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Application of digital waveform generation and signal processing technologies provides extensive opportuni-
ties for implementing radar probing pulses with various laws of frequency (phase) modulation (coding). With
the introduction of linear frequency-modulated signals into radio engineering systems, research was initiated
into reducing the peak level of side lobes in their autocorrelation functions, and this topic remains relevant
today. One of the approaches to reducing this level is based on the use of signals with nonlinear frequency
modulation composed of multiple segments. It has been established that, in order to avoid distortions in the
resulting signal, it is necessary to introduce compensating terms that account for frequency-phase distortions
at the first and subsequent junctions, as well as additional phase increments within the segments themselves,
starting from the second segment. This study is devoted to the development of a new mathematical model
of a three-segment signal consisting of a first segment with a square-root frequency modulation law and two
subsequent segments with linear frequency modulation. Such a signal provides a reduction in the peak side
lobe level compared to a classical linear frequency-modulated signal by 11.43 dB. A distinctive feature of the
proposed mathematical model is the definition and incorporation of new compensating components into the
expressions describing the second and third signal segments. The logic of the study determines the structure
of the work. The first section is devoted to an analysis of existing publications, which indicates a lack
of research in this direction, thereby confirming the relevance and necessity of the study, formulated in the
second section. The third section provides a theoretical substantiation of the main principles – identifying the
mechanisms of occurrence and deriving analytical expressions for compensating frequency-phase distortions
arising at the first and second junctions, as well as within the second and third signal segments, for the case
where the first segment has a nonlinear frequency modulation law and the subsequent two are linear. Further
research is planned to focus on assessing the feasibility and features of combined application of spectral and
time-domain window functions in radar signal processing.
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Introduction

Experience in the use of radar technology under mo-
dern conditions demonstrates the necessity of performi-
ng tasks in a complex signal-interference environment,
driven by the need to detect small-sized airborne
targets at extremely low altitudes in the presence of
intense clutter from local objects. Under such conditi-
ons, the problem of minimizing the Maximum Level of
the Side Lobes (MLSL) of the Autocorrelation Functi-
ons (ACF) of probing signals is of critical importance.
In this context, complex waveforms are widely used,
whose time – bandwidth product (i.e., the signal base),
defined as the product of pulse duration and signal
bandwidth, is given as 𝐵 = 𝑇𝑠 ·∆𝑓 > 1 [1–9].

One of the promising methods for reducing the
MLSL is the use of signals with Nonlinear Frequency
Modulation (NLFM), which are formed by combini-
ng several segments (two or more) with identical or
different Frequency Modulation (FM) laws. In this
case, the FM Rate (FMR) at one or both edges of
the signal is somewhat higher, resulting in unilateral
or bilateral smoothing of its Amplitude-Frequency
Spectrum (AFS) [3–7], which is equivalent to applyi-
ng weighted (window) processing in the time domain
[6–13].

The results obtained in [14–20] demonstrated that
in multi-segment NLFM signals, frequency-phase di-
stortions may arise both at the junctions and wi-
thin the segments following them, i.e., in the second
and subsequent segments. The occurrence of such di-
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scontinuities leads to distortion of the oscillogram and
the AFS of the resulting signal and, consequently,
may result in an increase in the MLSL of ACF.
To compensate for such frequency-phase distortions,
compensating terms are introduced into the description
of the instantaneous phase and frequency of the signals
when using Mathematical Models (MM) in continuous
time, or only into the phase description in the case of
time-shifted MM.

It is evident that smooth shaping of the AFS provi-
des better MLSL reduction performance, therefore, it is
desirable to ensure a nonlinear variation of the FMR at
the edges of the AFS. However, in this case, the process
of determining compensating terms for seamless sti-
tching of segments becomes more complex, since their
FMR laws differ, and the FMR of preceding segments
induces additional phase increments in all subsequent
segments [14].

In this context, the present work investigates the
possibility of seamless stitching of a segment with
nonlinear FM with two subsequent segments having
linear FM, with a gradual increase in the FMR.

