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The paper investigates one of the ways of suppressing post-pulse oscillations in ultra-wideband (UWB) electromagnetic pulses radiated
by a bow-tie type antenna excited in active mode (the pulse generator is located directly on the radiator). Since this excitation method
does not require balancing or other elements that match the impedances, conditions are created for increasing the radiated power with
the same power consumption. To suppress post-pulse oscillations in the radiated field, resistive elements with high resistance are used.
They are located near the excitation region in order to absorb the non-radiated part of the excitation signal energy accumulated in the
antenna. The influence of the antenna form factor and load resistance on the shape of the radiated signal is experimentally analyzed.
Keywords: UWB signal; Bow-Tie antenna,; Radiated electromagnetic field; Post-pulse oscillations, Active antenna
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INTRODUCTION

One of the main applications of ultra-wideband(UWB) technologies is subsurface radar (ground penetrating radar
(GPR)), which is widely used for such purposes as mine detection, detection of people by optically opaque obstacles,
search for people under rubble, non-destructive testing of objects, environmental monitoring, monitoring the condition of
subsurface communications, pipelines and many others (see, for example, [1]-[5] and references in them). Special
requirements for the antenna system are imposed on GPR that use video pulses as UWB probing signals. The antenna
must create in space a short single useful pulse of an electromagnetic field of the required amplitude, shape and duration.
The presence of additional pulses in the probing signal (they are called post-pulse oscillations or ringing) complicates the
interpretation of sounding results and deteriorates the information and accuracy characteristics of the GPR.

The most general is the use of dipole-type structures for impulse radiation. The prerequisite for the occurrence of
post-pulse oscillations of the probing signal in such structures is the peculiarity of the very process of radiation of a single
pulse by the antenna. The exciting signal goes from the exciting area to the ends of the dipole and back from the ends to
the exciting area. Each propagation cycle in the antenna produces one impulse in the radiated field. It is impossible to
create conditions under which all the energy supplied to the antenna is spent on radiating a single pulse during one pass
of the exciting signal through the radiator [1]. Therefore, the portion of the non-radiated energy of the exciting signal
propagating through the radiator and radiating at each cycle causes an appearance of post-pulse oscillations in the field
created by the antenna. Depending on the geometry of the radiating elements and the electrophysical characteristics of
the material from which they are made, a greater or lesser part of the energy supplied to the radiator is separated from the
antenna, going into space. The remaining part continues to move along the radiator in the form of an electrical pulse,
reflecting off the boundaries of the radiator and making oscillatory movements until the energy of the exciting signal is
spent on the radiation of post-pulse oscillations, as well as on heating due to ohmic losses in the radiator and the return
of part of the energy back to sources of the exciting signal.

One of the possible options for antenna structures for radiating UWB pulses are biconical dipoles, patented in 1898
by Lodge [6]. These can be symmetrical biconical dipoles with symmetrical excitation [7]-[19], asymmetrical biconical
dipoles [20], [21] as well as biconical dipoles with asymmetrical excitation [22]. Calculations have shown that the use of
specially formed resistive loading allows excluding post-pulse oscillations in radiated (received) signals. However,
creating in practice such loadings is difficult.

A planar analogue of a biconical dipole is a dipole with triangular arms which is bow-tie antenna (BTA), also
patented in [6]. It can be used both to generate harmonic electromagnetic fields [9], [23]-[34] and to radiate
electromagnetic pulses [21], [35], [42]. Possible approach to prevent appearing of post-pulse oscillations and provide
single pass propagation of exciting impulse by the antenna radiator is absorption of extra part of excitation energy by
resistive or resistive-capacitive loads near the ends of dipole [35], [38].

The next update is the resistor-loaded bow-tie antenna, which is covered with a rectangular conducting cavity with
inner walls partially or fully coated with a ferrite absorber [43]. This antenna is designed for GPR use. However, the
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authors concluded that the ferrite absorber cannot significantly improve the antenna characteristics of the GPR system.
The appearance of additional impulses in the radiated field is noted in the paper [39]. The dependence of the shape of the
waveform of radiated impulse on the direction of radiation was also noted. It should be considered when designing an
antenna for GPR.

