out completely until the next one arrives.
This also reduces the level of distortion of information
signals caused by its multipath propagation. Therefore,
low power noise-like systems are able to transmit data
inside buildings with complex architecture.

A characteristic feature inherent to communication
systems based on noise-like signals is the low
probability of either detection of a fact of temporary
establishment of a communication channel or
unauthorized access to the information transmitted
through the channel. Moreover, in this case, mobile
operators do not need to obtain additional band licenses
and use already occupied radio frequency bands.

Simultaneous joint interference-free operation in
the same frequency band for either traditional
narrowband communication systems or communication
systems with noise-like signals is possible because the
level of the information signal does not exceed the noise
level in the band of operation. At the same time, the
reduction in the power and the level of electromagnetic
field radiation makes it possible to ensure compliance
with the requirements of electromagnetic compatibility
at all stages of development and implementation of
mobile communication systems.

listening-in
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IlymomnoniOHi curaam y 6e3mpoBoJOBHX CHCTeMax nepeaadi indgopmanii
0O.A. Cepkos, B.C.bpecnasenp, M 1O. Tonkauos, I'.I. Uypromos, Iccam Caan

IIpeqveTomM BHBYEHHS € MPOLECH aHAII3y Ta OLIHKM €(QEKTHBHOCTI BHKOPHCTAHHA LIYMONOJIOHMX CHUTHAJB B
0e3npoBoOBUX cucTeMax mepenadi iHdopmamii. Mera — mMiIBHIIEHHS IOKa3HUKIB SKOCTI 0OCIyroByBaHHs aOOHEHTIB
MOOIIBHOTrO 3B’SI3KY LUIIXOM YIIIJIBHEHHS KaHaliB 3B’A3KYy 3a pPaxyHOK 3aCTOCYBAaHHsS CKJIaJHUX CHIHAJIbHO-KOJOBHX
KOHCTpYKLiH. 3aBgaHHsA: (QOpMYBaHHS CHCTEMHOrO YSBICHHS 10O TexHouorii mepepadi iHdopmauii HaaKOpOTKHUMHU
IMITyJIbCHUMM CUTHAJIaMU 13 BUJUICHHSM OCHOBHUX OCOOJIMBOCTEH, sIKi BHHUKAIOTh HA Pi3HUX €Talax IPOXO/PKEHHs CUTHAJiB
y Oe3npoBomHii cucteMi nepenadi iHdopmanii. MeTogamm, 10 BUKOPHCTOBYBAJINCH, € TaKi: CEKBEHTHHH aHalli3, METOIM
iMITaiiHOrO MOJENIOBaHHS Ta NUQPOBOro KomyBaHHs curHaiiB. Orpumani Taki pe3yabtaTtH. s edexkTtuBHOrO
BUIIPOMIHIOBaHHA Ta MPHHOMY IIYMONOAIOHMX CHUTHAJIIB 3alpONOHOBAHA KOHCTPYKLIS AaHTEHHM i3 IIUIMHOMO, sKa
PO3IINPIOETHCS. 3alpPOIIOHOBAaHO METOZ KEPYBAaHHs JiarpaMoro cHpsiMOBaHOCTI wLi€i aHTeHHOi pemriTku. OOIpyHTOBaHO
BUKOPUCTAHHS y SIKOCTI LIYMONOAIOHOIO CHUrHajly TayCiBCbKOIO MOHOLMKIY i3 KOAyBaHHAM iHQopMmalii 3a 10moMororo
4acoBOl MO3HMLIHHO-iMITyIbcHOI Moxyismii. [TokazaHo, mo /i opraHi3amii He3aJeXHHX KaHATIIB B OJHIH CMY3i 4acToT
JIOLIJIBHO BUKOPUCTOBYBAaTH CUCTEMY OPTOIOHAJBbHHUX KOJIB, HaNpUKIIAJ, MOCHiNOBHICTh Yonma. HakonuyeHi y xopensropi
npuiiMaga IMIYJIbCH KOPHCHOTO CUTHANy JalTh MOXJIMBICTH CYTTE€BO IIiJIBULIUTH CIIBBiJHOIIGHHS CHUTHAJ / IIyM,
3a0e3Medyroul LM MOMJIMBICTH nepenadi iHdopManii y MMPOKOMY YaCTOTHOMY Jiala3oHi 3HAYHO HIDKYE PIBHS LIYMY.
B pesynbrati copMOBaHO CHCTEMHE YSBICHHA IPO TEXHOJOriI0 Imepenadi iHpopmauii HaJKOPOTKUMH IMITyJbCaMH Y
Oe3npoBofOBUX cucreMax mnepepadi iHQopmamii. Takox mnpoBeaeHI KiUIbKICHI Ta AKiCHI OLIHKM e(EeKTHBHOCTI
3alpONOHOBAHMX TEXHIYHUX pilleHb. BucHOBKHM. Buxopucranss mymononiOHMX cUrHasiB y OGe3NPOBOAOBHX CHCTEMax
nepenavi iHdopmanii mo3Boisie 3a0e3mMEYUTH BENHKI INBHAKOCTI Tepenadi iHdopmamii 3 OIHOYACHOIO BHCOKOIO
3aBaJI03aXMUIICHICTIO Ta 3axXMCTOM HOro BiJ MNEpexoIUIeHHA. MOXIIUBICTh TPAIOBATH 13 MaJOK IOTYXHICTIO
BUIIPOMIHIOBaHHSA Ta BHCOKa INPOHMKIMBICTH IIYMONOAIOHMX CHIHANIB Kpi3b Oy/Ab-sKi NEpPEIIKOAM, HANPHKIAJ, CTiHH,
JIO3BOJISIIOTh BUKOHaTH BHUMOTH ILOJO EJIEKTPOMATHITHOI CyMICHOCTI Ta 3a0e3leyuTH CTIHKMH 3B’S30K B yMOBax
6araTonpoMiHEBOr0 PO3NOBCIO/KEHHS panioxBumib. Lli 00CTaBUHM CTBOPIOIOTH MIAIPYHTS JUIS PO3BUTKY Ta BIIPOBADKCHHS
TexHouorii nepenayi indopmauii i3 3acTOCYBaHHIM IIYMOIOMIOHUX CUI'HAIIIB IPH CTBOPEHHI O(ICHUX MEPEIK.

