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MULTIFUNCTIONAL ANTENNA DEVICE FOR PROTECTION OF RADIO

COMMUNICATION CHANNELS OF UNITS OF LAW ENFORCEMENT FORCES

Abstract. Safe conduct of mass events requires from law enforcement forces to protect the units’ radio communication
channels, detection and suppression of counterparty control radio channel. It also requires finding and destroying single-use
interference transmitters, the presence of which is a manifestation of the aggressive intentions of the crowd. This requires
means using antennas with directional properties, frequency ranges of which are determined by the established standard
and mass radio communications. In general, the antenna parameters of radio systems, radio intelligence, radio monitoring,
suppression are different requirements. Therefore, it is difficult to implement a universal antenna for many applications and
conditions. Ideal for operating an antenna can be considered one that could predictably change the properties when adding
(replacing) elements (modules), the parameters of which are known and consistent with the basic (basic) design. But serial
antenna of radio electronic means is finished devices and are not always amenable to improvement. So the article discusses
the possibility of using improvised antennas that have adequate models, as confirmed by numerous experiments, with the
main parameters whose values can be purposefully changed: frequency range, width and shape of the directionality chart,
its reflector properties, etc. An addition, software for such antennas is publicly available. Considering the functional
requirements, we have analyzed the designs of antennae "Radiator over a cylindrical surface", angular antennas and
antennas "Radiator over a plane", characteristics of which at the same sizes are approximately the same and are calculated
by the same formulas. The possibilities of angular antennas of the "open-book" type with different angles between
reflectors have been investigated. To do this, analytical simulations of technical solutions suitable for use in radio
communications of units of law enforcement forces were conducted. The efficiency of the proposed constructs was checked
and their characteristics were determined. Thus, the proposed technical solutions for angular antenna devices are able to

protect the radio communication channels of law enforcement units during mass events.
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Introduction

When performing assigned tasks of law
enforcement units (LEU) of Ukraine (especially during
mass events), there is a need to protect the information
of their own radio channels, detection and suppression
of counterparty control radio channels and search and
destruction of installed transmitter of single-use
interference, the presence of which is a manifestation of
the aggressive intentions of the crowd.

These tasks require radio communications using
antennas with directional properties, frequency ranges of
which are determined by the regular and mass radio
communications that are being used. The following
requirements are imposed on such antennas: small size,
design and operational simplicity, masking ability,
embedding into special devices or equipment, the ability
to use regular radios and/or interference generators as
sources of interference etc [1]. Currently, such means in
LEU are practically absent. Additional restrictions also
impose a special features of the conditions of units' radio
communication use: LEU usually work in campus — a
limited area of constant composition and locations
(student or military town, city squares, etc.); there is an
urgent need to ensure the mobility and stealthiness of the
use of radio communications; the use of standard
directional antenna devices available in the Armed Forces
is not possible in direct contact with the of counterparties.

We emphasize that the antenna parameters of radio
systems, radio intelligence, radio monitoring,
suppression have different requirements, so it is difficult
to implement a universal antenna for many applications
and conditions. In addition, during the operation of

radio electronic means (REM), the requirements for the
properties and values of their parameters may change
(increase), but the REM serial antennas are complete
devices and are not always upgradable [2, 3].

In general, the ideal antenna for operation can be
considered one that could predictably change the
properties when adding (replacement) elements
(modules), the parameters of which are known and
consistent with the basic (basic) design. Natural is also a
requirement to minimize the number of elements the
basic design and allowable geometric sizes. Additionally,
should take into account the need for installation
(mounting) antennas on vehicles or protective equipment,
and low sensitivity to variations of geometrical sizes of
the design and the possibility of its implementation in
terms of maintenance, etc. [4]. The above determines the
relevance and purpose of the publication — to consider
building a multifunctional antenna VHF/UHF ranges, to
offer recommendations on design elements and to
propose measures to increase the efficiency of use when
performing assigned tasks of LEU.

Analysis of recent studies and publications.
Within annotated purpose appropriate to consider
improvised antennas — construction (products) that meet
the following functional requirements:

- the antenna has an adequate model, confirmed by
numerous experiments, the software for which is in the
public domain;

- basic design is simple, supplemented with
variable elements to achieve the required properties and
predicted values of characteristics;

- the main parameters which values can be
purposefully changed are frequency range, width and
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shape (single-beam and multipath) of the directionality
chart (DC) and its reflector properties, etc.