The authors of the paper [21] show how the dimensions of a biconical antenna influence the radiation pattern and
shape of radiated/received signals. The least influence is when the antenna dimensions are much bigger or much smaller
than the central frequency of the signal. However, both of these cases have disadvantages from the practical point of view
[44]. In [45], it was shown that cylindrical slots can radiate impulse signals due to an extensive working frequency band.
Authors of [46] studied cylindrical radiator with six slots incusing resistors. Specially designed distribution of resistors
has shown to be a good performance in terms of absorbing ability at lower frequency, reflected pulse energy. However,
the radiated/received pulses have long ringing after main pulse. Such signals require additional compressing to be
applicable in GPR.

Active antennas, whose design includes active elements [47], are of particular interest to radar system developers.
This approach improves the antenna's energy characteristics because it allows the abandonment of matching devices and
significantly reduces signal energy losses at transmission from the generator to the radiator. It should be noted that the
first radiators of electromagnetic (EM) waves, for example, [6], were active.

Earlier studies [48] showed that if the radiating elements of a BTA are used as a capacitive energy store for the
further formation of a radiated pulse, then, in contrast to the passive method of antenna excitation, with the same
parameters of the radiated pulse, in the case of active excitation, the energy consumed by the radiator, turns out to be an
order of magnitude smaller.

Experiments for dipole allowed us to analyze the physical processes responsible for the radiation of EM fields. It
was demonstrated that the area of excitation and the ends of the antenna are the main sources of intense radiation. By
placing energy-absorbing resistors in the slots near the ends of the antenna arms, we reduce the radiated energy by
absorbing the electric current as it travels to the ends. Therefore, it makes sense to absorb the excess energy from the
exciting signals after they have been radiated from the ends of the antenna arms [2].

This paper proposes a design of a BTA that provides efficient radiation and simultaneously suppresses post-pulse
oscillations. Electrodynamic characteristics of UWB bow-tie radiators of various shapes with resistive loads of different
values are theoretically and experimentally investigated.

FDTD SIMULATION
1. Problem Formulation

Unfortunately, active antennas are difficult to model mathematically. The result is influenced not only by the
geometry and material of the radiator but also by the electrical parameters of the excitation circuit, together with active
electronic elements (usually semiconductor diodes, transistors, etc.), and the feedback caused by these parameters. With
this in mind, we will first find out the main regularities of pulse radiation caused by the geometry of the radiating elements
based on the results of finite-difference time-domain (FDTD) modeling. Then, in the experimental part of the work, we
will connect the radiator to the circuit generating exciting pulses and select its parameters that provide the desired radiation
mode. In contrast to the approach of using a resistive load proposed in [38], in this study, a resistive load designed to
suppress after-pulse oscillations is moved to the excitation region of the radiator.

Consider a BTA (Fig. 1) located in free space. Triangular conductors are located in the xz -plane. The dipole axis is
oriented in the x -direction. The antenna dimensions: length is /4, width is 4,. The antenna is excited by a unipolar pulse

through the terminals "1". The exciting source is located in the center of the Cartesian coordinate system in the gap
between the antenna conductors. Connected to the terminals "2" the load is resistive elements, the resistances of which
are selected during the study in the range from 100 Ohms to 1000 Ohms.

Figure 1. BTA: 1, 2 - antenna feeding and load terminals

Let us analyze the amplitude-time characteristics of the EM field registered at some distance # from the radiator in
the direction of the y axis, depending on the dimensions 7/, A, and the value of the resistive load.

2. Solution Method
The mathematical statement of the problem includes the main equations, which are Maxwell's equations and initial
and boundary conditions (to limit the calculation area and effectively use numerical methods). One of the most universal
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and common methods of numerically solving non-stationary electrodynamics problems is the FDTD method [49]. We
will use the specially developed program SEMP (Software for ElectroMagnetic Profiling) [50] for computer simulation
which implements it. Computer simulation of the radiation of fully three-dimensional antennas using the FDTD method
is a task that requires large amounts of calculations and resources. However, there are "optimization techniques" that
allows to increase the speed of calculations, namely: 1) the use of a point model of the antenna excitation source, which
simplifies the calculation algorithm and allows to use a larger size of the discretization grid than in the case of a full 3D
model; 2) application of effective absorbing boundary conditions (ABC) [51].

