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Background. A new idea for receiving and transmitting impulse radio ultrawideband signals with Pulse Position
Coding (PPC) in transmitter station and antenna decoding in receiver station is proposed. A receiving station that allows
decoding the ultrawideband signal with PPC only by receiver antenna due to its construction which is spatially matched with

the subscriber’s PPC address sequence is described.

Objective. The aim of the paper is to present the idea of ultrawideband signals transmitting and receiving based on the
application of antenna decoding method of subscriber’s PPC address sequence.

Methods. Computer simulation of impulse radio ultrawideband signal generator by using such computer-aided design
as AWR Microwave Office was used. Also mathematical tool to describe ultrawideband signal at the outputs of antenna

dipoles and in the receiver was used.

Results. The simulation results of the impulse radio ultrawideband signal generator with step recovery diode indicate
the possibility of generating at its output a signal with a time duration less than 1 ns in 0.3 — 2.5 GHz frequency bandwidth and
a pulse amplitude that doesn’t exceed 0.3...0.45 volts. A mathematical model and graphs of ultrawideband signals for PPC
depict antenna decoding method of subscriber’s PPC address sequence in the receiver station.

Conclusions. The proposed idea is conceptual. Its realization will give an opportunity to offer new technological
solutions for the creation of next-generation radio telecommunication systems, particularly in the terahertz frequency band.
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Introduction

Today, ultrawideband (UWB) technology is one of
the promising technologies of high-speed wireless data
transmission. However, the action radius of wireless
communication systems based on state-of-the-art UWB
devices is small. This is due to limitations on the
permissible spectral density of UWB signal radiation in
3.1-10.6 GHz frequency band introduced by the
Federal Communication Commission of USA in order
provide electromagnetic compatibility with radio
electronic devices of other wireless communication
systems. The UWB technology is divided into two main
directions: UWB based on MB-OFDM (or Multiband
UWB) (IEEE 802.15.4-2011 standard) and UWB based
on impulse radio (IR-UWB).

Nowadays, UWB transceivers that use multiband
UWB technology are commercially available. Such
companies as Decawave Ltd. and Time Domain Inc. are
developing such transceivers [1]. For example, in the
world market for electronic components, commercially
available DWM1001 UWB transceiver of Decawave
Ltd and PulsON 440 (Fig.1) of Time Domain Inc.
based on IEEE 802.15.4-2011 standard for location
detection and wireless communication systems are
available for sale [1,2]. The range of such UWB

transceivers typically is not more than 300 m at a
maximum transmission rate up to 6.8 Mbps.

a) b)

Fig.1 PulsON 440 (a) of Time Domain Inc. and DWM1001
(b) of Decawave Ltd. UWB transceivers photos

It is worthwhile to notice that there are also
developments of military UWB tranceivers based on
IR-UWB technology: MultiSpectral Solutions Inc.
developed an UWB transceiver for packet data
transmission at speeds of 9.6-128 kbps at distances up
to tens of kilometers [3].

The transmission of data using impulse radio
ultrawideband signals (IR-UWB) remains an attractive
and promising method in communications due to many
advantages over the transmission by continuous signals
based on sinusoidal carriers.
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Therefore, usually each bit of information (or a
control command) is transmitted not by one but by n
pulses. Their possible number in each bit is determined
by the duration of the pulses themselves, their
amplitude, duty cycle and the required information data
rate.

By analogy with broadband signals, the base of the
impulse signal B can be interpreted as the product of the
pulse duration by the number of pulses in the signal.
The base of the signal at a given pulse power
determines the energy gain when the pulses accumulate
when signals are received. The average duty cycle of
the signal is determined by the necessary combination
of possible number of UWB signals in the network with
their mutual orthogonality or relative pauses between
them in the pseudo-random coding of their position on
the time axis. Also usage of UWB provides multiple
access of a certain number of subscribers with absolute
or quasi-orthogonality between their signals. This
property can be interpreted as a large channel capacity,
the possibility of parallel transmission of signals of a
large alphabet and a number of other properties that
make it possible to make channels or networks based on
them efficient.

