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Antenna with the dielectric width 1,575 mm showsdanatching qualities on the part of frequency from
6,2 GHz to 20 GHz, but more uniform meaning SWR lbarseen on frequency 9,5 — 12,5 GHz.

Antenna with the dielectric width 2 mm shows goodteching qualities on the part of frequency from
6 GHz to 13,3 GHz and 17,6 — 20 GHz.

Antenna with the dielectric width 3 mm shows goodtching qualities on the part of frequency from
8 GHz to 12,4 GHz and 17,6 — 20 GHz and meaningr$$\thanging from 1,3 to 2.

In the antenna with dielectric thickness 1.575 rtim, reflection coefficient decreases from the anrde
of -3 dB at 2.5 GHz to -30 dB at 9.5 GHz.

With further increase in the frequency value of Sikks. The magnitude of the reflection coefficient
varies from -31 dB to -10 dB. at a frequency of @Hz an extreme point (minimum) with the valueSifl
exists.

In the antenna with the dielectric thickness of th,nthe reflectance decreases from the entrance of
-2.5dB at 2.5 GHz and -23 dB at 12 GHz.

With further rise in frequency the value of S11lwihcrease. The magnitude of the reflection coefit
varies from -23 dB to -15 dB. at 12 GHz. An extrgpaint (minimum) with the value of S11 exists.

In the antenna with a dielectric thickness of 3 rtim, reflectance decreases from the entrance dB-8t
2.5 GHz and 17.5 dB at 8.7 GHz. With further inseean frequency the value of S11 will increase. The
magnitude of the reflection coefficient varies frofiy.5 dB to -10 dB at a frequency of 8.7 GHz aad the
minimum point value S11.

In the course of the simulation it is set that:

—  The thickness of the dielectric base elliptical slotenna affects its band width. When the thicknes
of the band used tapers, set the optimum thickoédhe dielectric in which the antenna has the éagh
broadband, which is 1,575 mm. The operating frequdrand in this case is 6.2 — 20 GHz, i.e. bandtwisl
13,8 GHz.

—  The analysis showed that the thickness of the digtealso affects the directional properties dof th
antenna. Increasing the thickness of the dielet@ads to the expansion pattern diagram correspgndi the
smallest width of the substrate thickness 1,575 mvmen the level 2 equals to 0,707 and 80°. When the
substrate thickness of 3 mm is a division of theénmabe and 2 in the direction of the maximum okedr
failure pattern.

- As aresult of the simulation set the thicknesthefinsulator has an impact on the value of VSWR.
By increasing the thickness of the substrate magchroperties deteriorate and uneven frequencyresspSWR
increases significantly. Good agreement with treée link antenna is observed in the dielectrickihéss of
1,575 mm.
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METHOD OF ESTIMATING PROTECTION FROM SPEECH SIGNALS LEAKAGE
THROUGH LOW-FREQUENCY TECHNICAL CHANNELS OF INFORMA TION LEAKAGE
BASED ON THE CORRELATION FUNCTION

IRYNA BURACHONAK, VLADZIMIR ZHELEZNYAK
Polotsk State University, Belarus

There have been studied the parameters of a meagsbrioadband chirped signal in bands of equal
intelligibility and offered the estimation of prateon of informatization object from speech infotina leakage
through low-frequency technical channels of leakbgea broadband chirped signal based on the cotiata
function in the bands of equal intelligibility. Soa data for implementation of the method of ediimgathe
parameters of a broadband chirped signal on newgples in terms of influencing factors have bebtamed.
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The level of protection of informatization objest abjectively assessed by release of weak measuring
signals from the high level noise in channels a&fexih information leakage. To assess protectiomafiels of
speech information leakage harmonic signal is widedled as a measuring, substantiated correlat@orythof
speech intelligibility [1]. State standard RST 3LP9-2011 establishes the use of harmonic measmtem
signal when splitting the spectral density of theexh signal by 20 bands of equal intelligibilithe analysis of
the literature [1,2] showed, that the use of a lmamimsignal solves this problem with a high premisifrequency
resolution and high sensitivity. However, for a egle signal with a frequency range from 100 Hz tokHa
estimation by only 20 harmonic components does exatlude some methodological errors. Method for
estimating channels of speech information leakagérbadband chirp signal processing with time-fesgry
Wigner transformation [2, 3] excludes methodolobieearors, inherent harmonic signals and improves th
methodological precision, frequency resolution aadsitivity, which requires significant additionabcessing
time.

Theaim is to develop on a new principle the evaluatiorthoe of protection against leakage of speech
signals through the low-frequency technical chasmiélinformation leakage which is based on theeatation
function in terms of high level noise and othetughcing factors.

For this we have researched the characteristicparaieters of broadband chirped signal when isygjitt
the spectrum of the speech signal by 20 bands wdlaqtelligibility and assessed the impact of bage and
duration of the signal on sensitivity and accuracy.