3. Simulation Parameters
When limiting the computational domain in the FDTD method, the following two conditions must be considered:
1) the calculation area should have as small a volume as possible to increase the speed of calculations and reduce the
amount of memory used;
2) the dimensions of the calculation area should be chosen so that reflections from its boundaries (taking into account the
application of ABC) do not distort the investigated electromagnetic process.
The simulation parameters related to the features of the implementation of the FDTD algorithm are given in Table I.

Table 1. Simulation Parameters

Parameter Value
Dimensions of the calculation area in space, m? 0.7x0.35%0.35
The size of the spatial grid, m 0.0025
Time window (observation time), ns 6
The time step, ns 102

4. Simulation Results
Fig. 2 visualizes the distribution of the EM field radiated by the investigated rectangular (/=2 4,=130 mm) unloaded

antenna in space in discrete time intervals. Field distributions at different moments are presented on images in the xz -
plane. The color scale shows the amplitudes of the field strengths.
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Figure 2. Distribution of the EM field radiated by a rectangular ( 4, =2 2, =130 mm) unloaded BTA in the xz -plane (a), (b), (c)
and in space (d), (e), (f) for some ¢ :(a), (d) — 0.5 ns; (b), (¢) — 1.0 ns; (c), (f) — 1.5 ns

Fig. 2 illustrates that the amplitudes of EM field pulses near the center of the antenna and at its edges are the most
significant. This confirms the thesis that the primary sources of EM field radiation are the areas where the charges excited
by the source receive the greatest acceleration.

Fig. 3 shows that an unloaded antenna radiates pulses with post-pulse oscillations of much higher intensity than a
loaded one. An increase in the antenna length from 110 mm to 150 mm leads to an increase in the intensity of the radiated
field (see the amplitude in Fig. 3a at the time interval of 1 ns—3 ns). This part of the pulse is formed during radiation
directly from the excitation area. Since the length of the antenna is less than the spatial duration of the exciting pulse, the
fields radiated by the edges of the antenna and having the opposite polarity arrive at the observation point at a time when
the intensity of the field radiated by the excitation area has not yet reached its maximum. As a result of such
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synchronization in time, the fields radiated by the excitation area and the edges of the dipole mutually compensate each
other, limiting the intensity of the field at the observation point. The process of forming the field pulse at the point of
observation is similar to forming the radiated pulse by a dipole radiator [2]. Post-pulse oscillations are observed in the
time interval 2.5 ns+6.0 ns. The parameters of these oscillations weakly depend on the length of the radiator.
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Figure 3. Plots of pulses radiated by a rectangular (4, =2 A, ) BTA: FDTD simulation for unloaded (a) and loaded by the 200 Ohm
resistance (b) antennas: 1 — 150x75 mm; 2 — 130x65 mm; 3 — 110x55 mm

However, such synchronization, in addition to the increase in field strength at the point of observation, creates
conditions for the occurrence of post-pulse oscillations that follow this (negative) amplitude peak. As a result, the radiated
field takes the form of a damped oscillation (Fig. 3a, 3 ns+5 ns). Despite the increase in amplitude, this form of probing
signal is inconvenient for use in ground-penetrating radars. With this in mind, this paper proposes suppressing post-pulse
oscillations by connecting a load resistor in the excitation region parallel to the excitation signal's source. The result of
applying such a load in FDTD modeling is shown in Fig. 3b. A significant decrease in the amplitude of post-pulse
oscillations in the radiated pulse is clearly visible. The resistive load connected in the excitation region reduces the Q-
factor of the oscillations in the antenna. Despite the coincidence of the length of the antenna with the spatial duration of
the pulse, there are no fading oscillations in the radiation field of the antenna with a length of /=150 mm.

