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ACTIVE-PASSIVE PULSE NOISE RADAR OF THE 3MM RANGE
AND THE RESULTS OF PRELIMINARY TESTS

The subject of this manuscript is broadband noise signals and systems. The aim of this research is to show the
results of a modern active-passive 3-mm waveband system consisting of a noise-pulsed radar and a radiometer.
Noise radar systems (NRS) based on broadband signals are characterized by high resolution, accuracy, and infor-
mation content when performing unambiguous measurements of the range and speed of targets, as well as increased
electromagnetic compatibility and noise immunity. These distinctive features of NRS determine the relevance of
their construction for practical tasks of short- and medium-range radar. Additional opportunities for ensuring se-
crecy, reliability of detection of objects, and their tracking are provided by the combination of active and passive
location modes in conjunction with advancement to the short-wave part of the millimeter (MM) wave band (WB).
The most important characteristic of any pulsed radar, which largely determines its potential for practical appli-
cation, is the operating frequency, as well as the shape and width of the probing signal spectrum. The main idea of
this work is to describe the construction scheme and the results of preliminary tests of the developed active-passive
system in the 94 GHz band with a noisy 20-100 ns illumination pulse in the 5 GHz band. The obtained values of
the energy potential of the system in the active location mode (-105 dB) and the achieved radiometer sensitivities
in the passive mode (0.007K and 0.03K) make it possible to observe ground and air objects at a distance of several
kilometres. Noted that the measured parameters of the radar, in the case of processing the received signal by pulse
compression methods, make it possible to count on ensuring the resolution of targets in range at the level of
10-15 cm. A multiple (more than an order of magnitude) decrease in the interference fluctuations of the received
signal, which is due to the facet nature of the backscattering of targets, has experimentally demonstrated using a
noise probing pulse compared to a single-frequency pulse. The methods for further work on the development and
practical application of the constructed measuring system are outlined.

Keywords: noise radar; active-passive systems; broadband noise signals; millimetre range; radiometers.

1. Introduction

Motivation. All modern users of radar systems are
in constant need of improving the quality and quantity of
information from the observed space. The most important
components for meeting such needs are the following: in-
creasing the angular resolution and range resolution of
radars, reducing spatio-temporal fluctuations of the re-
ceived signal, and ensuring the secrecy of monitoring the
radar situation.

Promising radar systems should provide improved
target recognition by constructing long-range portraits,
increasing the accuracy of determining the speed and co-
ordinates of objects, and reducing the likelihood of miss-
ing targets and false alarms. The solution of these com-
plex problems in modern radar systems can be achieved
using efficient broadband technologies [1, 2] and new so-
lutions in the field of signal processing [3, 4].

State of the Art. Active and passive noise locations
are promising areas of research to solve this problem. In

this regard, in recent years, interest in noise radar meth-
ods has increased [5].

Noise radar systems based on broadband signals are
characterized by high resolution [7, 8], accuracy and in-
formation content [9, 10] when performing unambiguous
measurements of the range, speed [11, 12] and angular
coordinates of targets [13, 14]. They are also character-
ized by electromagnetic compatibility and noise immun-
ity with respect to external and harmful interference, for
example, with facet scattering or multipath propagation
of signals. Devices in these studies currently involve the
use of narrowband deterministic signals, which limits
their potential technical characteristics. Given the signif-
icant breakthrough in the development of wideband and
ultra-wideband radio electronics, it is promising to create
on-board radio complexes capable of obtaining the nec-
essary information using wideband stochastic signals.

Noise radars are also distinguished by the secrecy
of their emissions and the low probability of detection by
radio equipment. An important characteristic of such ra-
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dars is their electromagnetic compatibility with other ra-
dio equipment because of the low spectral density of
broadband probing signals. These distinctive features of
NRS determine the relevance of their construction for
various practical applications of short [15, 16] and me-
dium-range radar with ultrahigh resolution [17, 18].
These papers describe the concept of cognitive radar and
the problem of corrupted radar super-resolution, which is
a generalization of compressed radar super-resolution in
which one aims to recover the continuous-valued delay-
Doppler pairs of moving objects from a collection of cor-
rupted and noisy measurements. This novel-compressed
sensing approach offers great potential for better resolu-
tion than that of classical radar.