However, ultrashort impulses of practical power
(units, tens of watts) carry a small energy equal to the
pulse power P; multiplied by its duration 7;: E; = P; 7.
As a result, the signal-to-noise ratio E/Ny, which
determines the probability of reception errors, is low.
Therefore, data transmission is performed by a series of
impulses, the group of which determines the transmitted
symbol. This group of pulses 7; is encoded in
accordance with a time code or subscriber’s address
sequence (Pulse Position Coding - PPC) orthogonal to
codes of other symbols or signals of other transmission
systems operating in the same frequency band. An
example of such a signal is shown in Fig.2.
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Fig.2 Pulse Position Coding

The information symbol must consist of enough
impulses of sufficient amplitude to carry necessary
energy to fulfil necessary bit error rate in a receiver.
Usually impulse amplitudes are limited and the only
way to fulfil energy requirements is to use as many
impulses on bit as possible within necessary data rate.
Big amount of impulses on bit make possible to

generate big ensembles of orthogonal codes which
mitigate mutual interference and increase number of
addresses in multiple access networks.

To separate the signals at reception it is necessary to
use the correlation method. The correlator can be an
active device, selecting symbols by comparing the
received impulse series with the reference signal
structure (Fig.3). An active correlator requires the
synchronization of the local reference code sequence
with the received signal. Using impulses with ultrashort
duration, it is practically impossible to make
synchronization with acceptable accuracy and stability
in receivers.
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Fig.3 Active correlator receiver.

A passive correlator based, for example, on a delay
line with taps (Fig.4) is independent of synchronization
but requires ultrawideband throughput and high
accuracy of taps positions.

Input-D \
g 7
R

Adder

Fig.4 Passive correlator receiver

Thus, classical ultrashort impulse signal decoding
becomes a difficult task.

Receiver passive and active correlators can be
simplified by applying the "non-energy" receiver
principles [4-6], in which the received ultrashort
impulses are replaced by "standard" pulses of amplitude
and duration suitable for processing by digital circuits
and programs.

So, the aim of the paper is present the idea of IR-
UWB transmitting and receiving based on the
application of antenna decoding method of subscriber’s
PPC address sequence.

UWB signal generation
Typically, an IR-UWB signal generator is a

significant part of any modern wireless communication
transceiver that uses IR-UWB signal. The literature
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analysis [7-9] of IR-UWB signal generators shows that
its generalized block diagram can be presented as a
serial connection between the pulse sharpener and the
Gaussian monocycle forming network, as shown in

Fig.5.
nn; N 4’_1\’4
Pulse Pulse Gaussian
sharpener > monocycle [—>
generator i L
circuit Jforming circuit to antenna

Fig.5 Block diagram of IR-UWB signal generator

In accordance with Fig.5, the pulse sharpener is
designed to generate short-duration unipolar pulses,
usually with duration of hundreds of picoseconds / units
of nanoseconds, which are similar to Gaussian pulses in
time domain. The input signal of pulse sharpener is
single- or bipolar rectangular pulses of pulse generator.

As pulse sharpener of the pulse edges of the input
signal from pulse generator, usually special
semiconductor devices are used: an avalanche transistor,
a tunnel diode, a step recovery diode (SRD), and a field-
effect transistor. The avalanche transistor has the
advantage because it allows to sharp edges of pulse of
considerable power, but has limited pulse repetition
frequency due to the significant level of dissipative
losses in the transistor. Tunnel diodes have the smallest
switching time which equals to several picoseconds, but
with very low power at several milliwats. The SRD is a
compromise variant since it has a low switching time of
about 100 picoseconds, with an average power level
ranging from hundreds of milliwats to tens of watts and
with a high pulse repetition frequency. These properties
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make it relevant for usage in development of IR-UWB
signal generators [7,9].

The SRD works as a controlled switch, which can
very quickly change its resistance from small to large.
This property of the SRD is used to sharp the long
edges of pulse signals.