From the point of functional requirements view,
we will analyze the designs of antennas of type
"Radiator over a cylindrical surface", angular antennas
and antennas of type "Radiator over a plane", which can
be considered as a limited case of an angular antenna
with an opening angle of 180°, identified by patent
search HO1Q19/13, HO1Q19/17, HO1Q19/19 (the list of
which is commensurate with the volume of this
publication) and from literature [2, 3, 5]. In addition, the
characteristics of these types of antennas of
approximately the same sizes are calculated using the
same formulas [2, P. 279].

In Fig. 1, a and 1, b show the appearance of the
basic designs of antenna devices in accordance with a
cylindrical reflector (CR) and an angular antenna (AA)
[5]; marked with: 1 —reflector, 2 — radiator.

Fig. 1 Basic antenna designs

In Fig. 2 shows the appearance of constructs with CR,
which are different from the base design (BD); marked
with: 3 — separating screen, 4 — additional reflectors. In the
table 1 gives a brief description of the constructs and the
technical results obtained with the changes.

Fig. 2 Variants of antenna constructions with CR

The possibility of using radiators of different designs
in the BD, which improves the frequency characteristics of
antennas and broadens their scope of application, was
considered in [8]. Also considered are technical solutions
based on the reflector as clippings from a cylinder formed
by one [9] or several [10] metal shields of the "®opr-1I{I1"
type. In Fig. 3 shows the appearance of AA constructs that
have differences from the base structure; notations similar
to those shown in Fig. 1. In the table 2 gives a brief

description of the constructs and the technical results
obtained with the changes.

Table 1 — Description of constructions of antenna devices
with cylindrical reflector

Difference from BD

Con- Variable element The technical result
struct
and/or parameter
Fie 2-a Reflector height (2- Width DCy; = 60-180°;
%’5] 4 Width DC = 20°; simple
Slit width (0,3-0,7)A | power system
Fig. 2-b | Separating screen Width DG, =20°;

Width DCy; = 30-60°;

3] Slit width (0,6-1,4) reduction of lateral petals

Additional 2 reflectors

Fig. 2-c Sizes of additional Increas'mg directional
[3] coefficient on 1-4 dB
reflectors
Fi The second radiator  |Reducing antenna
ig. 2-d . .
3] Radiators at an angle |transverse size by up to
to the vertical 30%
The radiator is Frequency-angle
Fig. 1-a asymmetric about the dependence of the DC

plane of symmetry;
location radiator, slit

(6]

without complicating the
antenna design

width (0,6-1,4)\

a) b)
Fig. 3 Angular antenna constructs variants

Table 2 — Description of the constructions
of angular antennas

Con- foference from BD The technical
Variable element and/or
struct result
parameter
Fig. 3-a Separating screen Reducing width
[3] parating DC; by up to 25°
Fi The corner antenna is three-di- L
ig. 3-a S . Essential sizes
7] mensional; Opening angle, re- reduction
flector height and radiator shape

Obviously, listed in table 2 constructs have not
exhausted the basic design, which makes the relevance
of the annotated construction of a multifunctional
antenna device to protect the radio communication
channels of the law enforcement units.

Highlighting previously unsolved parts
of a common problem. The goal of the work

The purpose of the study is to provide technical
solutions for angular antenna devices capable of
protecting the radio channels of law enforcement units
during mass events.

The objectives of the study are as follows: to
conduct analytical modeling of variants of VHF / UHF
angular antennas technical solutions suitable for use in
law enforcement units' radio communication systems; -
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to check the performance of the proposed constructs and
determine their characteristics.

Materials and methods

Ideal for use is an antenna that can change
parameters depending on the operating conditions, meet
the requirements of manufacturability of the basic
design, minimize the number of components and so on.

From this point of view, the possibilities of angular
antennas of the "open-book" type with different angles
between reflectors were investigated.

Study results of the antennas of "open book"
type. Table 3 shows the results of the authors'
simulations of the antenna "Radiator over a plane"
(opening angle 180°) for reflectors with proportional to
the wavelength A by sizes.

Table 3 — Characteristics of antenna type
""Radiator over a plane' variants

Distance § | Length of | - \w.qip o the | Directionality

to the the . o
reflector | radiator | ™20 petal (E), chart shape

0,22 0,46 A 77 1 petal
0,25\ 0,46 A 32 1 petal
0,32 0,46 A 90 1 petal
0,4\ 0,48 A 105 1 petal
0,5\ 0,48 A - 2 petals
0,6 L 0,48 A - main + 2 lateral
0,71 0,47\ - main + 2 lateral

In Fig. 4 in the azimuth plane shows a diagram of
one of the antenna’s variant and the directionality chart
as a result of a machine experiment. Marked with: a;,
o, o3 — the corresponding angles between the reflectors;
F1, F2, F3 — DC for different conditions of radiators
location (marked with black dots on bisectors of
corresponding angles).