Additional improvements in the secrecy of opera-
tion and an increase in the target detection range can pro-
vide spatial separation of the receiving and transmitting
radar units. For example, in work [5], the authors estab-
lished mathematical similarities between noise radar and
dual-channel synthetic aperture radar and proposed a
simplified evaluation system that results in identical de-
tection performance in the simulation. In this study, spa-
tial separation of the radar transmitter and receiver units
is considered as a means of reducing the masking effect
in noise radars [6]. The system uses pseudo-random
noise, which is generated digitally at the receiver and
transmitter units. This study shows that by separating the
transmitter and receiver unit, the masking effect is re-
duced significantly compared with a monostatic setup.
This reduction is sufficient for the system to detect a
slow-flying UAV. However, the complexity of digitali-
zation in the MM wavelength and the short-wave part of
the centimeter WB has so far limited the scope of appli-
cation of this approach.

Additional opportunities for ensuring stealth and re-
liability of object detection and tracking are provided by
combining passive [19, 20] and active [21, 22] location
modes in conjunction with advancement to the short-
wavelength part of the MM wave band. Advancement
into this range increases the radar cross-section (RCS)
and contrasts of the observed objects while improving the
spatial resolution of the radar.

In our works [23, 24], based on the developed math-
ematical apparatus and computer modeling, we demon-
strated the possibility of detecting aircraft in passive ra-
diometry mode at ranges reaching several kilometers,
which was then experimentally confirmed using a spe-
cially developed four-frequency radiometric complex.
The works [23, 24] describe the possibilities of increas-
ing the probability of target detection in ultra-wideband
location modes by calculation.

This work is a continuation of works [23, 24] and is
devoted to the description of a combined active-passive
system in the 3 mm WB and preliminary results of testing

its performance. The described active-passive system,
consisting of a noise pulse radar and a radiometer, was
developed and manufactured at the Department of Aero-
space Radio-Electronic Systems of National Aerospace
University "Kharkiv Aviation Institute”.

Objectives. The purpose of this study is to describe
the developed design, construction schemes, and param-
eters of key elements of an active-passive noise radar of
the 3 mm WAB, as well as to present the results of its pre-
liminary field tests.

The described system, characterized by high stealth
and potentially increased range resolution, is intended for
subsequent research and comparison of radar and radio-
metric contrasts of UAVs, knowledge of which is neces-
sary to detect aircraft located against the background of
the Earth’s surface or sky.

To achieve the stated goals of the work, it was nec-
essary to solve and complete tasks such as developing a
scheme for constructing single-antenna and dual-antenna
versions of the radar (section 2), ensuring the configura-
tion and measurement of the parameters of its key ele-
ments and the assembled system (section 3), working out
issues of a methodological nature (section 4), conducting
a cycle of full-scale tests of the radar’s performance, and
outlines ways for further development of this promising
area of work (section 5).

2. Scheme of construction and main
parameters of the impulse noise radar

The most important characteristic of any pulsed ra-
dar, which largely determines its potential for practical
application, is the operating frequency, as well as the
shape and width of the probing signal spectrum. In the
designed radar, the average operating frequency is 94
GHz, which is located near the central part of the atmos-
pheric transparency window.

It is known [25] that because of the involvement of
received signal processing procedures by pulse compres-
sion methods, the expansion of the frequency band of the
pulse itself makes it possible to achieve multiple in-
creases in resolution, in both the range and speed of ob-
served objects. In practice, this procedure can be imple-
mented in two ways: by fast, almost linear, frequency
tuning within a pulse or by using a stochastic generator,
in which rapid random changes in the generation fre-
guency occur, which turns its spectrum into a noise-like
one. Both of these approaches for bandwidth expansion
in one pulse are difficult to implement, even with the use
of digital signal synthesis, because they require an instan-
taneous bandwidth of more than 3 GHz. However, such
a signal can be formed parametrically because of the
properties of the active element of the transmitter.
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One of these options is the behavior of pulsed im-
pact ionization avalanche transit-time (IMPATT) diodes
when they are included in low-Q resonators, which
makes it possible to achieve a change in the generation
frequency within a 100-ns pulse in GHz. To build a noise
radar, this type of generator is used. The transmitter is
built based on a pulse generator with IMPATT diode and
is capable of generating pulses with a duration of 20, 30,
and 100 ns at a 50% power level at a pulsed power level
of 1 W in the 5 GHz band with a center frequency of 94
GHz.