As SRD for the model of IR-UWB signal generator,
we select the KD524A diode, which is available in
Ukraine. Based on the parameters of the KD524A
diode, the following values were set in the model
STEPRD: IS = 2 microampere; 77 = 30 ns; CREF =
3 picofarads; BV = 24 volts; T = 25 degrees; IMAX =
400 milliampere. The parameters RS, N, AFAC were
unchanged.

Since the SRD has parasitic parameters, the
equivalent electric circuit of the SRD which taking into
account these parameters using AWR Microwave
Office will looks like Fig.6.

CAP
ID=C1
C=03 pF

PORT
P=1
Z=50 Ohm L=0.7 nH

STEPRD
ID=8RD1 7=50 Ohm

Fig.6 The electric model of the SRD which takes into account
the parameters of its package

When using a short-circuit microstrip line, the
electric circuit of the simplest IR-UWB generator in
AWR Microwave Office will looks like as it is shown
in Fig.7.

MTEE
ID=TL4
W1=1.57 mm
W2=1.57 mm
W3=1.57 mm

SDIODE
ID=8D1

MLIN
ID=TLE
W=1.57 mm
L=5 mm

Z=50 Ohm

Fig.7 Electric circuit of simulated IR-UWB generator based on the SRD which generates Gaussian monocycle using a short-
circuited microstrip line differentiating circle
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The input signal of the IR-UWB generator (Fig.8)
from the source V_SQR is the periodic sequence of

bipolar pulses with pulse repetition frequency
f =10 MHz (period T = 100 ns), duty cycle ¢ = 50%,
pulse duration t = 50 ns, rising edge duration

tr = 2.5 ns, falling edge duration tr = 2.5 ns, amplitude
U =5 volts.

Fig.9 shows time domain voltages presented at the
output of the pulse sharpener and the Gaussian
monocycle forming circuit output for the IR-
UWRB signal generator model shown on Fig.7 using the
AWR Microwave Office. Analysis of Fig.9 shows that
the duration of the monocycle does not exceed 1 ns, and
the amplitude of Gaussian monocycle is Um = 0.3 ...
0.45 volts.
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Fig. 8 Bipolar pulse signal applied to IR-UWB generator input
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Fig.9 Pulse signal at the pulse sharpener output (solid line)
and at the output of the Gaussian monocycle forming circuit
(dashed line) of IR-UWB signal generator

The IR-UWB signal shown in Fig.9 can be
approximated with sufficiently high accuracy as
analytical formula

2t &
s(t) =-A, —zexp(——zj >
T T

s

()

here t_ is duration of IR-UWB signal, A, its amplitude.
The spectrum of the IR-UWB signal on Fig.9 (dashed

line) is presented on Fig.10. Its bandwidth at -10
dB level is about 2.2 GHz, that is from 0.3 to 2.5 GHz.

Output power, dBm

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Frequency (MHz)

Fig.10 Monocycle spectrum at the output of the IR-UWB
signal generator

UWSB signals receiver with antenna decoder

The discrete nature of the IR-UWB signal with the
encoding of information symbols by PPC allows to
receive and decode signal at the input of the receiver by
means of an antenna whose design is corresponds to the
time structure of the signal. Fig.11 shows the receiver
circuit with such antenna.

DATA
g

THRESHOLD!

Fig.11 UWB receiver with decoding antenna

The received signal propagates along the antenna,
which is a feeder line with ultrawideband vibrators
forming dipoles connected to it. The feeder line plays
the role of a combiner of the correlator, the vibrators are
taps of long line, in this case — signal injecting.

In time, a signal of duration T can be represented as
a pseudo-random sequence of n pulses o, coded in
accordance with subscriber’s PPC:

x(t)= Zrla(t—tn) )

When the signal propagates in the free space, the
distance between the pulses will be

r=c(t,-1,,). 3)
where ¢ is the speed of light. The distance between
neighboring vibrators in the antenna also should be

equal to these values. If the antenna is made in a
medium with a dielectric constant & greater than 1, then

the distances must be reduced by \/E because of the
slowing of the signal propagation in this medium.

