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It is shown that the solution to the problem of detecting explosive devices
placed in the soil column, it is advisable to use methods for radar sensing of
complex signals. The necessity of minimizing noise in the spectrum of the
emitted signal with the allowable values is proved. The investigation of the
nature and level of in-band distortion of the radiated signals to determine
the area and value of the minimum intensity distortion is carried out.
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Formulation of the problem. The implementation of the state policy
in the sphere of civil defence, prevention and liquidation of technogenic,
natural and military emergencies, both in peacetime and in special period, is
one of the main tasks of the SSES.

One of the reasons of military emergencies is unauthorized actuation
of explosive devices (ED). The problem of detection and neutralization of
munitions and weapons left after the Second World War, modern munitions
deliberately installed has a global, state character.

Analysis of recent research and publications. The solution to these
problems by traditional methods is ineffective. Search Systems — detectors
and sensors are currently used for the detection of explosive items, do not
provide the necessary probability of correct detection. [1, 2]

In these conditions, for the detection and recognition of the
considered objects, it is possible to apply radar sensing with complex
signals, synthesized on the basis of the digital analog method [2, 3].
However, high level of noise in the spectrum of the reflected signal due to a
number of natural factors [3], reduces the probability of detection and,
therefore, limits the use of radars. One way to reduce the noise level in the
spectrum of the reflected signal is to minimize the distortion level in the
spectrum of the radiated oscillations to acceptable values [3].

Statement of the problem and its solution. For synthesis of signals
with allowable level of distortion, devices of narrow-band tracking filter are
used [3]. However, the capability of tracking filters to reduce the level of
distortion of the synthesized signals are not unlimited and are 15-30 dB
when passband of less than tens-hundreds kHz [3]. In this connection, it is
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necessary to explore the nature and in-band distortion level of the radiated
signal. The purpose of research is to identify areas and the value of the
minimum intensity of distortion. It is necessary to enhance the probability of
detection of explosive devices using radar sensing.

In a software synthesizer of the computing type in discrete moments
of time t=i/f; codes instantaneous values of the phase of the generated
signal — K,(1) — are determined. A transformation phase code K (1) in codes
instantaneous values of voltage K,(i) is carried out in accordance with the
functions of sine or cosine by using trigonometric converter.

As a result of the operation of synthesizer signals are generated codes
of the instantaneous values of voltage K,(i) and as a result of the digital to
analog conversion - quantized voltage U(t). Real and imaginary parts of
spectral components of the synthesized signal is calculated by means of
Fourier analysis algorithm - a Fast Fourier Transform (FFT)

N . .
Re(G(m)) = (U(i) coslfl’% +U (i)sin %\%)
1=0
8 2pmi * 2pmi
Im(G(m))= 2 —U(i)sin—pN—+U (i)cos—fl)\I— , (1)
1=0
where m = 0,1,... — counts of FFT

For determination of spectral density power of phase noises of com-
plex signals - G,(m) - we use the expression

2 2
Gu(m)=\ﬂGu(m)\ =\Guﬂ(m)-Gup(m) , 2)

where Gun (m) — values of coefficients of a phase-frequency spectrum of an
ideal signal; Gup (m) — values of coefficients of a phase-frequency

spectrum of an real signal.
To get Go(m) use the recording of the spectral density through its
modulus and argument

Gu(m)=|Gu(m)|-exp(-j- G (m)); Gp(m)=Gp(m)[-exp(-j-G, (m)). (3)

As a result of the multiplication of a spectrum Gg(m) of ideal
oscillation and a complex-conjugate spectrum Gp*(m) of the real signal we
receive

G(m)= |Gu(m)|-exp(-§-G __ () ) |Ge(m) exp(- G, (m) )=
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=[Gu(m) Ge(m)-exp(-i (G, (m)-G, _(m)))= [Gm)-exp(- G, (m)). (4)

From the expression (4) find the spectral allocation of phase noise of
the output signal

Im(G(m))

Re(G(m))” )

I[GII (m)= GHH (m)- Gup (m) =arctg(

Using expression (2) we receive values of spectral density power of
phase noises G,(m). The spectral density of power of frequency noise Gy{(m)
is characterized as an average square of deviations of frequency of a signal
from her nominal value under the influence of noise at an analysis frequency
F., in a band of frequencies Af. The spectral density power of the frequency
noise is found from the expression (6)

Gi(m)= G,(m)-F,,". (6)

An analysis frequency Fm is calculated from the expression
Fm=(i-n/fr), where n- quantity of counts of FFT. Then the expression (6)
takes the form

Gi(m)= G,(m)-(i-n/ f,)". (7)

As a result of the simulation found, that the spectral allocation of dis-
tortion of complex signals, synthesized by the shapers of search systems, has
an uneven character. Research of in-band distortion level of the considered
signals allowed to define area of the minimum intensity of distortions, which
is located at the distance of 200 kHz from main frequency. At a distance of
more than 200 kHz from the main frequency distortion level is increased by
15-20 dB, what does use of a tracking filter of a search system less effective.