1 Analysis of Research and

Publications

The development of radar signals with intra-pulse
frequency (phase) modulation, also referred to as
complex signals, has laid the foundation for the wi-
despread implementation of solid-state radar transmi-
tters and the creation of active phased array antennas,
which are now the basis for constructing radio-
technical systems of various purposes [1–9]. Complex
probing signals make it possible to ensure the required
power of the probing pulse by increasing its duration,
while subsequent pulse compression in a matched filter
allows achieving the desired range resolution.

The main drawback of complex signals is the relati-
vely high MLSL of their ACF, which generates additi-
onal clutter in the presence of reflections from local
objects and masks echo-signals from small airborne
targets when strong targets with large radar cross-
sections are present nearby [1–9,15].

The relevance of the problem of further MLSL
reduction has remained high for many decades. To
address it, the use of NLFM signals has been proposed
by the authors in [7, 14–43]. Historically, NLFM si-
gnals were first introduced in air surveillance systems
[3, 4, 6–30], and research in this area continues acti-
vely [13,31–40]. For this purpose, NLFM signals based
on both Linear Frequency Modulation (LFM) and
NLFM fragments have been proposed in [14, 16, 18–
20, 22, 25–27, 30, 33–35]. In studies [14, 16, 18–20, 27],
the characteristics of such signals were compared with
those of the classical LFM signal. The LFM signal was
selected as the baseline model for comparison because
it is the most widespread and commonly accepted

waveform in radar practice [1–9], thereby enabling
consistent comparison of results from different studies
with respect to a unified reference signal.

The development of cognitive radars has driven
studies of the impact of Doppler frequency on echo-
signal processing results in radar systems employi-
ng NLFM signals [41–43]. The problem of ensuring
electromagnetic compatibility between both like-type
and different-type radio-technical systems also remai-
ns relevant, for which a set of measures is proposed
[44–47] aimed at controlling and reducing out-of-band
emissions.

Research on the implementation of NLFM signals in
radio-technical systems is focused on the development
of new and improvement of existing MM, consideri-
ng both single-segment [6, 21–24] and multi-segment
[7, 14–20,22,25–28] configurations.

A distinctive feature of [14–20] is that the developed
MM of NLFM signals include terms compensating
for instantaneous frequency and phase discontinuiti-
es at segment junctions, as well as additional phase
increments within the segments themselves, which
ensures a reduction in the MLSL of the ACF of such
signals. MM of an NLFM signal composed of a Square-
Root Frequency Modulation (SQFM) segment and a
LFM segment [16], as well as a signal composed of three
LFM segments [18], have already been studied.

The conducted analysis shows that a signal consisti-
ng of an initial SQFM segment followed by two LFM
segments has not been investigated in the context of
compensation of the resulting frequency-phase distorti-
ons in existing studies.

2 Formulation of the research

task

The aim of the work is to reduce the MLSL of
the ACF of radar signals by introducing an NLFM
signal based on a new MM in continuous time. In
contrast to the already developed MM of three-segment
signals with LFM segments, the introduction of a nonli-
near FM segment necessitates deriving new expressions
for calculating compensating components of frequency-
phase distortions that arise at the junctions and within
the segments themselves.

Achieving the objective of developing a new MM
involves the following interrelated subtasks:

– determining the specific features of the processes
of formation and compensation of frequency
and phase distortions in the MM in continuous
time of NLFM signals whose segments have
heterogeneous FM laws;

– developing an MM in continuous time of
an NLFM signal formed by the sequential
concatenation of a SQFM segment and two linear
FM segments, i.e., a SQFM–LFM–LFM signal;
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– analytically investigating the characteristics of
frequency-phase distortion formation at the
junctions between segments in the SQFM-LFM-
LFM signal;

– deriving mathematical expressions for the
SQFM-LFM-LFM signal describing compensati-
ng components of instantaneous frequency and
phase distortions arising at the junctions and
within the segments, starting from the second
segment;

– studying the new MM through comparative ana-
lysis of results obtained using it and data from
existing sources or previously developed similar
MM;

– verifying the validity of the obtained results
through analysis of graphical materials confirmi-
ng the achievement of the stated objective.