Figure 1 shows a scheme for constructing a radar
with noise filling of the probing pulse. The RF element
base used in its construction and some circuit solutions
are based on the developments of the State Enterprise
"Research Institute "Orion™.

The radar works as follows. The transmitter signal
through the transmit-receive circulator enters a two-mir-
ror Cassegrain antenna system (AS) with an aperture of
15 cm (radiation pattern width (RP) is 2.1°). The receiver
with a two-band operation mode in the 2 GHz band was
built according to a superheterodyne scheme.

AS Y- P-i-n Y- Mixer and IF
circulator attenuator circulator preaplifier
generator

LOG —
| e | |detect0r |‘__|1Fﬂpllﬁel

I

Power
termination

Osciloscope
RTO 2044

Fig. 1. Block diagram of the noise pulse radar
of the active-passive measuring system 3 MM WB

The signal reflected by the target, having passed the re-
ceive-transmit circulator, the p-i-n attenuator, and the de-
coupling Y-circulator, enters the balanced mixer. The re-
ceiver uses a high-speed p-i-n diode modulator-attenua-
tor with a switching time of no more than 2 ns. The mod-
ulator closes when the transmitter is in operation to pre-
vent the receiver from being damaged. A balanced feed-
through mixer with an intermediate frequency (IF) low-
noise amplifier (LNA) structurally built into its housing
provides a single-sideband noise figure of 6 dB at fre-
quencies of 94+1.5 GHz. The local oscillator (LO) signal,
based on the Gunn diode, is tuned to a frequency of 94
GHz and is fed to the mixer from the rear side of the mix-
ing chamber feed-through waveguide.

After amplification in the LNA and IF, the interme-
diate frequency signal is fed to a logarithmic envelope
detector with a bandwidth of 40 MHz. The sensitivity of

the logarithmic detector is 12 mV/dB. The pulse genera-
tor synchronizes all radar operations. The accumulation
and registration of the received signal is performed using
the service capabilities of a Rohde-Schwarz (RTO 2044)
5 GHz digital oscilloscope or an ADC-PC circuit. The
measured value of the dynamic range of the receiver ex-
ceeds 60 dB. The appearance of the microwave part of
the noise-incoherent pulsed radar is shown in Fig. 2.

Fig. 2. Appearance of the high frequency (HF) part
of the noise incoherent pulse radar 3 MM WB

3. Results of the preliminary tests
of the noise impulse radar

Preliminary full-scale tests of the built active-pas-
sive system carried out at KhAl demonstrate that in the
active radar mode for weakly reflecting objects that were
observed at distances up to 2 km (without using special
methods for processing the received signal), a range res-
olution of approximately 3 m was obtained with a pulse
duration of 20 ns. At the same time, the minimum target
detection range from the transceiver antenna was approx-
imately 2 m. The transmitter used in this radar with a
noisy pulse in the 5 GHz band, as well as the receiver
band matched with it, will in the future make it possible
to increase the range resolution to a few centimeters by
involving the procedures for processing the received sig-
nal by pulse compression methods.

Figure 3 and Figure 4, as examples, show oscillo-
grams of the radar output signals observed on the oscil-
loscope screen during trial sounding of the surrounding
space at short and medium ranges, respectively.

It is appropriate to note that in addition to the poten-
tial possibility of multiple improvements in the resolution
of the developed radar, another advantage of using a
noise probing signal, compared to a monofrequency sig-
nal, should be considered a multiple reduction in the in-
terference fluctuations of the received signal, which are



40

Radioelectronic and Computer Systems, 2023, no. 3(107)

ISSN 1814-4225 (print)
ISSN 2663-2012 (online)

caused by the facet nature of the back reflection from
most of the observed types of targets. Therefore, in the
case of using a probing signal in the form of a noise-like
pulse, the movement of one of the 2 corner reflectors rel-
ative to the other in the spot of the antenna pattern led to
1-2 dB changes in the total RCS.
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Fig. 3. The received signal 20ns reflected from

the windows of a building with four air conditioners

in the spot of the antenna pattern at an angle of 45°
at a distance of 180 m (a four-component pulse

on the right). On the left, the suppressed transmitter

pulse leaked into the receiver

When conducting a similar experiment using a
monofrequency pulse transmitter, a significant, up to 15
dB, change in the total RCS was determined. This result
makes it possible to count on the appearance of additional
possibilities for selecting targets according to the charac-
teristic value of their RCS when using a noise-like prob-
ing pulse.