The calculations are made for the opening angle of
the central sector o, = 90°. At a distance S of the
radiator from the top of the angle by 0,25\ width of the
DC F1 the width at the zero level is about 90°. It can be
reduced by increasing S by up to 0,75\, which reduces
the width of the main petal F2 of the directionality chart
by almost half. At a value of S = A, a zero dip (F3) is
formed in the DC.

270
Fig. 4 DC for a, =90°

Similar calculation experiments were performed
for the values of angles a, = 60° and a, = 45°. Their
results are shown in Fig. 5 and 6 (similar to those shown
in Fig. 4).

90
- 60

270 270
Fig. 5 DC for o, = 60° Fig. 6 DC for o, =45°

For the variant of the opening angle of the central
sector at 60° (see Fig. 2) calculable width of the
antenna’ directionality chart F4 at the zero level is about
60° and practically does not change at distance of the
radiator from the top of the angle a; on distances from
0,25A to 0,5A. The shape of the directionality chart can
be substantially altered to form a dip along the optical
axis by increasing S to magnitude A (F5).

If the opening angle of the central sector is equal
45° (see Fig. 3), calculable width of the antenna’
directionality chart F6 at the zero level is about 45° and
practically does not change at the distance of the
radiator from the top of the angle a3 at a distance from
0,25A to 1,0A. The shape of the directionality chart can
be substantially altered to form a dip along the optical
axis by increasing S to magnitude, which is
approximately 1,2\ (F7).

Thus, changing the opening angle of the antenna
together with the change of radiator location allows to
vary widely the DC shape of the single antenna.

Field study results of the antennas "open book"
type. The theoretical and practical experience of the
authors allow us to consider different variants of
multifunctional antenna device "open book" type, which
is based on the idea of constructing an angular antenna.
Fig. 7 shows the appearance of a device designed to
investigate the directional properties of layout such an
antenna; marked with: 1 — reflector of two metal plates,
2 —ruler, 3 — slider-hinged knot, 4 — radiator, 5 — optical
sight. When changing the opening angle, the ruler
always remains in the bisector of the angle due to the
design of the slider-hinged knot — the equilateral hinged
connection of the slider with the reflector plates (Fig. 8).

Fig. 7 Antenna layout

Selected reflector sizes: length L = (1-1,5)Amax
height H = 1,2)A,,.x, where A — wavelength in a certain
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range VHF/UHF. As the radiator used antennas regular
radios Kenwood and Motorola.

The use of angular antennas with different opening
angles between common adjacent screens makes it
possible to create combined antennas for different
functional purposes. Examples of such antennas can be
an antenna made in one half plane, with three antennas
having opening angles o, = a, = 03 = 60° (see Fig. 9) or
o = a3 = 45°, ap = 90°, or with four antennas having
equal angles of 45°, or other variants of the structure.

Fig. 8 Example of changing
the reflector opening angle

Fig. 9 Antenna device
with equal opening angles

Practical application of antenna device. Studies
have shown that the "open book" type antenna can
operate at different frequencies or in the receiving (to
determine the azimuthal angle of the direction of the
signal source or radio interference) or/and in the
transmitting (for radio communication or radio
counteraction) modes.

In the mode of determining the azimuthal angle,
two angular antennas with equal angles of aperture a,
and a3 work in the direction of the radiation source.
Their symmetrical directionality charts are summed up,
forming a dip in the direction of the bisector of the
angle ap. Thus, the minimum of the received signal level
determines the direction of the radiation source. The
same effect can be achieved by changing the position of
the radiator of the central antenna until point of dip in
its DC.

In radio counteraction mode, a central antenna
radiator is connected to the generator, the maximum of
the directionality chart of which, by geometrical
symmetry, is directed to a certain azimuth of the
radiation source, which is set, for example, by means of
an optical sight.

As the results of the experiments show, the level of
the side petals of the DC of such antennas can be
reduced by installing metal rectangular or circular
jumpers on the reflector in certain positions.

Comparative analysis of technical solutions. To
compare constructs based on known technical solutions,
an information model of the antenna device (AD) was
developed. It contains a list of characteristics (attributes)
to be measured by instruments and expert method of
expert method of attributing balls, as well as economic
indicators that measure on an absolute scale. The
economic indicators include the cost of components, the
labor costs of different skill levels specialists and the
associated cost of AD manufacturing.