)
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The position of the dipoles (distances between
them) corresponds to inverse time domain position of
impulses of the signal in the feeder, i.e. PPC, taking
into account the propagation slowdown in the feeder.
Thus, the antenna is a filter matched to the signal.

With a temporary mismatch, the antenna generates
noise at the output of the feeder line, which reflects the
separate excitation of the vibrators by the pulses of the
signal. When the structure of the signal coincides with
the antenna structure, a pulse appears at the output of
the feeder line, corresponding to the sum of the voltages
in the vibrators (correlation peak) caused by the
coincidence in time of excitation of all or most of the
vibrators. In a simplified form Fig.12 illustrates noise
and the correlation peak at the output of feeder.

The signals at the output of the antenna feeder are
amplified by a low-noise amplifier, squared to obtain an
unipolar voltage, and fed to a decision device with a
pre-set or adjustable threshold. Exceeding the threshold
by the output of the squarer, causes a pulse at the output
of the receiver, informing about the reception of a bit of
the given antenna code.

The antenna in the horizontal plane has a one-way
"information" direction in the form of a one-sided lobe
of the dipole antenna, i.e. reception of the information
with asymmetric PPC can be received only from one
side. The energy pattern corresponds to the dipole
pattern (Fig.13).

Threshald

AN A AT A A

Fig.12 Signals at squarer output

Fig.13 Bow-tie antenna (a) and its radiation pattern

Consider in details the principle of receiving the
PPC address sequence of IR-UWB signals by a

subscriber station, consisting of an antenna and a
receiver. Let this sequence in the time domain consists
of N = 10 time intervals of duration T = 0.5 ns each, in
which, depending on the subscriber's address,
elementary IR-UWB signals in the shape of a Gaussian
monocycle are located. The general graphic view of the
PPC address sequence is shown in Fig.14.

1 2 3 4 5 6 7 8 9 10

0 05 1 15 2 25 3 35 4 45 5
t, ns
Fig.14 Waveform of PPC address sequence of an individual
subscriber

Mathematically, the above PPC address sequence
can be represented as formula

S (1) = ZglaiV(t ~it)> “)

where a; are the coefficients of column vector A, which
characterizes the position (presence or absence) of
IR-UWB pulses in a particular time interval of the
address sequence; V(t) is Gaussian monocycle formula
in time domain, which can be represented as

V(t)=-F, Ve, (t-0.517)- ef[k??] ; 5)

T

0

where V= 1 V is the amplitude of the monocycle;

T, =1T/2m is a parameter that determines the duration

of'a monocycle.
The column vector A for the address sequence
shown at Fig.14, can be expressed as:

A=(1 100100111, (6

In order to receive the address sequence shown in
Fig.8, according to the proposed receiving principle, a
traveling wave antenna should be used in which the
spatial arrangement of individual dipoles (for example,
a bow-tie antenna presented at Fig.13) corresponds to
the inverse time arrangement of IR-UWB signals in the
structure of address sequence. It means that the first
antenna dipole (call it Ajg) corresponds to the 10th
IR-UWB (Fig.14), the second antenna dipole (Ay)
corresponds to the 9th IR-UWB, the third antenna
dipole (Asg) corresponds to 8th IR-UWB, the 4th
antenna dipole (As) corresponds to the 5th IR-UWB,
the 5th antenna dipole (A») corresponds to the 2nd
IR-UWRB, the 6th antenna dipole (A;) corresponds to
the 1st IR-UWB.

Note that the number of dipoles in the antenna
corresponds to the number of active IR-UWB signals.
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For the address sequence in Fig.14, the number of
active IR-UWB signals is six, hence the antenna should
also have six dipoles. The block diagram of radio link
with address sequence decoding in the antenna (antenna
decoder) shown at Fig.15.

Al Ay As As A Al

177 ¥ 1V
diog| dios

dio2

Receiver

dio.)