The sequential implementation of the formulated
tasks ensures a step-by-step realization of the research
objective – reduction of the MLSL of ACF of NLFM
signals by combining different-type segments and
compensating for the resulting frequency-phase di-
stortions.

3 Description of the Research

Material

3.1 Features of the occurrence and

compensation of frequency-phase

distortions in the continuous-time

MM of an NLFM signal in the

presence of segments with different

FM laws

In [14–20], it was shown that frequency and phase
discontinuities may occur at the junctions of NLFM
signal segments, caused by changes in values or the
emergence of a new higher-order derivative of the
instantaneous phase at the moments of switching the
FM law.

The most extensively studied are NLFM signals
composed of LFM segments [18,25,26,28]. In this case,
the absence of phase discontinuities can be ensured by
generating an integer number of radio-frequency osci-
llation periods within each segment, which guarantees
identical zero values of the instantaneous phase at
their junctions [17]. This case is a particular one, in
general, the phase values at segment boundaries are
nonzero and different, which leads to the occurrence of
discontinuities.

In [14], it was shown that when transitioning to
each subsequent segment, it is necessary to account for
the impact of instantaneous phase discontinuities that
arise at all previous segment junctions. The study was

performed for an MM of an NLFM signal composed
of five LFM segments; however, this property mani-
fests itself regardless of changes in the FM law of the
segments.

Taking the above into account, let us formulate
the features of MM synthesis for multi-segment NLFM
signals composed of segments with different FM laws.

The main source of frequency-phase distortions
in the MM of multi-segment NLFM signals is the
instantaneous phase discontinuities at the moments of
transition from one segment to another, which cause a
stepwise change in frequency:

𝛿𝑓𝑛 =
𝛿𝜙𝑛

𝑑𝑡
(1)

and the magnitude of the phase discontinuity is
determined as the difference between the initial phase
𝜙𝑆𝑛 of the subsequent n-th segment and the final phase
of the previous n-1 segment 𝜙𝐸𝑛−1:

𝛿𝜙𝑛 = 𝜙𝑆𝑛 − 𝜙𝐸𝑛−1. (2)

Frequency-phase distortions at segment juncti-
ons also manifest themselves as additional phase
increments in all subsequent segments, and neglecting
these increments leads to an increase in the frequency
deviation of these segments. In other words, if duri-
ng the synthesis an NLFM signal is obtained wi-
th a frequency deviation higher than the specified
one, despite compensation of frequency and phase di-
scontinuities, this indicates that such additional phase
increments have not been taken into account.

These features are general for multi-segment NLFM
signals for any combination of FM laws in the segments,
therefore, they are applied to the development of a
continuous-time MM with square-root and linear FM
laws, and the obtained results are compared with
simulation results of a classical LFM signal and a previ-
ously developed LFM-LFM-LFM signal with identical
time-frequency parameters.

3.2 Synthesis of a continuous-time MM

of a three-segment NLFM signal of

the SQFM-LFM-LFM type

As initial models, we use the MM of a two-segment
NLFM signal SQFM-LFM [16] and the three-segment
LFM-LFM-LFM signal [18]. Taking into account the
previously discussed features, the new MM of the
three-segment signal cannot be obtained by a di-
rect combination of the two mentioned MM, since
frequency-phase distortions at the junction between
the SQFM and LFM segments will manifest themselves
in the third LFM segment.

Let us consider in detail the continuous-time MM of
the two-segment NLFM signal SQFM-LFM, proposed
in [16].



36 Kostyria O. O., Hryzo A. A., Varvarov V. V., Lukianchykov А. А., Drol O. Yu.

In the general case, the FMR of the first, i.e.,
SQFM, segment varies in time:

𝛽1(𝑡) =
𝛽1𝑀

2

√︂
𝑇1

𝑡
, (3)

where 𝛽1𝑀 – the average FMR of the segment, which
is determined by the following relation:

𝛽1𝑀 =
∆𝑓1
𝑇1

,

where 𝑇𝑛 – duration of the n-th signal segment
(n=1, 2, 3); ∆𝑓𝑛 – frequency deviation of the n-th
segment.