The qualimetric task of determining the quality of
the developed constructs was to calculate the integral
index for each of the above-mentioned ADs and to
compile their ranking ranked list. There are two
methods to form this list.

The first involves the comparison of a certain
characteristic of the AD — the object of comparison
(OC) — with the corresponding feature of the established
sample and the subsequent calculation of the modified
coefficient of concordance [11] as an integral quality
index.

The second is implemented as follows:

- measure (evaluate) the values of all features for
all OCs;

- for each of the characteristics determine the
feature-sample (the largest or smallest measurement
result) — there is an analogy with the calibration scheme
in the field of metrology for multimeters, when the
calibration is performed separately for each of the
measured parameters, the method of verification — direct
verification [12];

- calculate the rating coefficient as the ratio of the
measurement result of a particular trait to the numerical
value of the feature-sample;

- determine the maximum total rating (adding all
rating coefficients) from the calculated;

- calculate the coefficient of conformity Ky as the
ratio of the total OC rating to the maximum overall
rating;

- rank the OP in the order of reducing the K.

For example, the AD is compared on several
features, some of which have a positive effect on the
rating (antenna amplification coefficient, geometric
sizes, communication range), and others (the width of
the main DC, the size of the DC' lateral petals, the cost
of manufacture AD) —negative.

For the first group of features, the rating is defined
as follows:

- the maximum value is chosen from the measured
values of the i-th feature B; as an sample (Bp.x =
max{B;});

- calculate the value K; = Bi/ Bpax.

The rating coefficient of the second group of
features is defined as:

- from the measured values of the j-th feature D;
choose the maximum D,,,x = max{D;} and the minimum
value Dy, = min{D;} — this is a sample;

- calculate the value Kj = (Dpax + Dimin — Dj)/ Diax-

The total rating of the k-th AD Ry is calculated as
the addition of all K and K;.

Choose Rsmax = max {Rsy}, which is taken as the
sample.

The coefficient Kgy = Ry / Rymax 18 calculated.

The ranked list, which determines the place of the
k-th AD in the list in the order of reduction of Ky, is
submitted to the decision-maker.

The described sample ranking method [13] is
implemented as a software product in the Microsoft
Excel application environment, which has been tested
and can be used to support decision-making regarding
the choice of OC in any subject area.

The application of the described method to
compare the constructs discussed in the article showed
the acceptability of constructing a multifunctional
antenna device to protect the radio communication
channels of law enforcement units based on angular
antennas.
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Conclusions

The advantages of these antennas are as follows.

1. Multifunctionality: antenna designed to determ
and suppress communication, informative, navigative
channels and drones' control channels in the UHF,
GSM, GPS, GLONASS, Galileo ranges. Work in the
frequency ranges is provided by broadband radiators.
The height of the antenna allows the placement of
several radiators without the effect of dimming.
Changing the shape of the directionality chart also
possible by deviating the radiator from the bisector of
the opening angle.

2. Equipping the antenna device with an optical
sight provides simple mechanical aiming, including
airborne. The combination of several ways to detect a
target — visual, radio frequencial, Wi-Fi — increases the
probability of finding it and minimizes the number of
activations for non-profile targets.

3. Important additional features are opened when
all antennas work together or by switching them. With
the proper choice of angles between the antenna plates
and the distance from the radiators to the top of these
angles, it is possible to provide a favorable addition of
the fields of waves reflected from the reflector plates,

with the fields of waves created directly by the
radiators. But this problem requires separate research.

4. The simplicity of design of the antenna device
enables its manufacture even in the conditions of repair
shops.

The disadvantage is the insufficient number of
practical applications in different variants of
simultaneous placement of several radiators in the
aperture of one or more angular antennas that make up
the antenna device.

The proposed variants of construction and use of
the multifunctional antenna device ensure the
implementation of electronic warfare measures —
directing the source of interference, accurate
directionality chart of the main reflector in the direction
of the target (object of observation), suppression of the
radiation source (interference), which can be placed on
the air or surface.

This guarantees the ability to adapt to any situation
in the radio communication system and to protect the
local radio communication system.

The authors dedicate this publication to the bright
memory of their colleagues and co-authors, Yuri
Pavlovich Belokursky and Igor Viktorovich Ruzhentsev.