EXPERIMENTAL RESEARCH
The object of research in this paper is an active radiating antenna that is excited without the use of a feeder line
between the generator and the radiator (Fig. 4a). It is obvious that the addition of elements of electric circuits to the
excitation region of the dipole significantly affects the shape of the radiated pulse. Therefore, the influence of the electrical
parameters of the pulse generator output on the processes of formation and flow of the exciting current in the antenna
should be taken into account.
&
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Figure 4. Appearance of an active antenna with a radiator of rectangular configuration (a); the output part of the pulse generator
with a resistive load (b)

To find out the conditions under which both a large amplitude of the radiated field and a minimization of post-pulse
oscillations are simultaneously achieved, it is advisable to conduct direct experiments on the radiation of short pulses of
the EM field by active BTA with different radiator geometries. The study considered two configurations of the radiator -
rectangular (4,=2h,) and square (4, =Ah,). Let's analyze the influence of the load resistance, which is connected to the

excitation area, on the pulse parameters of the radiated field. To do this, we connect the arms of the dipole in the region of
excitation with resistance R, (Fig. 4b). Resistors whose resistance is 100 Ohm+1000 Ohm are used as load elements.
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1. Measuring equipment

Fig. Sa contains an oscilloscope with a sweep block unit and an amplifier working in the 0+3.5 GHz frequency range;
timing generator, which generates a signal with an amplitude of +5 V and a duration of at least 20 ns to start the antenna
excitation pulse generator and the oscilloscope synchronization signal; the power supply unit of the excitation pulse
generator, which provides a voltage of +12 V and a current of 25 mA.

A ferrite antenna [52] was used as a receiving antenna, which allows receiving pulse signals with a rise time of more
than 0.4 ns and a pulse duration of less than 2.5 ns without distortion. Registration of radiated pulses of the EM field is
carried out at a distance of 0.5 m from the investigated antenna at a height of 1.8 m from the floor surface. This combination
of distances makes it possible to exclude pulses reflected from surrounding objects (floor, walls, ceiling of the laboratory,
measuring equipment) from the observation time window. Thus, the conditions of the experiment make it possible to
analyze the structure of the radiated field and the effect on it of the design parameters of the radiator.

Oscilloscope Y
C1-70 5
Syn iftceiving 20
enna Z
Timing Impulse 2
Generator Generator\ é 40
I'5-56 Syn s
=.60
Power §
Sy 0 2 4 6 8 10
Time (ns)
(a) (b)

Figure 5. Block diagram of the experimental equipment (a) and exciting pulse at the output of the generator load 50 Ohm (b)

To excite the radiator, a pulse generator was developed [53] using a diode K/I513A, which acts as a drift diode with
a sharp recovery of resistance [54] and allows forming of a pulse with a front duration of 0.5 ns and amplitude of 70 V at
a load of 50 Ohm (Fig. 5b). Structurally, the generator is made in the form of a shielded printed circuit board with
dimensions of 50x10 mm?, located directly on the radiator (Fig. 4a). Since the generator has its own timing circuits, as well
as a stabilized power source, the parameters of the generated voltage pulse do not depend on the duration of the start signal.
The input signal for starting the generator is a pulse of positive polarity with an amplitude of 5 V and an arbitrary duration
(from 20 ns or more). The supply voltage is +12 V, and the average current consumption is 25 mA at a pulse repetition rate
of 100 KHz.

2. Radiation of pulses of EM fields
For experiments (antenna with a dipole aspect ratio of 2:1), radiators with dimensions # of 150 mm, 140 mm,
130 mm, 120 mm, and 110 mm were made. During the experiments, the time dependences of electromagnetic field pulses
radiated by unloaded and loaded ( R, =200 Ohm) antennas were recorded (Fig. 6). The plots of the received signals clearly
demonstrate that the load connection practically eliminates the post-pulse oscillations. However, the amplitude of the
radiated pulse decreases by almost 1.5 times. The first two half-waves of the signal, which have the maximum amplitude,
will be considered a "useful" signal. Let's define its amplitude asV, =V (¢),. .+ |V (¢),., |- Consider it as the value of the

amplitude for the useful signal (range ¢ € {1, 3, 5} ns in Fig. 6a) and the amplitude of after-pulse oscillations (range ¢ € {3,
5, 12} ns in Fig. 6b).
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Figure 6. Plots of pulses radiated by an antenna of a rectangular configuration without load (a) and with load (b) R, =200 Ohm:
1-150 mm; 2 — 140 mm; 3 — 130 mm; 4 — 120 mm; 5 — 110 mm
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3. Effect of antenna size and load magnitude
From Fig. 6, it can be seen that with each decrease in the size of 4 by 10 mm, the amplitude of the useful signal

decreases by approximately 4 mV for an unloaded antenna (Fig. 6a) and by 2 mV for a loaded antenna (Fig. 6b) for /4, sizes

of the radiator from 150 mm to 110 mm. This means that the dependence of the amplitude of the useful signal on the size
of A in these cases is linear (Fig. 7) and has the form:

V, =0.4h —0.015 —for the unloaded antenna;
V, = 0.2 h — for the loaded antenna.