The research of broadband chirped signal’s paramets in 20 bands of equal intelligibility. Unlike
harmonic signal a broadband chirp signal allowsrding the capabilities of protection evaluationspéech
and controls the deformation of the spectral dgrisithe bands of equal intelligibility, which tlpeech signal
spectrum is splitting, rather than at isolated tsom the real axis.

Using the expression of [4], 20 broadband chirmalg is formed and investigated in the bands ofkqu
intelligibility with various initial values of theibase and duration.

According to [5] initially baseB of signals is set as a permanent and the residémeeT, of every

single broadband chirp signal in the bands of equalligibility is determined for values of basg= 200, 500,
5000. It has been established that broadband cldmal has the smallest variations of frequencyiatien
Af,_, =140 Hz in the thirdN, band equal intelligibility, and the largeAf, _,,=2750 Hz — in the twentietiN,,
band equal intelligibility. Frequency deviation hdband chirped signal in the twentietd,, band equal
intelligibility is almost 20 times more than theefluency deviation of the signal in the thiN, band equal

intelligibility. This difference significantly affets the estimate signal formed for a constant vafumse.
If we talk about the total time of 20 broadbandrglsignals at the value of the bd&&e200, it is equal to
T =16,86 s. However, with this value of base it i$ possible to do evaluating in the band equal ligibility

in the same conditions, because the duration ofdivand chirp signal in the bar,, will be T,=0,07 s,
whereas, in the bandll, the duration of broadband chirp signal will bg=1,43 s, that means the difference in
energy of signal more than 20 times. In order t®sas broadband chirp signals in equal conditioilssngécessary
to use a constant value of base not less thaBthB000, however, at such value of base, the toted tf all 20
wideband signals in all bands equal intelligibiliggll be T, =421,79 s, that does not allow to achieveet
goal.

According to [5] and on condition, that the valdete signals duratiof, is set as a permanent, the base
value of every single broadband chirp signal intheds of equal intelligibility is defined for vas of signal
duration T,=1,2,4,6 s. According to the research it has beemd, that for duratioril,=4 s base broadband

otal

chirp signal in the third bandl, (the narrowest) is equal B =560, whereas, in the barid,, (the widest) base
is equal toB =11000. Increasing the base signal allows to reduedevel of oscillation of the spectral density
chirp signals in the last bands of equal intelligjpand does not change the quality of the aseess. Thus, the
total time equal in duration signals all in 20 bsued equal intelligibility isT,,,, = T,[20= 2[20=40 s when the

otal
duration of the signal =2 s and accordinglyT,..,, =80 s when the duration of the sigriak4 s.

The result of research broadband chirp signalQiténds of equal intelligibility with constant velof
base has determined, that with increasing bandwiliration of broadband chirp signals decrease uaing
broadband chirp signals with constant value of bas®t expedient. Proposed to use identical iratiiom and
having different values of base signals. This dye@duces the total time estimation of channeinéérmation
leakage.
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Parameter estimation broadband chirp signal based m the correlation functions. Analytical
description of signals and their spectra are thstimsportant and comprehensive characteristics lunhsignal
characteristics were obtained: the autocorreldtiootion (ACF) and the cross-correlation functi@Cf).

The autocorrelation function — a time function, ehiallows to estimate the level of similarity ofaw
signals and has the dimension of energy. ACF isrghw [4]:

R,(1)= ]:sl( ) s( 1) dt )

where s (t) u s,(f) — the input and output signats;— time shift between the signalg;z(r) — ACF of two
signals s (t) u s,(t). Function (1) further allows to estimate the legélsimilarity of two signals, as well as
their relative position on the time axis. At thendi, when the output signal(t) is the most similar to the input
signal s (t) , the correlation function will have a maximum. Twielth of this maximum — twice the length of the
initial pulse and is symmetrical about the ceritres (t) =s,(t) , the expression (1) fORLZ(T) is an expression
ACF of signals(t) =s () =s,(1):

R(1) = js(t) s(t-1) dt. (2)
Figure 1 shows the ACF and its envelope broadbdritp csignal with a frequencyf,=640 Hz
(Af =140 Hz, N,), base B=280 and durationT,=2s. ACF allows to assess the level of compliance

(correlation) signal with its time-shifted copy. & main property of the ACF — at time offsetequal to zero, it
defines the energy of signal.
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Fig. 1. ACF and its envelope of the signal at tiguit of channels of speech information leakage

The energy of the signal shows total energy retbasethe resistorR=10hm for a specified time.
Unjammable reception is possible on condition wtilennecessary energy of the desired signal in hienal
receiver is provided, and its magnitude is inuist increases with: increasing time signal praogssncreasing
the amplitude of the signg(t) ; expanding the range of the signal.