For the time instant t=T 1, the value of the FMR
(3) is equal to:

𝛽1(𝑇1) = 𝛽𝐸1 =
𝛽1𝑀

2
. (4)

Based on (4), the final phase of the first segment is
given by:

𝜙𝐸1 = 2𝜋

(︂
𝑓0𝑇1 +

1

3
𝛽1𝑀𝑇 2

1

)︂
, (5)

where f 0 is the initial frequency of the NLFM signal.
The initial phase of the second segment is determi-

ned as:

𝜙𝑆2 = 2𝜋

(︂
𝑓0𝑇1 +

1

2
𝛽2𝑇

2
1

)︂
, (6)

where 𝛽2 – the FMR of the 2-th segment:

𝛽2 =
∆𝑓2
𝑇2

.

Taking into account (5) and (6), the value of the phase
discontinuity at the junction of the first and second
segments is obtained as:

𝛿𝜙12 = 2𝜋𝑇 2
1

(︂
𝛽2

2
− 𝛽1𝑀

3

)︂
, (7)

the frequency discontinuity is determined as:

𝛿𝑓12 = 𝑇1(𝛽2 − 𝛽1𝑀 ), (8)

which, in turn, causes an additional phase increment
in the second segment that requires compensation. By
introducing a compensating term, we obtain the MM
of the signal with a first SQFM segment and a second
LFM segment:

𝜙(𝑡) =

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩
2𝜋

[︁
𝑓0𝑡+

2𝛽1𝑀

√
𝑡3𝑇1

3

]︁
, 0 ≤ 𝑡 ≤ 𝑇1;

2𝜋
[︁
(𝑓0 +∆𝑓1 − 𝛽2𝑇1)𝑡+

𝛽2𝑡
2

2

]︁
− 𝛿𝜙12,

𝑇1 < 𝑡 ≤ 𝑇1 + 𝑇2.

(9)
In the next step, we refine the expression for the thi-
rd LFM segment, using the results obtained in [18]

for the MM of a three-segment NLFM signal of the
LFM-LFM-LFM type:

𝜙(𝑡)=

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

2𝜋

{︂
𝑓0𝑡+

𝛽1𝑡
2

2

}︂
, 0 ≤ 𝑡 ≤ 𝑇1;

2𝜋

{︂
[𝑓0 − (𝛽2 − 𝛽1)𝑇1] 𝑡+

𝛽2𝑡
2

2

}︂
− 𝛿𝜙12,

𝑇1 < 𝑡 ≤ 𝑇1 + 𝑇2;

2𝜋

{︂
[𝑓0−(𝛽3−𝛽1)𝑇1−(𝛽3 − 𝛽2)𝑇2] 𝑡+

𝛽3𝑡
2

2

}︂
−

− 𝛿𝜙23, 𝑇1 + 𝑇2 < 𝑡 ≤ 𝑇𝑆 ,
(10)

where T S=T 1+T 2+T 3; 𝛽3 – the FMR of the 3-th
segment:

𝛽3 =
∆𝑓3
𝑇3

.

Finally, taking into account (9) and (10), we
introduce a new MM of the NLFM signal of the SQFM-
LFM-LFM type:

𝜙(𝑡)=

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

2𝜋

{︂
𝑓0𝑡+

2𝛽1𝑀

√
𝑡3𝑇1

3

}︂
, 0 ≤ 𝑡 ≤ 𝑇1;

2𝜋

{︂
[𝑓0 − (𝛽2 − 𝛽1𝑀 )𝑇1] 𝑡+

𝛽2𝑡
2

2

}︂
− 𝛿𝜙12,

𝑇1 < 𝑡 ≤ 𝑇1 + 𝑇2;