REFERENCES

1. Ang, P., Eleftheriades, G. V.

(2018), "Active Surface Cloaking with Patch Antennas", IEEE International Symposium on

Antennas and Propagation & USNC/URSI National Radio Science Meeting, pp. 911 —912.
2. Kocherzhevskij, G.I. (1989), “Antenna feeder devices”, Radio i Svjaz, Moscow, 352 p.

3. Nechajev, Yu.B., Nikolajev, V.I. and Rjakhovskij, A.S. (2008), “Prospective antenna device communication systems of
general and professional use”, Theory and technique of radio communication, No. 2, pp. 20-28.

4. Belokursjkyj, Yu.P., Iokhov, A.Yu., Kozlov, V.Ye. and Shcherbina, O.0. (2014), “Organization of protection of radio
communication channels of law enforcement units of Ukraine”, Zb. nauk. pracj Nac. akad. NG Ukrajiny, No. 1(23), pp. 46-49.

5. Ajzenberg, G.Z., Yampoljskij, V.G. and Terezin, A.N. (1977), “VHF Antennas”, part 2, Svjazj, Moscow, 381 p.

6. (2009), “[Antenna device with an angle-frequency dependent of directionality chart]”, Patent RU 2352035, available at:
http://freepatent.ru/patents/2352035.

7. (2000), “UHF antenna (options)”, Patent RU 2160948, available at: http://freepatent.ru/patents/2160948.

8. Belokursjkyj, Yu.P., Ghorbov, A.N., Iokhov, A.Yu., Kozlov, V.Ye. and Shcherbina, O.0. (2014), “Ways to improve the
characteristics of impovized antennas in the communications channels of law enforcement units”, Zb. nauk. pracj Nac. akad.
NG Ukrajiny, No. 2(24), pp. 15-17.

9. (2014), “Antenna device”, Patent of Ukraine Ne95314 for utility model. Published 25.12.2014, bulletin Ne24.

10. (2015), “Antenna device”, Patent of Ukraine Ne96899 for utility model. — Published 25.02.2015, bulletin Ne4.

11. Dubrovina, V.V., Kozlov, V.Ye., Kozlov, Yu.V. and Novykova O.0. (2014), * Establishment consistency of results when
solving peer review tasks”, Zb. nauk. pracj Nac. akad. NG Ukrajiny, No. 2(24), pp. 92-94.

12. Shabalin, S.A. (1990), ”Applied metrology in questions and answers”, available at: http://padaread.com/?book=23281.

13. Kozlov, Yu.V. (2019), "Method of range of objects of comparison", Mizhnar. nauk. internet-konf. “Informacijne suspiljstvo:
tekhnologhichni, ekonomichni ta tekhnichni aspekty stanovlennja”. No. 41, Ternopil, pp. 49-50, available at:
http://www.konferenciaonline.org.ua/arhiv-konferenciy/arhiv-konferenciy13-09-2019.

Received (maaiiinua) 17.06.2020
Accepted for publication (npuitasita go apyky) 09.09.2020

ABOUT THE AUTHORS / BIJJIOMOCTI I[IPO ABTOPIB

Ko3ioB BanentuH €BreHoBHY — KaHIWAAT TEXHIYHMX HAyK, IIOLUCHT, JOLEHT Kadeapu BiliCbKOBOrO 3B’S3Ky Ta
iHpopmarusanii, HarionaneHa akanemist HanionansHot rBapaiil Ykpainu, XapkiB, YKpaiHa;
Valentyn Kozlov — Candidate of Technical Sciences, Associate Professor, Associate Professor of the Department of Military
Communication and Informatization, National Academy of the National Guard of Ukraine, Kharkiv, Ukraine;
e-mail: kozlov1945ve@gmail.com; ORCID ID: https://orcid.org/0000-0003-4452-3009.

KosioB ¥Opiii BajneHTHHOBHY — KaHIW/AT TEXHIYHUX HAyK, JOLCHT, JOLEHT KaeIpu METPOJIOTil Ta TEXHIYHOI EKCIIePTH3H,
XapKiBCbKUI HalllOHAIBHUI YHIBEPCUTET PaJlioeeKTPOHIKH, XapKiB, YKpaiHa,
Yury Kozlov — Candidate of Technical Sciences, Associate Professor, Associate Professor of the Department of Metrology
and Technical Expertise, Kharkiv National University of Radio Electronics, Kharkiv, Ukraine;
e-mail: kozlov83@yandex.ua; ORCID ID: https://orcid.org/0000-0002-6165-4978.