KirouoBi ciioBa: mymoroniOuuii curaa; 0e3npoBooBa cHcTeMa nepenadi iHpopMarii; yacoBa MO3MLIHHO-IMITYJIECHA
MOZYJISILIISI; OPTOrOHAJIbHE KOYBAHHS; €IIEKTPOMarHiTHa CyMICHICTb.

IIymomnoxo0HbIe CHTHAJBI B 0eCITPOBOIHBIX CHCTEMAX Nepeaayn nHopManun
A.A. Cepkos, B.C. Bpecnasen, M.IO. Tonkauos, I'.1. Uypromos, Mccam M. Caan

IIpeameToM wm3ydeHHs SIBISIFOTCS IPOLECCHl aHaNW3a M OLEHKH 3(P(PEeKTHBHOCTH HMCIONB30BaHUS IIYMOIIOJOOHBIX
CUTHaJIOB B OECIIPOBOJHBIX cHUcTeMax mepenadd nHpopmannu. Leab — moBblmIeHns mokaszaresneil kadyecTBa 00CIy)KUBaHUS
a0OHEHTOB MOOWJIBHOW CBSI3M IIyTeM YIUIOTHEHHS! KaHAJOB CBSI3M 32 CYET NPUMEHEHHsS CIIOXKHBIX CHTHAIBHO-KOIOBBIX
KOHCTpYKIMi. 3aga4a: ¢opMupoBaHHE CHCTEMHOrO NPEICTABICHHUS O TEXHOJOTWUH Iepeqadd MHPOpPMAIMH CBEPXKOPOTKUMH
HUMITYJIbCHBIMH CUTHAJIaMU C BBIJEJICHHMEM OCHOBHBIX OCOOCHHOCTEH, BO3SHMKAIONIMX Ha PasiMYHBIX JdTarax MPOXOKICHHS
CHTHAJIOB B OECIPOBOIHON cucTeMe Iepenadd MHpopManud. Mcrmoiap3yeMbIMH MeTOJaMH SIBISIOTCS: CEKBEHTHBIN aHAIU3,
METOJbl HMHUTAMOHHOTO MOJIEIMPOBAHUS M LU(POBOro KOAMPOBAHUS CHTHANOB. [loiydeHsl cienyronye pe3yabTarsl. J{iis
9 (PEKTUBHOrO H3IY4eHUS] M IpHeMa IIyMOIOJOOHBIX CHUTHAJIOB MPEUIOKEHA KOHCTPYKIWS AHTEHHBI C pPaCIIUPSIONICHCS
menbto. [IpeaiokeH MeTon ynpaBieHust AUarpaMMoi HalpaBiIeHHOCTH 3TOH aHTeHHOU pemeTku. OO0CHOBaHO HCIIOIb30BaHUE B
KauecTBe ILIYMOIOJOOHOIO CHrHaja TIayCCOBCKOrO MOHOLMKIA C KOJUPOBAaHMEM HH(OPMAalUM IOCPEICTBOM BpPEMEHHON
MO3UIIMOHHO-UMITYJIbCHOW MORyJsiud. [lokazaHo, 4TO Uil OpraHM3allid HE3aBHCHMBIX KaHAJIOB B OJHOW II0JIOCE YacTOT