Conclusions. In the construction of devices for the formation of com-
plex signals for search system, which solve problems with detection of ex-
plosive objects, it is necessary to consider width of area with the minimum
intensity of distortions in the choice of passband active tracking filter. It will
allow the most effectively to use possibilities of devices of narrow-band
tracking filtering to reduce the distortion level of the synthesized signals
and, as a consequence, to increase probability of detection, identification
and accuracy of determination of explosive devices coordinates.
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A.Bb. ®emenko, €.€. Ceneenko, O.B. 3akopa, /1.JI. Coxonon

Pe3ysnbTaT 10CHII)KEHHS CMIOTBOPEHb CUTHAJIB NPH PaaiojioKaliiiHOMY 30-
HAYBaHHi BUOYXOBHMX NPHUCTPOIB B TOBIII IPYHTY

[TokazaHo, 1110 py BUPIIIEHH] 3a/1a4i BUABIECHHS BUOYXOBUX MPUCTPOIB, AKi PO3-
TAIIOBaHi B TOBILI IPYHTY, IOLIJIFHO BUKOPUCTAHHS METOMIB Pa/IiOJIOKAI[IITHOTO 30HIY-
BaHHS 13 3aCTOCYBAHHSIM CKIaJAHUX curHaniB. OOrpyHTOBaHO HEOOXiTHICTh MiHiMi3allil
PiBHS IIyMiB B CIIEKTPi CUTHAJY, IO BHUIPOMIHIOETHCS, 0 AOMYCTUMHX 3Ha4eHb. [Ipo-
BEJICHO JOCHIKEHHS XapaKTepy 1 piBHS BHYTPIIIHbOCMYTOBHX CIIOTBOPEHb CHUTHAIIB,
10 BHIPOMIHIOIOTECS, 3 METOIO BU3HAYCHHS 00JIACTI 1 BEJIMYMHHU MiHIMAIBHOI IHTCHCHB-
HOCT1 CTIOTBOPEHB.

KurouoBi ciioBa: pagionokaiiiiiie 30H1yBaHHs, BAOYXOBI IPUCTPOI.

A.b. ®emenko E.E. Ceneenko A.B. 3akopa, [1.JI.Coxonos

Pe3yabTaThl HCCIEI0BAHUS UCKAKEHUH CUTHAJIOB MPH PaTHOJI0KAIHOHHOM
30HIMPOBAHMH B3PBIBHBIX YCTPOIMCTB B TOJIIE TPYHTA

[TokazaHo, 4TO mpU pelIeHUU 3aa4u OOHAPYKEHHs B3PBIBHBIX YCTPOWCTB, pac-
MOJIO’KEHHBIX B TOJIIIE TPYHTA, EIECOOOPA3HO MCIOIH30BAaHUE METOAOB PaJHOJIOKAIIN-
OHHOT'O 30HJIMPOBAaHUS C MPUMEHEHHUEM CIOXKHBIX curHanoB. OOOCHOBaHAa HEOOXOAU-
MOCTh MUHUMU3ALIUU YPOBHS IIYMOB B CIIEKTPE M3ITy4aeMOro CUTHaja JI0 JIOMYCTUMBIX
3HaueHuil. [IpoBeneHbl MccaenoBaHUs XapakTepa U YPOBHS BHYTPUIIOJIOCHBIX HMCKaXke-
HUH W37Ty4aeMbIX CUTHAJIOB C IENbI0 OMPEENICHUs 00IacTH U BEIMUYMHBI UX MUHUMAIIb-
HOW MHTEHCUBHOCTH.

KuroueBble cjioBa: paroioKallMOHHOE 30HAWPOBAHKE, B3PBIBHBIE yCTPOMCTBA,
BHYTPHUIIOJIOCHBIE UCKAKEHUSI CUTHAJIOB.
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