154



ISSN 2522-9052 CyuacHi iHdopmartiiini cucremu. 2020. T. 4, Ne 3

HMlepouna Ounexcanap OJekciioOBHY — KaHIUIAT TEXHIYHUX HAyK, JOIEHT, JOLUEHT KadeApu OCHOB paJiOTEXHIKH,
XapKiBCbKUI HalllOHAIBHUI YHIBEPCUTET PaJlioeeKTPOHIKH, XapKiB, YKpaiHa,
Olexander Shcherbina — Candidate of Technical Sciences, Associate Professor, Associate Professor of the Department of
Radio Engineering Fundamentals, Kharkiv National University of Radio Electronics, Kharkiv, Ukraine;
e-mail: jul-46@ji.ua; ORCID ID: https://orcid.org/0000-0001-5931-8994.

Hosukosa Ousiena OuexcaHpiBHa — KaHAWIAT TEXHIYHUX HAyK, JOLEHT Kadeapu BiCHKOBOro 3B’A3Ky Ta iH(popMaTm3arii,
Harmionanbaa akanemis Hanionansnoi reapaii Ykpainu, Xapkis, YkpaiHa;
Olena Novykova — Candidate of Technical Sciences, Associate Professor of the Department of Military Communication and
Informatization, National Academy of the National Guard of Ukraine, Kharkiv, Ukraine;
e-mail: nangu.nea@gmail.com; ORCID ID: https://orcid.org/0000-0003-3557-5210.

IoxoB Ounexcanap IOpiiioBu4 — [OKTOp TEXHIYHMX HAyK, JOLEHT, HAYaJbHUK KadeIpu BiHCBKOBOrO 3B’A3Ky Ta
iHpopmarusanii, HarionansHa akanemiss HamionansHoi rBapaiil Ykpainu, XapkiB, YKpaiHa;
Olexander Iokhov — Doctor of Technical Sciences, Associate Professor, Head of the Department of Military
Communication and Informatization, National Academy of the National Guard of Ukraine, Kharkiv, Ukraine;
e-mail: iohov@ukr.net; ORCID ID: https://orcid.org/0000-0002-1718-0138.

BararodynkuioHansHMii aHTEHHHI MPUCTPIi JJIA 3aXHUCTy KaHAJIB pagio3B’ 3Ky
MiAPO3AiJIiB CHJI 0XOPOHH NMPABONOPSAKY