To estimate the parameters of the broadband clamalsat the output channel of speech information
leakage with high accuracy it is required to coesid random signal delay relative to input of theasuring
signal, due to its passage through the propagatedium and equipment delays. Even a small randday d®-
200 ms duration significantly increases the errothe estimate output parameters. The method basettie
estimation of parameters of the cross-correlati@iwben broadband chirp signal, passed through the
propagation medium with a specified delay, and meag broadband chirp signal eliminates errors eissed
with the delay of the signal in channels of speiaétrmation leakage. Figure 2) shows the ACF function of
the signal at the output of channels of speechrimétion leakage. Figure ®) — CCF function between the
measuring signal at the input and output signalshennels of speech information leakage. Randomydehe
is determined by the difference between the maxiratoms-correlation function between the signahatdutput
of channels of speech information leakage and migasibroadband chirp signal, and the maximum of the
autocorrelation function of the measuring broadbelnidp signal. This time span is the delay of theallband
chirp signal at the output of channels of speeftrination leakage.
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Fig. 2. The joint display ACF and CCF:
a) ACF signal at the output of channels of speeérination leakage;
b) CCF between the generated measuring signalhensignal at the output of speech information lgaka

Sensitivity defined as the ratio of change of ottpalue signal/noiseQ,, to the value signal/noise
Q, causes it to change the input signal. The depedefnihie output value of the signal/noise ratiorfrchange
of the input values of the signal/noise ratio carrdpresented by [6]:

Qout = f(Qm) ’ (3)

P . . . .
where Qm:(—s) — ratio of the power of the measurement signal ntise power at the input;
in

n

P,, P, — power of broadband chirp signal and power o$@oi
For broadband chirp signal in the bands of equelligibility Q,, is given by [6]:

Qui =2[E/N,, (4)

where E — the energy of the signal at the output of chasmmdlspeech information leakag®l, — power
spectral density of noise in the band equal igitdlility broadband chirp signal.

By the formula [5] on the basis of correlation ftinos were obtained results output parameters
broadband chirp signal in the banbs, , N,, and sampling frequenclf, = 44100 Hz.

The values of the ultimate sensitivity for eachband at a constant base vaBie= 200,300,500,600 was
obtained [5]. It has been established thaBat 200 in bandsN,, (T,=0,09 s,Af =2240 Hz),Ny (T, = 0,07 s,
Af = 2750 Hz), the signal is almost not detected. WVhkise B = 500 in bandsN;g (T,=0,22 s), Ny
(T, = 0,18 s) signal is detected, however, the systamvery low sensitivity. According to the resuifsthe
experiments, the optimum value of base in bawgsN,, should be not less than 5,000. If we consider the
ultimate sensitivity in other bands of equal ingghility, then at values of base above 500 theigalf maximum
sensitivity increases insignificantly, thus furthiecreasing the value of base is impractical, bseawith
increasing value of base, the total time of broadbehirp signals increases rapidly. In Figure 3vghahe
dependence of the coefficient of variation [7]lé imaximum sensitivity with a constant value ofebsignals.
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Fig. 3. Coefficient of variation of the maximum s#ivity of measuring instrument
output broadband chirp signals in noise at a cohsi@ue B
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Further values of the limiting sensitivity were ainied for eachk band with at a constant value of the
signal durationT,= 1, 2, 4, 6s [5]. Figure 4 shows the dependerfcth® coefficient of variation of the
maximum sensitivity with a constant value of signdliration. From Figure 4 it follows that under toadition
that the duration of the signal has a constantevahd the value of the base size is different &mheof thek
band, the coefficient of variation decreases wWithincreasing duration of signals.
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Fig. 4. Coefficient of variation of the maximum séivity of measuring instrument
output broadband chirp signals in noise at a cohstaue T,

To estimate the parameters of broadband chirp lsigneonditions of high-level noise, in order tovea
the total evaluation time of channels of speecbrimition leakage, it is reasonable to use 20 igsats in each
band of equal intelligibility duratioT, = 4 s. This time allows keeping as a constanttved earlier parameters

by maximum sensitivity, high accuracy and finaisture of the processed measurement signal.

It has been justified, that the method of assessmEmprotection against leakage of speech signals
through low-frequency technical channels of infotiova leakage based on the correlation functions of
broadband chirp signal for values of duratidn= 4 s provides the value of the maximum sensitiahd

accuracy in all bands of equal intelligibility, r¥eed earlier by method of assessing by broadbaimd stgnal
with processing time-frequency transformation Wigaad allows to simplify the procedure for autordate
measurements, reducing the time of security estimaif channels of speech information leakage iild@s.
Using a 20-broadband chirp signals, identical iratlan, but with different values of the base silews
to reduce time assessment in each band of eqedligiiility more than 5 times compared with theopessing
time of 20 broadband chirp signals with a constaaltie of base and the variable value of duratiometi
Considering the fact, that in assessing the priotecif channels of speech information leakage din@tion of
the formed measuring harmonic signal in each bédrdjoal intelligibility, is regulated’; = 1, 10, 25 s, then the

use of identical in duration (for exampl€, = 4 s) broadband chirp signals with different eatif bases, allows
to reduce assessment time in each band of eqedigittility from 6 s to 20 s.
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