Fig.15 Block diagram of radio link with PPC address
sequence decoding in the antenna

According to above mentioned, the spatial position of
the dipoles can be calculated by the following formula:
dy ;= C.Arlo—i/f > @
where ;=19 is index; ¢ = 3-10° m/s is velocity of
electromagnetic waves, ¢ is the dielectric constant of
the feeder material of antenna (for example, for
polyethylene & =2.3); Az, , is time delay between 10th

and i-th IR-UWB signals in the address sequence. In
this case, we get that Atjo9=1=0.5ns; Atjo-s=21=1Ins;
Ati05=51=2.5ns;  Ati10o=81=4ns;  Ati-1=91=4.5ns;
d1o.9z 10 cm, (11().8Z 20 cm;, d10.5 ~ 50 cm, d1o.2z 80 cm;
d1o_1 ~ 90 cm.

Then, mathematical formulae of signals at the
outputs of respective dipoles of receiving antenna
(ignoring propagation delay of the electromagnetic
wave and losses in the free space between the
transmitter antenna and the 10th (i.e. most closest
dipole to antenna) dipole and without taking into
account external noise) can be presented as:

9
S, () =8, (t-Atyy ) =YaV(t-it-(N-kyr)> (&)
i=0
where k =1,10 is number of antenna dipole (in this case
in accordance with Fig.15 k is equals to 10, 9, 8, 5,
2, 1).
Then, the total signal that goes to from antenna
output to receiver input will be described by formula
10 10 9
N=>8,(1)=Y.YaV(t—i-t-(N-k))> )
k=1 k=1 i=0
Fig.16 shows the waveforms calculated according to
formula (9). Analysis of waveforms presented on Fig.16
shows that coherent accumulation of IR-UWB signals
occurs in the antenna. As the result of accumulation, at
certain instants we have a total signal with the
maximum positive and negative peaks equal to 6 and -
6 V at the receiver input respectively. Since the
subscriber receiver has a squarer device, we get that the
signal at the output of this device can be analytically
represented in the form

Szz (I)ZS?: (t) (10)
Fig.17 shows signal waveform at the output of the
squarer device. As can be seen from Fig.17, there are
two peaks with the amplitude of 36 volts?, as well as
side peaks with the amplitude of 9 volts’>. To smooth
out the signal at the output of squarer, signal passed
through a low-pass filter (LFP) with an impulse
response g(z), for example an RC filter. Then, the signal

at the output of the LPF can be represented in the form

ISH g(t—r)dr- (11)

For RC filter, the impulse response has the form

(12)

g(t)z[lrl‘e_":“]a(t)’

where  t1,.=RC is filter time constant;o-(t) is

Heaviside function
0, <0

U(t):{l, 120

30(
>02
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“0051152251?5445555663775885))510

20(,
[=}

Z 02
S0z
L6

1o 05 1 15 2 25 3 35 4

(13)
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Fig.16 Waveforms of signal at the output of antenna dipoles
and input of receiver
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Fig.18 shows signal waveform at the output of the
LPF at R =200 ohms, C =1 pF. According to Fig.18,
having set the threshold level U, = 12 volts®, we see a

clearly expressed peak of signal that exceeds the preset
level. Consequently, the receiver decision device for a
given antenna configuration will register the PPC
address sequence that is intended for this receiver.

36

Sea(t). volts®

0

0 05 1 15 2 25 3 35 4 45 5 65 7 75 8 85 9 9510

t,ns

Fig.17 Signal waveform at the output of squarer device

55 6

It is interesting to research waveform of signal at
the receiver decision device when receiving the
subscriber's PPC address code, the structure of which is
inconsistent with the antenna construction shown at
Fig.15.

Sya(t), volts®
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0 05 1 15 2 25 3 35 4 45 5 55 6 8 85 9 95 10

t.ns

Fig.18 Signal waveform at the low pass filter output

65 7 1715

Let the column vector A, of the coefficients is
equals to

4=001101100 0" (14

Fig.19 shows waveform of this PPC address code,
Fig.20 shows the total signal level at the receiver input,
and Fig.21 shows signal level (after LPF) at the input of
the decision device.