4. Main parameters of noise radar during
transition to passive (radiometric)
location mode

The HF part of the noise-filled impulse radar circuit
described in the previous section was integrated into the
radiometer circuit. The practical implementation of this
technical solution does not require significant changes to
the HF part of the radar, except installing a Y-circulator
as an isolator between the protective modulator and the
mixer. The same structure and spectral characteristics in
the operating frequency band of the receiver, the trans-
mitter signal, and the equilibrium radiation emitted by
environmental objects make it possible to use the micro-
wave part of one receiver both for radiometry and for ac-
tive location by spreading their work in time.

At the same time, to build a radiometer based on the
HF path of the noise radar, it was also necessary to re-
place part of the IF path (after the intermediate frequency
preamplifier of radar) with an IF with a gain of 27 dB in
the 0.2-2.3 GHz band and a square-law detector at the
output. The need for such a replacement was due to the

fact that the use of a logarithmic detector at the output of
the IF channel of the NRS makes it difficult to calibrate
the radiometer using the 2-load method (there is a deteri-
oration in accuracy due to the nonlinearity of Ksignal propa-
gation IN the logarithmic radar detector).

a)

8400

12600 t,ns
b)

Fig. 4. Experimental conditions (a) where red spot is the
approximate position of the RP and the received signal
(b) is reflected from three buildings at a distance of
1.8 km (right impulse) and 1.14 km (middle impulse)
and 0.39 km (left impulse). On the left, the transmitter
pulse leaked into the receiver.

Figure 5 shows a schematic of the construction of
the developed 3-mm radiometer as part of a noise-pulsed
radar. In the process of building a radiometer combined
with a single-antenna version of the NRS, it was neces-
sary to abandon the scheme of the total power radiometer
with an HF LNA at the input in favor of a modulation
scheme without an HF LNA. Such a replacement is nec-
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essary to compensate for the instability of K signal trans-
mission in the HF and IF paths of the radar receiver and
because of the critical dependence of the HF LNA on
high transmitter power levels leaking into the receiver. In
the implemented modulation scheme for constructing the
radiometer, the alternate switching of the noise signal
coming from the antenna and from the blocking attenua-
tor is provided by a 1000 Hz meander, which was simul-
taneously supplied from the synchronizer to the ADC for
digital synchronous detection and to the p-i-n attenuator,
intended in active location mode to block the receiver
from the transmitter pulse leaking through the Y-circula-
tor. Together, these measures made it possible to increase
the fluctuation sensitivity of the radiometer in the modu-
lation design by almost two orders of magnitude com-
pared to a radiometer built on a similar element base ac-
cording to the full power scheme.

As b Y-circulator P-i-n Y-circulator| |Mixerand IF
(Isolator) modulator (Tsolator) preaplifier

1 1

Synchronizer LO

Square-law o

PC o ADC detector IF aplifier

Fig. 5. Scheme of a radiometer as part
of a noise-pulsed radar

This sensitivity of the system makes it possible to
detect flying objects observed against the background of
the sky [24, 29] at distances of up to several kilometers.

Figure 6 shows fragments of the calibration records
obtained by determining the sensitivity of the constructed
radiometer using the two-load method. Here, as matched
loads, the radiation of the “Vors”-type radio-absorbing
material received by the antenna (T,=298K) and the radi-
ation of the near-zenith region of a clear atmosphere are
used. The radio-brightness temperature of the atmos-
phere was calculated using the Liebe radiophysical
model [26] and the meteorological model of the altitude
distribution of meteorological parameters
ERA-15 [27, 28] based on measured surface meteorolog-
ical data. The measured fluctuation sensitivity is approx-
imately 0.03 K with an integration time of 1 s.