B. €. Koznog, 0. B. Koznos, O. O. Illep6una, O. O. Houkosa, O. FO. loxos

AHoTanisi. be3neune npoBeseHHS MacOBHX 3aXOiB NOTpedye Bifl CHJI OXOPOHH IIPABONOPAAKY 3aXUCTy KaHaliB
Panio3B’s3Ky MiAPO3/UIIB, BUABICHHS 1 NPUIYLIEHHS PajiOKaHAIIB YIpPaBJIiHHSA IPOTHOOPUOI CTOPOHH, IOUIYKY 1 3HUILECHHS
nepeziaBadiB 3aBajl pa3oBoi Mii, HAasABHICTb SKUX € MPOSBOM arpeCUBHUX HaMipiB HaToBiy. [l 1boro HeoOXiJHi 3acobu, 1o
BUKOPHUCTOBYIOTb aHTEHM 31 CIPSAMOBAaHMMHU BJIACTHBOCTSIMH, Jialla30HM YacTOT SKUX BHU3HAYaIOTHCA 3aCTOCOBYBAaHUMU
IITATHUMU 1 MAacoBMMHM 3aco0aMu pajio3B’si3Ky. 3arajioM, O IapaMeTpiB aHTeH CHCTeM paJio3B’s3Ky, pPaliopO3BiAKH,
PaJiOMOHITOPUHTY, NpPUAYIICHHS BUCYBAIOTbCA Di3HI BUMOTHM, TOMY YyHIBEpCaJbHy aHTEHY Julsi Oe3iiui 3acTocyBaHb i yMOB
peanizyBaTH BakKo. lneasbHOIO [UIsl eKCIUTyaTalil aHTEHOK MOXKHA BBAXKATH Taky, SfKa Morya O IPOrHO30BaHO 3MIiHIOBATH
BJIACTHBOCTI IPH JOJaBaHHi (3aMiHi) eJleMeHTiB (MOAYNIIB), MapaMeTpH SIKHX BIZOMi 1 y3rojukeHi 3 0a30BOIO (OCHOBHOIO)
KOHCTPYKIi€l0. A cepiliHI aHTeHH paliOeIeKTPOHHMX 3ac00iB € 3aKiHYeHHMMH MPHUCTPOSMHM 1 HE 3aBXKIU IiIAIOTHCS
YIIOCKOHAJICHHIO, TOMY PO3IVITHYTO MOXJIMBOCTI 3aCTOCYBaHHS IMIPOBI30OBaHMX AaHTEH, sKi MalOTh aJeKBaTHI MOJIEI,
MATBEPKEHI YHUCEIPHUMHU EKCIIEPUMEHTAaMHM, IporpaMHe 3a0e3NedeHHs Ul SKUX € B 3arajJbHOMY JOCTYI, 3 OCHOBHHMU
rapamMeTpaMy, 3HA4YEHHSI SKUX MOXYTh LIJECHPSAMOBAaHO 3MIHIOBATHCS: [iala3oH 4YacToT, WMpHHA 1 ¢opma Jiarpamu
CIIPSIMOBAHOCTI, il OIPOMiHIOIOY BIACTHBOCTI TOLIO. 3 OrJIAy Ha (hyHKLIOHAJIbHI BUMOIH IIPOBE/ICHO aHalli3 KOHCTPYKLil aHTeH
tury "OnpoMiHioBad HaJ LMJIIHAPUYHOIO IOBEpXHE'", KyTMKOBHX aHTEH Ta aHTeH Tuiy "ONpoMiHIOBaY Haj IUIOLIMHON",
XapaKTePUCTUKH SKUX IIPU OJHAKOBHMX PO3Mipax NMpUONN3HO OIHAKOBI i PO3PaXOBYIOTHCS 32 OZHMMH i TUMH X (HOpMyIaMH.
BuxoHaHO 1OCHIIKEHHS MOXIMBOCTEH KyTMKOBHX aHTEH THUILy "PO3KpHTa KHHMra" 3 pi3HHUMH KyTaMu MiX BinOMBauam, is
4Oro NPOBEAEHO AHANITUYHE MOJCIIOBAHHSA BapiaHTIB TEXHIYHUX pilleHb, NPUJATHUX I 3aCTOCYBaHHS B CHCTEMax
panio3B’s3Ky MiAPO3IUIIB CHJI OXOPOHH IPaBONOPsKY. IlepeBipeHO Ipane3faTHICTb 3alpOINOHOBAHMX KOHCTPYKTHBIB Ta
BU3HAUCHI iX XapaKTEepUCTUKH. TakuM YMHOM, 3aIIPONOHOBAHI BapiaHTH TEXHIUHMX DillleHb KYTMKOBMX AHTEHHHX IPUCTPOIB
3[aTHI 320€3Me4nTH 3aXUCT KaHATIB Paio3B’sI3Ky MiZPO3IUIIB CHII OXOPOHHM IPABOIOPSAAKY IIPU IIPOBEICHHI MACOBUX 3aXO/IiB.

Karo4doBi ciaoBa: 0xopoHa PaBoNOPsIKY; Pafio3B’sI30K; KYTUKOBA aHTEHA; KyT PO3KPHBY.