Sab(t), volts
\

0.5 1 1.5 2 25 3 35 4 45 5
t, ns

Fig.19 Waveform of the address code

Comparing Fig.21 with the threshold value

U, = 12 volts?, we see that the signal lies below this

level, and therefore it is not registered by the receiver
decision device, since it is intended for another
subscriber.
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Fig.20 The total signal at the receiver input (antenna output)
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Fig.21 Signal at the input of the decision device

Let's take one more PPC address sequence. Let the
column vector Az of the coefficients take the following
form:

4=1010101010) (15)
Fig.22 shows waveform of this address code according
to (15), Fig.23 shows the total signal at the receiver
input, and Fig.24 shows signal level (after LPF) at the
input of the decision device

1
0.6|
0.2|
0.2|
- 0.6
0 0.5 1 1.5 2 2.5 3 35 4 45 5

t, ns

Fig.22 Waveform of the address code

Sav(t).
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15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9
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Fig.23 The total signal at the receiver input (antenna output)

005 1 95 10
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Fig.24 Signal at the input of the decision device

To 05 1 15 2 25 3

Comparing Fig.24 with the threshold value
U= 12 volts®, we see that this signal also lies below

this level, and therefore it will not be registered by the
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receiver decision device, since it is also intended for
another subscriber.

It should be noted that all the results presented in
this section are obtained for free space, that is,
assuming the absence of multipath propagation of radio
waves, the energy absorption of signals in the
atmosphere, as well as the coincidence of the
polarizations of the transmitting and receiving antennas.

Conclusion
A method for receiving, transmitting and
retransmitting UWB impulse signals with Pulse

Position Coding is proposed. The discrete nature of
these signals allows them to be decoded directly by the
receiver antenna, which design matched to the signal.

Also, the example of IR-UWB signal generator
simulation with usage of AWR Microwave Office CAD
was considered.

The transmission of IR-UWB signals with its
simultaneous PPC coding can be accomplished by
impulse excitation of a multi-element antenna with a
predetermined arrangement of vibrators from the output
of IR-UWB signal generator. The combination of the
receiver and the transmitter allows implementing a
repeater with or without changing the signal code.

The above mentioned theoretical results of antenna
decoder operation simulation for PPC address sequence
detection, which consists of the set of IR-UWB signals,
show the possibility of PPC sequence registering in the
subscriber's receiver decision device only in the case of
a clearly defined number and position of antenna
dipoles in the receiving antenna design. Thus, it is
possible to detect the PPC address codes of different
subscribers only by changing the design (mutual
position and quantity) of the antenna dipoles without
changing the receiver structure (that is, all subscribers
use the same type of receivers, which is an advantage of
this method of signal reception).

The issue of sending and receiving signals of log.
“1” and log.”0” for each of the subscribers remains
open, if each of them is coded by its set of IR-UWB
signals. The authors suppose that in this case each
subscriber needs to send two address codes: one for
log.”1” and the second for log.”0”. However, in this
case, the antenna of each of the subscribers must
consists of two antennas (or one combined), each of
which is configured to receive its PPC address code
corresponding to either log.”1” or log.”0”. Obviously,
there will also be two independent processing paths
with their amplifiers, squarer devices, filters, etc.

With increasing the numbers of subscribers, it is
necessary to increase the length of the PPC subscriber
address code. This leads to antenna decoder design
complication of and enlargement of its linear
dimensions for each subscriber.

Unlike the case with one subscriber considered here
is further interest to conduct theoretical studies and
simulate the operation of the antenna decoder of a
particular subscriber in the presence of electromagnetic
fields intended for other subscribers, in other words,
under the influence of other subscriber signals on the
receiving antenna decoder.

The proposed idea is conceptual. Its realization will
give an opportunity to offer new technological solutions
for the creation of next-generation radio
telecommunication systems, particularly in the terahertz
frequency band. The paper does not reflect issues
related with signal distortions due to the non-ideality of
the characteristics of circuit elements in ultrawideband
signal processing path.
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Aeoeenko I'.JL., , Hapumnuk T. M.