Radiometer in a two-antenna version
of an active-passive system

There are two ways to provide simultaneous mode
of active noise and passive location (operating mode
without turning off the transmitter and sequential switch-
ing of the IF and LF parts of the receiver). One of them

is based on the use of an additional second antenna with
a radiometric receiver. The second method can be imple-
mented based on the already described single-antenna
variant by providing the combination of active and pas-
sive modes by the method of their separation within the
inter-pulse interval of the radar (in this radar —50us). The
implementation of the second, single-antenna variant of
combining an active-passive noise radar with the separa-
tion of these modes within the inter-pulse interval of the
radar is supposed to be implemented in the subsequent
stages of this research.
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Fig.6 Fragments of recording the output level
of the signal (mV) received from the matched load
(ML) of the antenna (298K) and the signal received
from the clear sky toward 40° from the zenith (79 K)
during the calibration of the radiometer (a),
as well as an enlarged fragment of the recording of the
output signal of the antenna received from ML (b)

At the current stage of work, the first option has
been developed and implemented using a second antenna
with a separate radiometer. Its drawback, which consists
of the need to use an additional antenna system, is to
some extent compensated by an increase in the range of
the passive system due to additional possibilities for the
implementation of a radiometer that is many times more
sensitive. The use of a stand-alone radiometer HF path,
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not connected to the radar circuit, makes it possible to
increase its sensitivity due to its broadband operation
mode, as well as due to the use of HF LNA in the input
circuits of the device and the use of a direct amplification
circuit.

Receiving systems for radiometers are usually built
using direct amplification circuits or superheterodyne cir-
cuits, i.e., full power circuits or modulation circuits. Di-
rect amplification schemes provide a large bandwidth
and no conversion losses in the mixer, and hence in-
creased sensitivity, which is especially important in pas-
sive radar applications.

Although the potentially achievable sensitivity of
total power radiometers is twice as good as that of mod-
ulation-type radiometers, modulation-type radiometers
have found the widest application in the short millimeter
wave range until recently. Such schemes make it possible
to compensate for the negative effect of path gain insta-
bility on radiometer sensitivity. Based on the above con-
siderations, its construction requires a direct amplifica-
tion circuit of the modulation type.

In the process of designing and building modern ra-
diometers, it also makes sense to pay attention to the lat-
est achievements in the field of circuitry and technologi-
cal solutions of radio electronics, which are based on the
use of GaAs technologies and have made it possible to
create ultra-low-noise transistor amplifiers with noise
temperatures of only a few hundred K up to 3mm WB.
Therefore, it is advisable to use the LNA by placing it in
the input circuits of any radiometer circuit.

Figure 7 shows a schematic of the construction of a
3-mm range radiometer connected to a separate antenna
of the measuring system, and Figure 8 shows the external
view of the RF path of this radiometer.

P-i-n Square-law

AS modulator [ "] LNA detector
J—
3 PC (with digital
Synchronizer # ADC —»| synchronous
detection)

Fig. 7 Scheme of a radiometer as a part
of a two-antenna variant of an active-passive radar

The main parameters of the nodes of the HF part of
the radiometer built according to this scheme, which de-
termine its main parameter, the fluctuation sensitivity,
are as follows:

- signal loss in the p-i-n modulator in the band
75-110 GHz does not exceed 0.4 dB;

- the noise figure of the LNA in the band
75-110 GHz does not exceed 3dB;

- the sensitivity of the square-law detector in the
band 75-110 GHz is not worse than 750 mV/W.

Fig. 8. External view of the HF part of the radiometer
in the range of 75-110 GHz built at the Department
of Aerospace Radioelectronic Systems of KhAl:
1- p-i-n modulator, — LNA 75-110 GHz,

3 —square-law detector

The procedure for processing the received signal is
performed by its synchronous detection and accumula-
tion of the signal in digital form after the ADC is con-
nected to the square-law detector.

Figure 9 shows the calibration records of this radi-
ometer in the modulation mode, which were obtained
when estimating its fluctuation sensitivity by the two-
load method, according to the procedure already de-
scribed for the radiometer built into the single-antenna
version of the system. To estimate the dispersion of
measurements, filters and methods similar to those used
in image filtering [30, 31] can be applied.

Measured values of fluctuation sensitivity with an
integration time of 1 s in the absence of cooling of the
receiver with a reception band of
75-110 GHz (at room temperature) amounted to approx-
imately 0.007 K.