MHoropyHKIHOHATBLHOE AHTEHHOE YCTPOHCTBO /IS 3aIIMTHI KAHAJIOB PaJANOCBS3H
MoApa3AeJeHui CHJI 0OXPAaHbI MPABONOPAIKA

B. E. Koznos, 1O. B. Ko3nos, A. A. lllepouna, E. A. HoBuxosa, A. 10. Moxos

AHHOTanmusa. be3omacHoe mpoBeneHHE MAaccOBBIX MEPONPHATHII TpeOyeT OT CHJI OXpaHbl IPaBOIOPSAKA 3aIIUThHI
KaHaJIOB PaJHOCBsI3H MO/APA3ICICHUH, BBISIBICHHS M HOJABICHUS PaJHOKAaHAJIOB YIIPABIECHHS IPOTUBOOOPCTBYIOIIEH CTOPOHEL,
IIOUCKAa M YHUUYTO)XKEHUs NEPeJaTyUKOB IIOMEX pa3oBOro AEHCTBUS, HAJIM4YME KOTOPBIX SABISIETCA NPOSBICHUEM arpecCHUBHBIX
HaMmepeHHi Tonmbl. JIJist 3TOro HeoOXOMMMBI CPEACTBA, MUCIONB3YIOIINE aHTEHHBI C HAIPaBICHHBIMHI CBOMCTBAMH, IHAIa30HbI
YacTOT KOTOPBIX OIPEAEISIOTC MPUMEHIEMBIMH IITaTHBIME U MacCOBBIMHU CPEACTBAMH PaanocBs3u. B obmiem, k mapamerpam
aQHTEHH CHCTEM paJHOCBs3H, DPAJANOpPA3BE/IKU, PAaIMOMOHHTOPWHIA, IIOJABICHUS NPENbSBISIIOTCS pa3yinuHble TpeOOBaHWS,
[I09TOMY YHUBEPCAJIBHYIO aHTEHHY IJII MHO)KECTBA IPUJIOKEHUH M YCIOBUI co31aTh TpynHO. MneanbHol A1 SKCILTyaTaluu
QHTEHHOW MOYKHO CUMTATh TaKyl0, KOTOpasi Morjia Obl TPOrHO3MPYEMO H3MEHSThH CBOMCTBA ITPHU 100aBJIEHHH (3aMEHE) SJIEMEHTOB
(Momyrneif), mapaMeTpbl KOTOPBIX W3BECTHBI M COTJIACOBAaHBI C 0a30BOi (OCHOBHOI) KOHCTpPYKIMEH. A cepuilHble aHTEHHBI
PaAMONIEKTPOHHBIX CPEACTB SABIIOTCS 3aKOHYEHHBIMU YCTPOWMCTBAMM M HE BCerla NOAJAIOTCA MOJEpPHHU3ALUU. I03TOMY
PaccMOTPEHBl BO3MOXKHOCTH IIPUMEHEHUS] UMIIPOBU3UPOBAHHBIX AHTEHH, UMEIOLIMX a/IeKBaTHbIE MOJEINIHU, MOATBEPKACHHbIE
MHOTOYHCIICHHBIMH JKCIIEPUMEHTaMH, IIPOrpaMMHOE OOecrieueHne Il KOTOPBHIX €CTh B OOIIeM JIOCTyIe, C OCHOBHBIMHU
rapamMeTpaMy, 3HAUYCHHS! KOTOPBIX MOTYT IIeJICHANPaBICHHO W3MEHSATHCS: IUAlla30H 4YacTOT, INMpPHHA M (GopMma JUarpaMmel
HAIpaBJIEHHOCTH, €€ M3JIydaTelbHbIe CBOWCTBA M TOMY Hono0Hoe. C ydeToM (hyHKIMOHAIBHBIX TPeOOBaHHUH IPOBEICH aHAIIN3
KOHCTpYKIMiT aHTeHH Tuna "OOiydaTenb HaJ IWIMHAPUYECKOH ITOBEPXHOCTBIO", YTOJIKOBBIX AHTEHH M AaHTEHH THIIA
"OOmyuaresib  Haj IUIOCKOCTBIO", XapaKTEPUCTHUKM KOTOPBIX IIPU OIMHAKOBBIX pa3Mepax MPHMEPHO OAMHAKOBBI U
pacCUUTHIBAIOTCS TI0 OJHMM W TeM e (opMyinaMm. BEINoIHEHBI HCCIEIOBaHMS BO3MOXXHOCTEH YrOJKOBBIX aHTEHH THIIA
"packpbITasi KHUra" C PasiMuHBIMU yIVIAMH MEXIY OTpa)kaTelsMH, JUI1 4ero NPOBEACHO AaHAIMTUYECKOE MOJEIMPOBaHHE
BAPUAHTOB TEXHUYECKUX PEILIEHWH, IMPUIOAHBIX VIS NPUMEHEHUs B CHCTEMax pPaJUOCBS3HM IIOAPA3/EICHUIl CUII OXpaHbI
npaBonopsinka. [IpoBepeHa paboTOCIIOCOOHOCTH MPEIOKEHHBIX KOHCTPYKTHBOB U ONpPEIETICHBl MX XapaKTePHCTHKU. Takum
00pa3oM, MpeIOKEHHBIE BApUAHTHl TEXHUUECKIX PEIICHUH yroJKOBBIX aHTEHHBIX YCTPOMCTB CITOCOOHBI O0ECIEUHTH 3aLIUTy
KaHAJIOB PaJIMOCBSI3H MOpa3eICHUI CUII OXpaHbl IPABONOpPSIKA IPU IPOBEICHUN MaCCOBBIX MEPOIPUSATUH CBSI3H.

KiaroueBble cI0Ba: OXpaHa IPaBONOPSAKA; PAJHOCBA3b; YIIIOBas aHTCHHA; YIOJl PACKPBITHA.
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