2𝜋

{︂
[𝑓0−(𝛽3−𝛽1𝑀 )𝑇1−(𝛽3−𝛽2)𝑇2] 𝑡+

𝛽3𝑡
2

2

}︂
±

± 𝛿𝜙12 ± 𝛿𝜙23, 𝑇1 + 𝑇2 < 𝑡 ≤ 𝑇𝑆 .
(11)

In (11), the value of 𝛿𝜙12 is calculated in accordance
with (7), and 𝛿𝜙23 is determined by the expression:

𝛿𝜙23 = 2𝜋

{︂
(𝛽3 − 𝛽2) ·

(︂
𝑇1 +

1

2
𝑇2

)︂
𝑇2+

+

(︂
𝛽2 −

𝛽1𝑀

2

)︂
𝑇 2
1

}︂
.

(12)

which is obtained using (2).
It should be noted that, to determine the

instantaneous phase of the third segment, the phase
discontinuity at the previous junction between the first
and second segments must be taken into account, which
is fully justified. It should also be emphasized that, at
the beginning of the third segment, phase drift may
reach large values, and the final phase of the previ-
ous segment and the initial phase of the subsequent
segment may lie in different phase quadrants, which
must be accounted for. In other words, when varying
the time-frequency parameters of the NLFM signal in
(11), it may be necessary to select the signs for 𝛿𝜙12,
𝛿𝜙23 as appropriate, both in the absence and in the
presence of a compensating 𝜋-discontinuity.
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3.3 Results of mathematical modeling

To verify the validity of the proposed MM (11), a
comparative was performed in MATLAB between the
results obtained using this model and those obtained
using the classical LFM signal MM [7] and the NLFM
signal of the LFM-LFM-LFM type [18], under identical
frequency deviations and pulse durations of the signals.
The following parameters were compared:

– MLSL of the ACF;

– sidelobe decay rate of the ACF;

– Main Lobe (ML) width of the ACF at the 0.707
level.

The selected time-frequency parameters of the si-
gnals and the obtained values of their ACF characteri-
stics are summarized in Table 1.

Табл. 1 Results of the study of MM LFM and NLFM signals of the LFM-LFM-LFM and SQFM-LFM-LFM
types

Signal
type

𝑇1,
𝜇s

𝑇2,
𝜇s

𝑇3,
𝜇s

Δ𝑓1,
kHz

Δ𝑓2,
kHz

Δ𝑓3,
kHz

MLSL,
dB

Sidelobe
decay
rate,

dB/dec

ML ACF
(0.707),

𝜇s

160* 160* 160* 160* 500* 500* −13.42* 19.98* 1.76*
160 160 160 160 1000 1000 −13.34 20.06 0.88
200 200 200 200 500 500 −13.39 19.86 1.764

LFM 200 200 200 200 1000 1000 −13.35 19.85 0.882
240 240 240 240 500 500 −13.44 19.6 1.77
240 240 240 240 1000 1000 −13.44 19.6 0.885
260 260 260 260 500 500 −13.33 19.7 1.774
260 260 260 260 1000 1000 −13.33 19.7 0.887

20* 120* 20* 100* 300* 100* −18.95* 16.8* 2.05*
20 120 20 200 600 200 −19.32 17.7 1.025
25 150 25 100 300 100 −19.1 18.5 2.05

LFM- 25 150 25 200 600 200 −19.4 19.35 1.025

LFM- 30 180 30 100 300 100 −19.2 18.5 2.048

LFM 30 180 30 200 600 200 −19.46 18.5 1.024
20 220 20 100 300 100 −19.09 17.9 2.31
20 220 20 200 600 200 −19.7 19.2 1.15

40* 80* 40* 200* 100* 200* −24.85* 27.0* 2.56*
40 80 40 400 200 400 −23.31 25.32 1.28
40 120 40 200 100 200 −22.17 22.11 2.9

SQFM- 40 120 40 400 200 400 −20.52 26.62 1.45

LFM- 40 160 40 200 100 200 −20.21 21.2 2.69

LFM 40 160 40 400 200 400 −18.96 29.41 1.34
40 180 40 200 100 200 −20.37 25.22 3.39
40 180 40 400 200 400 −18.4 30.43 1.68

Values marked with * are used for further comparative analysis.