This sensitivity value allows, for example, further
double the detection range of flying objects compared
with the radiometer described in the previous section. It
is appropriate to note that an attempt to implement the
described radiometer in the full power mode on this ele-
ment base showed the sensitivity value by almost two or-
ders of magnitude worse — its value is about 0.6 K.

5. Discussion

The developed scheme for constructing a radar
(Section 2) and the parameters achieved during its imple-
mentation (energy potential, receiver sensitivity, dy-
namic range and spectral width of the sounding signal)
make it possible to provide a practical solution to various
problems of active location in the range from 2m to sev-
eral kilometers (Section 3) with a range resolution of 2m
to 15m (depending on the pulse duration set within 20—
100 ns).
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Fig. 9. Fragments of recording the output level
of the signal (mV) from the matched load of the antenna
(290K) and the signal from the sky in the direction
of 60° from the zenith (126K) during calibration
of the radiometer (a) and an enlarged fragment
of the recording from the ML of the antenna (b)

This result can be considered acceptable for solving
many short-range problems. It is also appropriate to note
that the spectral width, operating frequency range, and
emitted power level implemented in the active location
mode provide not only a significant increase in the stealth
of the developed system but also can significantly in-
crease the range resolution (by more than an order of
magnitude) when using the received data processing sig-
nal using the pulse compression method. In the near fu-
ture, achieving a range resolution of 10-20 cm with re-
peated minimization of the faceted nature of fluctuations
of the received signal will allow to count on solving the
urgent problem of constructing radar portraits of many
types of targets to ensure their identification.

The highly sensitive receiver circuit implemented in
the radar is designed considering the possibility of its use
in the passive location mode (Section 4). Simultaneously,
laboratory studies of sensitivity showed the need to
switch the radiometer to modulation mode to eliminate
the influence of insufficient stability of the overall gain
of the path to achieve a high sensitivity of 0.03 K. A sim-
ilar approach was used in the development of an ultra-

wideband 3mm radiometer in a two-antenna version of
the active-passive system (section 4.1). Technical solu-
tions such as the choice of a direct amplification modula-
tion scheme, the use of a low-noise LNA at the input, and
a 35 GHz receiving band made it possible to improve the
sensitivity achieved in the single-antenna version of the
system by 4 times.

The use of a combined active-passive mode allows
not only to further increase the secrecy of the system but
also increases the likelihood of detecting low-contrast
objects observed against the background of the sky or the
Earth’s surface. To specify and evaluate the advantages
of using such combined active-passive algorithms and
ohservation modes, it is necessary to perform additional
full-scale and computational studies of this issue that we
have planned using the measuring complex described in
this work.

Conclusions

The developed, built, and experimentally tested ac-
tive-passive pulsed noise radar of the 3 mm WB demon-
strated its performance during field tests at distances
from a few meters to several kilometers. The pulse radar
and radiometer device described herein includes units
that are built on the basis of a modern element base with
the given measured parameters and are at the level of the
latest achievements in the small-scale field of electronic
technology.

Calculation estimates and preliminary experiments
also show that the obtained values of the radar energy po-
tential, the spectrum widths of the emitted noise pulse
and the received signal of thermal noise or illumination
noise, as well as the achieved sensitivity values of radi-
ometers, make it possible to ensure high-precision and
comprehensive studies aimed at optimizing the use of
promising active-passive modes in target detection and
tracking tasks.

The work also notes the expediency of developing
and using pulse compression methods in the described
measuring complex by correlative processing of the re-
ceived signal to increase the spatial resolution in range
multiple times (by more than an order of magnitude). The
use of this opportunity should make it possible to recog-
nize and identify observed objects by constructing their
radar portraits.

Future research directions. Further development
of the described measuring system will be aimed at the
implementation of single-antenna parallel active and pas-
sive location modes by separating them within the inter-
pulse interval. There are also plans to develop software
and methodological support for the digital processing of
received signals by pulse compression.

Successful solution of these problems will enable
the formation of a radar portrait of an object and the
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development of systems for automatic recognition of an
object by its portrait, which qualitatively increases the in-
formation capabilities of traditional radar systems.