IlepenaBanus Ta npuiiMaHHs HAZIMIHPOKOCMYTOBHX CHTHAJIB, 1110 32CHOBAHi HA 1€KOyBaHHi 3 BHKOPHCTAHHIM
aHTeHH

ITpoGiemaTnka. 3anponoOHOBAHO HOBY i/I€I0 3 TIEpeaBaHHs Ta MPUHMAHHS HAaIIMPOKOCMYTOBHX CHTHAJIB IMITyJIBCHOTO
pajio i3 3aCTOCYBaHHSIM KOXyBaHHS TojokeHHs iMmmynscy (PPC) B mepenmaBanbHii CTaHINI 1 JEKOAyBAaHHS 32 JOTIOMOTOIO
aHTeH! B TpHManbHi cTaHmii. OnucaHo MpuiiMabHy CTaHINIO, sSiKa 3a0e31euye JeKOIyBaHHS HaITMPOKOCMYTOBOTO CUTHATY
y Burisiai PPC Tinbku 3 BUKOPHCTAHHSAM MPUIMATbHOI aHTEHH, IO 3/iHCHIOETHCA 3@ PaXyHOK MPOCTOPOBOTO Y3TOMXKEHHS ii
KoHCTpYKIii 3 PPC agpecHuM K0J0M OKpeMo 00paHOro abOHEHTA.

Merta nocainkenb. Po3kputy ifero nepegaBaHHs Ta MPUIMaHHS HAJIIHPOKOCMYTOBHX CHTHAIIIB Ha OCHOBI 3aCTOCYBaHHS
METOy aHTeHHOTO JekoxyBaHHsS PPC agpecHOro xomy okpemo B3STOro aOOHEHTA.

Metoauka peaJisauii. [Ipoeneno komMm'toTepHe MOJETIOBaHHS T€HEPaTOpa HAAMINPOKOCMYTOBOTO CHIHAIY IMITyJIBCHOTO
pagio 3 BukopuctanHsM CAITP AWR Microwave Office. [{ng ommcy uacoBux (opM HaJUIMPOKOCMYTOBOTO CUTHANY Ha
BUXOJIi aHTEHHHX JIUIIOJIB 1 B MpUHMayl BAKOPUCTAHUI MaTeMaTHYHHI anapar.

PesyabTaTn pocaimkenb. Pe3ynbTaTH KOMI'TOTEPHOTO MOJIEINIOBAHHS T€HEpaTopa Ha/IIMPOKOCMYTOBOTO CHIHATY
IMITyJIbCHOTO pajiio Ha 0a3i Ai0Ja 3 HAKONMYEHHSM 3apsiy MOKa3yloTh MOKIMBICTb FeHEPYBaHHS Ha HOr0 BUXOJI CHTHANY 3
TPUBATICTIO MeHIIO 3a |1 HC B cMy3i yacTtoT 0,3 - 2,5 I'T i ammitynoro, mo e nepepuinye 0,3..0,45 B. Maremarnuna
MoJjienb Ta rpadiky GyHKIIH HAAIIHPOKOCMYTOBOro curHaity y Burisiii PPC nosiCHIOIOTh MeTO/1 aHTEHHOTO JiekoayBanHs PPC
aJIPECHOTO KO/ly OKPEMO B3SITOr0 aOOHEHTa B PUAMabHI CTaHIII.

BucHoBKH. 3anporoHOBaHa ifes € KOHUENTyalbHOW. Ii pearizallis HagacTh MOMIMBICTb 3alpOTNOHYBATH HOBI
TEXHOJIOTIUHI PIIIeHHS I CTBOPEHHS OE3JPOTOBUX TEIEKOMYHIKAIIHHAX CHCTEM HACTYITHOTO TIOKOJIHHS, 30KpeMa B
TepareprieBoOMy Jliana3oHi.

KurouoBi cioBa: HaAmIPOKOCMYTOBHIA; IMITYJIBC; IEpeAaBay; MpHitMayd

Aeoeenko I'.JL, , Hapoimnuxk T. H.