Comparative analysis of the data in Table 1 shows
that, for the selected time-frequency parameters of
LFM and NLFM signals, the use of the proposed
SQFM-LFM-LFM type signals provides:

– a reduction of the MLSL relative to the LFM
signal by an average of 7.72 dB, with a maxi-
mum reduction for signals with equivalent time-
frequency parameters of 11.43 dB;

– a reduction of the MLSL relative to the NLFM
signal of the LFM-LFM-LFM type by an average
of 1.82 dB, while the maximum reduction under
identical time-frequency parameters reaches 5.9
dB;

– the highest value of the ACF sidelobe decay rate,
which on average equals 25.9 dB/dec;

– an increase in the ACF ML width at the 0.707
level relative to the LFM signal by 45.5%, and
relative to the three-segment NLFM signal based
on LFM elements by 25%.

The simulation results are confirmed by graphical
material, which clearly demonstrates the validity of the
obtained results.

Figures 1a and 2a show the plots of the
instantaneous frequency variation of the studied LFM-
LFM-LFM and SQFM-LFM-LFM signals, respectively.
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(a) (b)

(c) (d)

Fig. 1. Plot of instantaneous frequency variation (a), oscillogram (b), AFS (c), ACF (d) of the LFM-LFM-LFM
signal

(a) (b)

(c) (d)

Fig. 2. Plot of instantaneous frequency variation (a), oscillogram (b), AFS (c), ACF (d) of the SQFM-LFM-LFM
signal

The frequency variation laws, segment durati-
ons, total frequency deviations, and signal durations
correspond to the specified values. These parameters
are marked with “*” in Table 1.

The oscillograms in Figs. 1b and 2b demonstrate
a smooth frequency increase of the signals and the
absence of phase discontinuities at the segment juncti-
ons, which is confirmed by the shape of their AFS in
Figs. 1c and 2c. The presented AFS do not exhibit
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dips or discontinuities at the segment junctions, and
no additional ripples on their slopes and “wings” are
observed.

The ACF plots in Figs. 1d and 2d require a more
detailed analysis. For the NLFM signal composed of
three LFM segments, the ACF shape is close to that of
a classical LFM signal. The introduction of additional
segments leads to a redistribution of energy among
the sidelobes, which results in a reduction of the near
sidelobe levels, while the ML becomes slightly wider. A
reduction in the MLSL relative to the single-segment
LFM signal is observed (the corresponding row in
Table 1 is marked with “*”), which for this set of time-
frequency parameters equals −18.96 dB. At the same
time, a moderate broadening of the ML is observed.

As a result of introducing the SQFM segment, the
ACF shown in Fig. 2d for the specified NLFM signal
parameters exhibits a merging of the ML and the
near sidelobes, resulting in a pedestal at approximately
−13 dB. The ML also becomes wider; however, the
MLSL decreases to −24.85 dB, which represents the
lowest value obtained in this study.

Conclusions

In this work, a new continuous-time MM of an
NLFM signal has been developed, consisting of a
SQFM segment and two LFM segments. A distincti-
ve feature of the proposed MM is the calculation
and introduction of compensating terms that elimi-
nate frequency and phase discontinuities occurring at
segment junctions due to changes in the FMR when
transitioning to a new segment, as well as additi-
onal phase increments in the segments following the
junctions.

The synthesis features of multi-segment NLFM si-
gnals containing segments with both identical and
different FM laws have been formulated. The primary
source of frequency-phase distortion in such signals
is identified as instantaneous phase discontinuities at
segment junctions, which in turn cause frequency
jumps. In the continuous-time MM, frequency-phase
distortions at segment junctions manifest as additional
phase increments in subsequent segments; neglecti-
ng them increases frequency deviation and leads to
a mismatch between the signals and the specified
parameters.

With a PSL reduction of 11.43 dB (by 85%)
compared to the conventional LFM signal, the ML
width of the ACF for the proposed signal increases
by 45.5%, which represents an acceptable trade-off
for target detection tasks under conditions of intense
clutter interference from local objects.