Radars built using the proposed technology can be
used in navigation [32, 33], remote sensing [34, 35], and
cognitive radar cells [35, 36].
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AKTABHO-TIACUBHUM IMITYJIbCHO-IITYMOBHM PAJIAP IIATTA30HY 3MM
TA PE3YJIbTATH HOI'O IIOIEPEHIX BUITPOBYBAHb

Mukona Pyxcenyes, Onez I'puocokuii, Cepeiii Manwvuyes, Cepeii Illesuyk,
Bonooumup Ilagnixoe, I'nio Yepennin,
Cemen Kuna, Eoyapo Ilepne

[Ipeamerom moCiiKEHHS € ITMPOKOCMYI'OBI IITyMOBI CHT'HAJIM Ta CUCTEMH. MeTa J0CiDKEHHS — I0Ka3aTu pe-
3yJAbTAaTH POOOTH CYy4acHOI aKTHBHO-TIACHBHOI CUCTEMH 3 MM [lialla30HYy XBWJIb, 110 CKJIAJA€THCS 3 IIYMOBOT'O IMITy-
JILCHOTO pajapa Ta pamiomerpa. IllymoBi pamionokariiai cucremu (IIIPJI) Ha OCHOBI NIMPOKOCMYTOBHX CHTHAJIIB
XapaKTePU3YIOTHCSA BUCOKOIO PO3/IUILHOIO 3/IaTHICTIO, TOYHICTIO Ta iHQOPMATHBHICTIO TIPY BUKOHAHHI OJHO3HAYHHUX
BHMIpIOBaHb JAJILHOCTI Ta MIBUAKOCTI IIJICH, & TAKOXK ITiIBHIIICHOIO €JICKTPOMArHITHOIO CYMICHICTIO Ta 3aBa103aXH-
mienicTro. Li BigminHi ocodmupocTi [IIPJI 3yMOBITIOIOTE aKTYaJIbHICTD 1X KOHCTPYKIT JUTs MPaKTUYHUX 3aBnaHb PJIC
MaJIoi Ta CepeaHbOl AaabHOCTI. JI0AaTKOBI MOXKITUBOCTI JJIs 3a0€3MMeUeHHS CKPUTHOCTI, HAITHOCTI BUSBIICHHS 00'€-
KTiB 1 IX CYNpOBOJY Halla€ MOEJHAHHS aKTUBHOTO 1 MACHMBHOTO PEXHMIB JIOKAIlil B IMOEAHAHHI 3 MIPOCYBaHHSM Ha
KOpPOTKOXBHJIbOBY YacTHHY MiJlimeTpoBoro (MM) nianazony xBuihb (/1X). HaliBa>knuBiio XxapakTepucTHKOIO Oyib-
SIKOT'0 IMITYJIbCHOTO PaJioJIOKaTopa, sika 0araTo B YOMY BH3HAYa€ MOMIIMBOCTI HOTO MPaKTHYHOTO 3aCTOCYBAHHS, €
poboua vacTora, a Takok (opma i MHUPHHA CIIEKTPa 30Hy0Y0ro curHainy. OCHOBHOIO i7Ie€f0 pOOOTH € OIHC CXEMU
KOHCTPYKIIIT Ta pe3yJIbTaTiB MONEPeAHIX BUMPOOYyBaHb PO3pPO0IICHOT aKTUBHO-TTIACUBHOI cCHCTeMH B Aiana3oni 94 [Ty
3 IIYMOBHMM iMmyabcoM mincBivyBanHs 20—100 He B gianazoni 5 I'Tn. [TokaszaHo, mo oTpuMaHi 3HaYeHHs €HEPreTH-
YHOI'0 TIOTEHI[Ia]ly CHCTEMH B pexuMi akTUBHOI Jiokawii (-105 ab) i JocsATHYTI 4yTIMBOCTI pajlioMeTpa B TACHBHOMY
pexumi (0,007K ta 0,03K) 103BONSIOTH ClIOCTEpIiraT Ha3eMHi Ta MOBITPSIHI 00’ €KTH Ha BIICTaHb Y KiJIbKa KIJIOMET-
piB. 3a3HauaeTkes, 1m0 BuMipsHi napamerpu PJIC, y pasi oOpoOKH OTPUMAHOTO CUTHAITY METOJAMHU CTHCHEHHS 1IMITy-
JIBCIB, JIO3BOJISIIOTH PO3paxoBYBaTH Ha 3a0e3Me4eHHs PO3ALIbHOI 3/IaTHOCTI Iiyieit Ha JajbHOCTI Ha piBHI 10-15 cm.
ExcrieppuMeHTanbHO MPOAEMOHCTPOBaHO OaraTopa3oBe (OUTbII HIXK Ha MOPSAOK) 3MEHILEHHS iHTepepeHIiiHnX
¢uykTyaliil IpUiHATOrO CUTHAITY, 3yMOBJICHHX ()aCETKOBOIO MPUPOIOI0 3BOPOTHOIO PO3CIIOBAHHS IIJIEH, y pa3i BU-
KOPHCTAHHS LTYMOBOT'0 30HIYIOUOT0 IMITYJIbCY HOPIBHSHO 3 OMHOPAa30BHM - 4acTOTa Iybcy. OKpecIeHO IUISXH MO~
JIAJIbIIOT pOOOTH 3 PO3POOKH Ta MPAKTHYHOTO 3aCTOCYBAaHHS MMO0Y/I0BAHOI BUMIPIOBAIILHOT CUCTEMHU.