Ilepenaua u npueM CBEPXIIHPOKOMOJIOCHBIX CUTHAJIOB, 0OCHOBAHHBIE HA IeKOJAMPOBAHUY C HCIOJIb30BAHUEM
AHTEHHBI

IMpodaemaTtuka. [Ipemioxkena HoBas uies 1O Mepeaue v MPUEMy CBEPXITHPOKOMOIOCHBIX CHTHAIOB UMITYJIbCHOTO PAJIHO
C IPUMEHEHHEM KOAUPOBaHUs MoiokeHust uMmmynbca (PPC) B mepenaromieii cTaHIuK U 1€KOJUPOBAHUH C IOMOIIBIO aHTCHHBI
B TpHeMHOH craHmuu. OmucaHa MpuUeMHasl CTaHIHS, KOTopas oOecreurBaeT JCKOTMPOBAHUE CBEPXIIMPOKOMOIOCHOTO
curHana B Bujae PPC TompKo ¢ HMCMOJb30BaHWMEM IMPUEMHON AHTEHHBI, OCYLIECTBIISIEMOTO 3a CUET MPOCTPAHCTBEHHOTO
cornacoBanus e€ KoHCTpyKimu ¢ PPC afpecHbIM KOJJIOM OT/AENBHO B3SITOTO a0OHEHTA.

Heab ucciaenoBanmii. PackpbiTh uer0 mepeaayn U npreMa CBEPXIIMPOKOMOIOCHBIX CUTHAJIOB HA OCHOBE MPUMEHEHUS
MeToJa aHTeHHOro JexoaupoBanus PPC agpecHoro koja OTAENBHO B3SATOTO a0OHEHTA.

Metoauka peajusanuu. [IpoBeneHO KOMIBIOTEPHOE MOJECTMPOBAHUSI T'€HEPaTopa CBEPXUIMPOKONONIOCHOTO CHIHAlA
UMITyJbCHOTO paano ¢ wucnonb3oBanueM CAITP AWR Microwave Office. [Insg onucanus BpeMeHHBIX (QOpM
CBEpXIIMPOKOIOIIOCHOTO CUTHAA Ha BHIXOJIE aHTEHHBIX AUIOJIEH U B IPUEMHMKE HCII0JIb30BaH MaTeMaTHUECKUI anmapar.

PesyabTaTbl ucciaenoBaHuii. Pe3ynabTaThl KOMIIBIOTEPHOTO MOJEIMPOBAHUS TEHEPATOpa CBEPXLIMPOKOIMOIOCHOTO
CUTHajJa MMITyJbCHOTO Paauo Ha 0a3ze AMOJa ¢ HAKOIUICHHEM 3apsfa MOKa3bIBAalOT BO3MOXKHOCTb I'€HEPUPOBAHMS HA €ro
BBIXOJI€ CHT'HaNa C JAJIMTEIbHOTHI0 MeHee | He B nmojoce yacToT 0,3 — 2,5 I'T'n u ammmutyjoi, He npesbimatomieit 0,3..0,45 B.
Maremarndeckast MOJelb U rpaduky (GYHKIUHA CBEPXIIMPOKOIIONIOCHOTO cHrHana B BuAe PPC MOSCHSIOT METOI aHTEHHOTO
nexoaupoBanus PPC ajpecHOro kojia OTIeIbHO B3ITOT0 aDOHEHTA B IPHEMHOM CTaHIINH.

BoiBoasl. [IpemnokeHHas uuest sBiseTcs KOHUENTyanbHOW. Ee peanmsanust nath BO3MOXKHOCTH TPEAJIONKHUTH HOBBIC
TEXHOJIOTHYECKHE PELICHUs JJIsl CO37aHusl OECHpPOBOIHBIX TEICKOMMYHHKAIIMOHHBIX CHCTEM CJIEIYIOLIEr0 MOKOJICHUS, B
0COOCHHOCTH B TEparepIioBOM JHana3oHe.
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