In addition, from Fig. 6, it can be seen that the amplitude of post-pulse oscillations changes slightly for both unloaded
(Fig. 6a) and loaded (Fig. 6b) antennas, while signal amplitudes change significantly when the radiator size changes
(Fig. 7).
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Figure 7. The amplitude of the useful signal depending on the size of the antennas (1 - no load, 2 — with a load R, =200 Ohm)

Compare the plots of pulses emitted by rectangular antennas with a load magnitude ( R, =200 Ohm) and without a

load at the same size as the radiators in the time interval from 5 ns to 9 ns (see Fig. 6).To quantify the impact of the load
on the radiated signal, consider the amplitude of the first two half-waves that follow the radiated useful pulse. Fig. 8 shows
the dependence of the amplitude of the useful pulse and two half-waves of post-pulse oscillations on the load resistance of
the antennas, which was changed from 100 Ohm to 1000 Ohm in steps of 100 Ohm. A radiator of length /=130 mm was

chosen for this experiment.

From Fig. 8, it follows that when the load resistance increases from 100 Ohm to 300 Ohm, the amplitude of the useful
signal increases faster than the amplitude of post-pulse oscillations. When the load increases from 300 Ohm to 1000 Ohm,
the amplitudes of the useful pulse and post-pulse oscillations change similarly. Moreover, the amplitude of the first half-
wave decreases (Fig. 8, curve 2), and the amplitude of the second half-wave (Fig. 8, curve 3) increases. When the resistance
increases to 1000 Ohm, the amplitude of the useful pulse and post-pulse oscillations slowly increases to the values formed
by the antenna without load. Thus, by applying a resistive load (from 200 Ohm to 300 Ohm) in active BTA with a
rectangular configuration, it is possible to significantly (up to -20 dB) reduce the amplitude of after-pulse oscillations, while
the amplitude of the useful signal decreases by only (20-+30) %.
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Figure 8. Dependence of the amplitude of the useful pulse and two half-waves of after-pulse oscillations on the antenna load: 1 is the
amplitude of useful signal, 2 is the amplitude of the first half-wave, 3 is the amplitude of the second half-wave
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4. Antenna with a 1:1 aspect ratio

For this series of experiments, radiators with dimensions 4, = 4, 0f 150 mm, 140 mm, 130 mm, 120 mm, and 110 mm
were manufactured. The experiments recorded the time dependences of EM field pulses radiated by unloaded and loaded
(R, =200 Ohm) antennas. Fig. 9 illustrates the results of the measurements. As can be seen, the characteristic features of
the pulses radiated by the antenna with a rectangular configuration (Fig. 6) are repeated in the antenna with a square
configuration (Fig. 9). Amplitudes of the useful signal (range ¢ {1, 4} ns shown in Fig. 9a) and post-pulse oscillations
(range ¢ € {4,20} nsin Fig. 9b). From Fig. 9, it follows that the amplitude of post-pulse oscillations changes slightly within
the certain limits of the change in size 4 for both unloaded (a) and loaded (b) antennas.
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Figure 9. Plots of pulses radiated by a square antenna: without load (a), with load R, =200 Ohm (b):

1-150 mm; 2 — 140 mm; 3 — 130 mm; 4 — 120 mm; 5 — 110 mm

5. Effect of antenna size and load magnitude
From Fig. 10, it follows that with a decrease in the size of 4 by 10 mm, the maximum amplitude V, of the useful

signal decreases by about 6 mV for the unloaded antenna and by 4 mV for the loaded antenna in the range of sizes % of

the radiator from 150 mm to 110 mm. This means that the dependence of the amplitude of the useful signal on the size of
h, within the limits of the change in the size of /4 is linear (Fig. 10) and is described by the expressions:

V, =0.6h; —0.036 — for the unloaded antenna;
V, = 0.4h; — 0.014 — for the loaded antenna.
Comparing the waveforms of Fig. 9 in the time interval from 5 ns to 9 ns reveals that the use of a resistor of R,

=200 Ohm allows significantly reducing the amplitude of the EM wave reflected from the ends of the antenna (up to -
20 dB). Still, simultaneously, the amplitude of the radiated pulse also decreases by (20-+40) %.
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Figure 10. The amplitude of the useful signal depending on the dimensions of the antenna:
1 is for the unloaded antenna, 2 is for the antenna loaded by R, =200 Ohm

6. Comparison of radiators of rectangular and square configurations
Fig. 11 shows the dependence of the amplitudes of the useful pulse on the antenna load for radiators of rectangular
and square configurations. Measurements were made for the radiators with a length of 4 =130 mm. As you can see, that

when using a resistive load, a square-shaped antenna radiates pulses of the EM field of greater amplitude than a rectangular
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antenna with the same size /. With an increase in the load in the range of (100+500) Ohm, the amplitude of the pulses

radiated by a square-shaped antenna increases faster than that of a rectangular-shaped antenna. With a load close to
1000 Ohm, both antennas radiate pulses with the same useful pulse amplitude as an unloaded antenna of the corresponding
size and shape.
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204

Useful Pulse Amplitude (mV)

200 400 600 $00 1000
L oad Resistance (Ohm)
Figure 11. Dependence of the amplitude of the useful pulse on the antenna load for radiators of rectangular and square
configurations: 1 is for the rectangular £, =65 mm; 2 is for the square with 4, =130 mm

From a comparison of the graphs shown in Fig. 6 and Fig. 9, it is evident that when the size of the radiator changes,
the amplitude of the useful pulse changes significantly more than the amplitude of the after-pulse oscillations. This again
confirms that field radiation is formed by areas where the charges excited in the antenna receive maximum acceleration -
in the area of antenna excitation and at the edges of the radiator. In the case of an increase in the size of the antenna and a
constant load, the radiating edges of the antenna move apart, and the time interval between radiation from the feeding
region of the antenna and from the edge increases, this delays the appearance of the pulse radiated by the edge in the
observation point. Since the electric field strength vectors radiated by the feeding region and the edge of the radiator have
mutually opposite directions [48] and mutually compensate each other, increasing the time interval between these pulses
makes it possible to increase the field strength of the pulse radiated by the feeding region to greater values before a
compensating pulse arrives at the point of observation from the edge of the radiator. This is an explanation for the increase
in the amplitude of the radiated field when the size of the radiator increases.

Since nothing changes in the feeding region with such changes in the antenna geometry, the after-pulse oscillations,
most likely caused by radiation from this region, remain unchanged. However, if a resistor is included in the gap between
the conductors of the dipole, which absorbs the energy of the excitation field wave reflected from the edge of the radiator,
the energy of the excitation signal is mostly dissipated on this resistor and is not radiated.

COMPARISON OF FDTD SIMULATION RESULTS AND EXPERIMENTAL DATA

The impulse signals registered in the experiments demonstrate the regularities revealed in the numerical simulation.
Some discrepancy in the forms of program simulated and experimentally obtained pulses is explained by the presence of
additional structural elements in experimental antenna samples that are not taken into account in numerical modeling (in
particular, the "physical presence" of the generator, its imagined part of impedance and variable output resistance, a thin
dielectric substrate on which the metal parts of the dipole are located, etc.).

The experiments revealed the following patterns:

1) with an increase in the size / of the antenna, the amplitude of the radiated signal increases more than the amplitude

of post-pulse oscillations;
2) using resistors as a load significantly reduces the amplitude of the EM wave, which excites oscillations in the antenna;
at that, the amplitude of the radiated pulse decreases slightly.