1Ie71eCO000pa3HO IPUMEHATh CHUCTEMY OpPTOIOHAIBHBIX KOJOB, HAIpUMEp, IIOCIENOBaTENbHOCTh Yonma. HakoruieHHble B
KOppEeIsITOpe MPUEMHHUKA WMITYJIbCHl ITOJE3HOr0 MH(OPMAIMOHHOTO CHTHaja IaloT BO3MOXKHOCTH CYILIECTBEHHO ITOBBICHTH
COOTHOILIEGHHE CHTHAI/IIyM, oOecriedrBas BO3MOXKHOCTH Hepeladd HWHGOpPMAalud B IIMPOKOM YaCTOTHOM JHaIia3oHe
3HAUMTENFHO HIKE YpOBHS Inmyma. B pesymprarte cOpMHpOBAaHO CHCTEMHOE IIPEICTaBICHHE O TEXHOJOTHH Ieperadn
nHpOpMaIK CBEPXKOPOTKHMMH HMITYIECHBIMU CHTHAJaMH B OECIPOBOAHBIX CHCTEMax Ieperadd MH(OpPMalMU U IpOBEJCHa
KOJIMYECTBEHHbIE Y KaueCTBEHHBIC OLCHKH (P (QEKTHBHOCTH IMpeiIaraeMbIX TEXHHYECKUX pelleHnii. BeiBoabl. Vcrnonb3oBaHue
LIYMOIOZOOHBIX CHTHAJIOB B OECIPOBOMHBIX CHCTEMax Iepeiadd MHPOPMAalUH IT03BOJSIET O0ECHeUYHTh OONBIINE CKOPOCTH
nepeauy HHGOPMAIHMK TIPH BHICOKOH OMEXO03aIMIIEHHOCTH KaHala CBS3U | 3aIllUTHI €ro OT IepexBara. Bo3MoXKHOCTh paboThI
C MaJIOM H3JIydaeMOH MOIIHOCTBIO M BBICOKAas HPOHHUKAIONIAs CHOCOOHOCTH IIYMOIOJOOHBIX CHUTHAJIOB Yepe3 pas3nyHble
MIPENSTCTBUS, HAlPUMEp, CTEHBI, ITO3BOJSIIOT BBIIOIHUTH TPEOOBAHMS IO JIEKTPOMArHUTHON COBMECTHMOCTH M OOECIIeYUThH
YCTOHYMBYIO CBSI3b B YCIOBHSAX MHOIOJIYYEBOI'O PACIPOCTPAHEHUSI PaJMOBOIH. OTH OOCTOSTENBCTBA CO3JAIOT OCHOBY JUIS
pasBUTHS M BHEIPEHHs TEXHOJIOTMU Nepenadd MHPOpMALMK C HCIIOJIb30BAHHEM NIYMONOAOOHBIX CHTHAJIOB IPH CO3JIaHUH
o(HCHBIX ceTeil.

KarwueBbie cjioBa: [HyMOHOI[O6HBIﬁ CUTI'HaJI; 6eCl'IpOBOZ[HaSI CUCTEMa IICpeaadn I/IH(i)OpMaI_II/II/I; BpEMCHHas IMMO3ULTUMOHHO-
HUMITyJIbCHasI MOAYJISLMA; OPTOIOHAJIbBHOC KOAUPOBAHUE, SJICKTPOMAarHuTHass COBMECTUMOCTD.
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