The results of mathematical modeling confirmed
the feasibility of applying the proposed signal in practi-

ce. The introduction of the SQFM segment signifi-
cantly reduces the MLSL of the resulting signal ACF
and increases the sidelobe decay rate.

The increase in the ML width of SQFM-LFM-LFM
signals limits time and frequency resolution. For practi-
cal applications, optimal signal parameters should be
determined in the Pareto sense, ensuring a balance
between MLSL and allowable ML width.

The obtained results may be used by specialists
working in the field of further MLSL reduction in
radar signals. In addition, the proposed NLFM si-
gnal expands the set of complex probing waveforms,
contributing to improved resistance to electronic
countermeasures and electromagnetic compatibility of
radar systems.

Future work will focus on investigating the feasi-
bility and effectiveness of combined spectral and time-
domain windowing for MLSL reduction and identifying
the corresponding implementation features.
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Радiолокацiйнi сигнали у складi фра-
гментiв з корiнь-квадратичним та лi-
нiйними законами частотної модуляцiї

Костиря О. О., Гризо А. А., Варваров В. В.,

Лук’янчиков А. А., Дроль О. Ю.

Застосування технологiй цифрового формування й
обробки радiолокацiйних сигналiв надає широкi можли-
востi для впровадження зондувальних радiоiмпульсiв
з рiзноманiтними законами частотної (фазової) моду-
ляцiї (манiпуляцiї). З введенням в радiотехнiчнi систе-
ми лiнiйно-частотно модульованих сигналiв розпочали-
ся дослiдження щодо зниження максимального рiвня
бiчних пелюсток їх автокореляцiйних функцiй, якi не
втратили своєї актуальностi i на сьогоднi. Один з на-
прямкiв зниження цього рiвня ґрунтується на застосу-
ваннi сигналiв з нелiнiйною частотною модуляцiєю, якi
складаються з кiлькох фрагментiв. Встановлено, що для
уникнення викривлень в результуючий сигнал необхi-
дно вводити компенсувальнi складовi, якi враховують
частотно-фазовi спотворення вiд першого та подальших
стикiв, а також додаткових приростiв фази у самих
фрагментах, починаючи з другого.

Дане дослiдження присвячено розробленню нової
математичної моделi трифрагментного сигналу у складi
першого фрагмента з корiнь-квадратичною частотною
модуляцiєю та двох наступних фрагментiв з лiнiйною
модуляцiєю частоти. Такий сигнал забезпечує зниження
максимального рiвня бiчних пелюсток у порiвняннi з
класичним лiнiйно-частотно модульованим сигналом на
11.43 дБ. Вiдмiнною особливiстю цiєї математичної мо-
делi є визначення та введення до виразiв, якi описують
другий та третiй фрагменти сигналу, нових компенсу-
вальних складових.

Логiка дослiдження обумовлює структуру роботи.
Перший її роздiл присвячено аналiзу вiдомих публi-
кацiй, який свiдчить про вiдсутнiсть робiт за даним
напрямком, що обумовлює актуальнiсть та доцiльнiсть
виконання завдання дослiдження, яке сформульовано у
другому роздiлi. У третьому роздiлi здiйснено теорети-
чне обґрунтування основних положень – визначено осо-
бливостi виникнення та отримано розрахунковi вирази
для визначення компенсувальних складових частотно-
фазових спотворень, що виникають на першому та дру-
гому стиках, а також у другому та третьому фрагментах
сигналу для випадку, коли перший фрагмент має не-
лiнiйний закон частотної модуляцiї, а два наступних –
лiнiйний.

Подальшi дослiдження планується спрямувати на
визначення доцiльностi та особливостей спiльного засто-
сування спектральних i часових вiконних функцiй пiд
час оброблення радiолокацiйних сигналiв.

Ключовi слова: нелiнiйна частотна модуляцiя; ма-
тематична модель; стрибок миттєвої частоти та фази;
автокореляцiйна функцiя; максимальний рiвень бiчних
пелюсток
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