CONCLUSIONS

The complex approach used in the paper (consideration of "simplified" theoretical and "full" experimental models)
has its advantages. Simplification makes the theoretical model more universal and allows studying the basic regularities of
signal formation and radiation without the influence of distorting factors. Considering the "full" experimental model allows
for obtaining and analyzing the real spatial-temporal distributions of EM fields created by the antenna system under study.
Thus, a complex approach, including theoretical (modeling) and experimental analysis, provides the most complete and
effective study of the given experimental task. The mutual close correspondence of the results of calculations and
experiments confirms the correctness of the chosen model and, as a result, opens up the possibility of an in-depth study of
the dynamics of the change in the UWB pulse fields both in the near and far zones of the antenna.
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As a result of the research, it was concluded:

1) from the point of view of practical use, square-shaped radiators are better than rectangular ones because the amplitude
of the useful signal radiated by them is about 30% larger, and the post-pulse oscillations are the same as those of a
rectangular-shaped radiator;

2) the largest efficiency of radiation at the minimum level of post-pulse oscillations is achieved if a load resistance of
(200+300) Ohm;

3) when using a square radiator without load, the amplitude of the useful pulse depends only on the length of the dipole.
In contrast, the amplitude of post-pulse oscillations is almost independent on the length of the dipole.

Thanks to the active mode of antenna excitation, the need to match the impedance of the feeder and the radiator can be
abandoned. So, there are no mismatch losses. This also opens the possibility of using resistive elements with arbitrary
resistance to suppress oscillations in the radiator. So, it is possible to select the optimal load under which the post-
pulse oscillations are minimal, and the amplitude of the radiated field pulse remains large.
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SMEHIIEHHS AMILTITYJIA TA TPUBAJIOCTI NICIAIMITYJIbCHAX KOJINBAHb B AKTABHIN
BUITPOMIHIOBAJIGHIN AHTEHI THUITY “BOW-TIE”
Tennagpiii I1. Tlouanin!, Muxaiino B. Hecrepenko?, Onexcanap A. Opaenko!, Tersina M. Orypuosal,
Ipuna €. Iouaninal, Bagum II. Py6an!
!Inemumym padiogisuxu ma enexmponixu in. O.A. Yeuxosa Hayionanonoi axademii nayx Yrpainu,
eyn. Ax. Ilpockypu, 12, m. Xapxis, Vkpaina, 61085

?Xapxiecvruii nayionansnutl ynisepcumem imeni B.H. Kapasina, maiioan Ceoboou, 4, m. Xapxis, Yipaina, 61022
Y craTTti JOCHIIKYETbCS OOWH 13 CHOCOOIB MPUAYIICHHA MICIASIMIYTCHAX KOJMBaHb y Haammpokocmyrosux (HILC)
SJICKTPOMATHITHUX IMIyJIbCAX, IO BHIPOMIHIOIOTHECS aHTEHOIO THITy «Bow-Tie», 30ykeHOI0O B aKTHBHOMY DPEXHMI (TeHepaTop
IMITyJIbCIB pO3TAIIOBaHMI Oe3rocepeJHEO0 HA BUIpoMiHIOBadi). OCKiNbKU e MeTon 30yMKeHHsS He BUMarae OalaHCyBaHHS a0o
IHIIMX 32c001B, HEOOXIAHUX IS Y3TOPKEHHS aHTEHH, CTBOPIOIOTHCS YMOBH sl 30UIBIIEHHS BUIIPOMIHIOBAHOT IIOTYXKHOCTI TIPH Tii
caMili CIIOKMBaHI MOTYXHOCTi. JJIs NpUAYLICHHS MICASIMIYJIBCHUX KOJIMBAaHb Y BUIIPOMIHIOBAHOMY IOJi BHKOPHCTOBYIOTHCS
PE3UCTHBHI €JIEMEHTH 3 BHCOKHM OIOPOM. BOHM pO3TaIIoOBYIOThCS MOOIM3Y mkepesa 30yKeHHs, 11100 NOTIMHATH HAKOIIMYEHY B
aHTEeHI HeBUIIPOMIHEHY YaCTHHY eHeprii. EkcriepruMeHTaIbHO [TpoaHasli3oBaHo BILTUB (opM-(aKTopa aHTSHH Ta ONOPY HABAaHTAXKCHHS
Ha OpMy CUTHAJY, 0 BUIPOMIHIOETHCS.
KurouoBi ciioBa: Haowupoxocmyeosuti cuenan, anmena muny «Bow-Tiey», 6Unpominiogane enekmpomacHimue noie; nicasiMnyibCHi
KONUBAHHA, AKMUBHA AHMEHA