Koarwouosi ciioBa: nryMoBuil pagap; akTUBHO-MIACHBHI CHCTEMH; IIMPOKOCMYT'OBI IIIYMOBI CHTHAJIU; MLTIMETPO-
BUI [iamia3oH; pagioMeTpH.

PyxenueB Muxona BikropoBu4 — 11-p TeXH. HayK, Mpod., TOJIOB. HAyK. CMiBPOO. Kad. aepOKOCMIYHUX Paio-
eNEKTPOHHUX cucTeM, HalioHanbpHuit aepokocMiuHuil yHiBepeuTeT iM. M. €. JKykoBcbkoro "XapkiBchbkuil aBiarriii-
Huii iHcTHTYT", XapKiB, YKpaiHa.

I'pubcbknii Oaer IerpoBuy — crapin. Hayk. criBpo6., Jepxashe mianpuemctso “HaykoBo-gocmiaHuii iHCTH-
Tyt “OPIOH”, KuiB, Ykpaina.

MaabueB Cepriii BopucoBuu — crapin. Hayk. cmiBpo0., JepxkaBHe mianpuemctBo “HaykoBo-mociinHuii iH-
cruryt “OPIOH”, Kuis, Ykpaina.

leBuyk Cepriii IMmuTpoBuy —3acT. Had. Big. Ne 91, JlepxkaBHe minnpruemctBo “HaykoBo-mocifHIH IHCTUTYT
“OPIOH”, KuiB, Ykpaina.

IMaBaikoB Bosonumup BojiotuMupoBHY — 1-p TeXH. HayK, CTApII. HAyK. CIIBPOO., IPOPEKTOP 3 HAYKOBOI
pob6otu, HarionansHuit aepoxocMmiuamii yHiBepeuTeT iM. M. €. JKykoBchkoro «XapkiBCbKHH aBiaIliitHUI iHCTHTYTY,
XapkiB, Ykpaina.

Yepennin I'1i6 CepriiioBu4 — acucrt. xag. aepoKOCMIYHUX padioeNeKTPOHHUX cucTeM, HamionansHui aepo-
KocMiuHUH yHiBepcuteT iM. M. €. JKykoBcbkoro "XapkiBchbKuii aBiamiiiauii iHcTUTYT", XapkiB, YKpaiHa.

Kuna Cemen CepriiioBuu— 1-p TeXH. HayK, Ipod., 3aB. Ka. aepOKOCMIYHUX paliOeIeKTpOHHUX cucTeM, Ha-
LiOHANTBHUH aepokocMiuHni yHiBepcuTeT iM. M. €. JKykoBcbkoro «XapKiBChKUIA aBialliifHUI 1HCTUTYT», XapKiB,
VYkpaina.

Lepue Exyapa OnexciiioBu4 — acucT. Kad. aepOKOCMIYHUX paliOeNeKTPOHHUX cucTeM, HarioHamsHII aepo-
kocMiuHUH yHiBepcuTeT iM. M. €. JKykoBcbkoro "XapkiBChKUiA aBiariitauii iHCTUTYT", XapkKiB, YKpaiHa.
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