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ELECTRICAL AND NOISE PROPERTIES
OF A SYMMETRICAL ANTENNA WITH AN ACTIVE BALUN

Subject and Purpose. The paper considers an active receiving antenna composed of a symmetrical passive antenna and an active
balun that consists of a differential pair of identical low-noise amplifiers and a three-winding differential-input single-ended trans-
former. The purpose of the paper is developing a model of such an active antenna in the form of an equivalent two-port network
with analytically determined electrical and noise parameters.

Methods and Methodology. The study is based on methods of antenna theory and noise theory of multi-port networks. The
passive antenna is conditionally divided into two identical arms, each regarded as a separate independent antenna, which allows
representing the entire active antenna as a three-port network. Then, making allowance for the antisymmetric excitation of the
three-port network inputs, it has been converted into a cascade of two two-port networks. The first one corresponds to the passive
antenna, and the second to the active balun consisting of one low-noise amplifier with transformers added at input and output .

Results. Proceeding from a block diagram of the active antenna, seen as a two-port network, analytical expressions were de-
rived to allow calculations of its scattering matrix and the correlation matrix of noise waves. These permit evaluating electrical and
noise parameters of the symmetrical antenna with an active balun. A numerical example is presented, which allows comparing
parameters of two symmetrical active antennas, one of which uses the active balun, while the other a low-noise amplifier with a
passive balun.

Conclusions. The block diagrams developed and the explicit relationships obtained allow a greatly simplified analysis of the
symmetric antennas that employ active baluns as they do not need resorting to any specialized software. The results may prove
useful for calculating the parameters of low-frequency radio telescopes that employ similar antennas in the capacity of phased
array elements.

Keywords: symmetrical antenna, active balun, two-port network, scattering matrix, noise waves’ correlation matrix.

Introduction

The low-frequency radio telescopes, similarly as the
communication systems operating in the HF range,
often employ symmetrically excited antennas, in
particular symmetrical dipoles of various designs.

The feeders of such antennas use baluns to transfer
the received signal from the symmetrical output of
the antenna toward an asymmetrical coaxial cable
which transmits the signal to a beam former and
further on to the receiver. The LF radio telescopes
developed over the past century made use of pas-
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sive baluns. In particular, such baluns, implemented
as transmission line-based transformers [1], were
used in the Ukrainian radio telescope UTR-2 [2], as
well as in the Mexican radio telescope MEXART [3].
Along with those, coaxial baluns [4] were also used
in the 22-MHz narrow-band dipole array at Pentic-
ton, British Columbia [5], and in the Gauribidanur
radio telescope [6] operating at 34.5 MHz.

Due to the development of microelectronics and
digital technologies it became possible, at the begin-
ning of the 21st century, to develop LF radio telescopes
of a new-generation. They were characterized by the
use of active baluns which comprised the central part
of their front-end electronics and largely determined
the fluctuation sensitivity of the radio telescopes.
The Active BalUn (ABU) is a differential input, single-
ended output device comprised of a pair of identical
low-noiseamplifiers (LNA)loaded with a combinerin
the form of a three-winding transformer or a magic-T
hybrid. The main advantage of the ABU is its ability
to suppress intermodulation distortions arising in the
single LNA, notably to almost completely suppress
second-order distortions and noticeably reduce the
level of third-order ones [7, 8].

The hybrid-based ABU is used now in the Long
Wavelength Array (LWA) [9]. At the same time, a vast
majority of other modern low-frequency radio tele-
scopes, including the Low-Frequency Array (LOFAR)
[10],theEight-meter-wavelength TransientArray[11],
the Brazilian low-frequency interferometer [12],
Square Kilometer Array (SKA) Log-periodic Anten-
na [13], Australian SKA pathfinder ASKAP [14], the
Murchison Widefield Array [15], the NenuFAR Radio
Telescope of Nangay [16], and the Giant Ukrainian
Radio Telescope (GURT) [17] (as well as its exten-
sion [18]) all employ transformer-based ABUs.

The operation of antenna ABUs, mainly under ex-
perimental conditions, has been described in papers
like [19—23]. An exception from the trend is paper
[23], where a pair of receiving antennas operating
either in the common, differential, or a mixed mode
is investigated in great detail, both theoretically and
experimentally. Part of the results obtained in [23]
define the hybrid-based ABU parameters rather ex-
tensively. At the same time, theoretical studies of
transformer-based ABUs are absent in the literature.
The present work is aimed at filling this gap by deve-
loping a model of the transformer-based ABU in the
form of an equivalent two-port network and analyti-

cally determining its electrical and noise parameters
in terms of scatter matrices.

1. Problem formulation

Consider an active receive antenna (Fig. 1, a) con-
sisting of a symmetrical passive antenna and a
transformer-based ABU which is composed of two
identical LNAs and a symmetrical three-winding
transformer T (L, /L; =L, /Ly =n*) functioning
as a combiner.

We will assume electrical and noise parameters of
the LNA to be known and presented here in the form
of a scatter matrix S, plus its associated noise-wave
correlation matrix C [24],

Ci j
Cxn )

S (311 S12 ) C— (Cu
Su Sn ) Cxn
We will also consider the passive antenna parame-
ters, such as the impedance Z = R+ jX; radiation
efficiency 7,; effectivelength [,, and the normalized
vectorial radiation pattern (RP) F(O,(p) as known.
Hence, it is necessary to represent the active anten-
na of Fig. 1, a in the form of a cascade of two two-port
networks, A and ABU (Fig. 1, b), of which the first
one corresponds to a symmetrical passive antenna,
and the second one to the ABU. Their parameters are
to be determined from the S-matrices defining the
relations between the incident, g;, and a,,, and
the reflected b;,, b,,, wave amplitudes at the input
and output, respectively, of the two-port network,
and the C-matrix which describes the interaction of
the noise waves ¢;, and c,,, at the output.

2. The symmetrical active antenna (SAA)
represented as a three-port network

Let us represent the symmetrical, passive receiving
antenna of Fig. 1, a as an equivalent two-port net-
work A (see Fig. 1, b). Its output terminals coincide
with the actual terminals of the real antenna, while
input terminals are connected to a virtual spatial
waveguide that transfers into the antenna the energy
of the electromagnetic waves propagating through
free space. This two-port network can be characte-
rized by a scattering matrix as follows [25],

1 (z+1=-2r 2,\r
GA = Ny U ’ (1)
z+1\ 2/, z-1
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Fig. 2. The SAA as three-port network

where z=Z7/Z, =r+ jx is the normalized antenna
impedance, and Z_ the system’s characteristic im-
pedance. _

A uniform, plane EM wave E' incident upon the
antenna excites an incident wave in the virtual wave-
guide whose amplitude at the input terminals A is

1
Ain =~ )=
/ 2V2 Ry,

It is known that parameters of a symmetrical an-
tenna would not change if a virtual perfectly con-
ducting screen were placed within its plane of sym-
metry, thus splitting the antenna conditionally into
two arms. These arms can be considered as two in-
dependent antennas placed on different sides of the
screen; each of these is characterized by the same ra-
diation efficiency #,, = 7,, =17, as the entire anten-
na, however their impedances and effective lengths
are only half as large as the respective parameters
for the entire one, specifically Z, =Z, =Z/2 and
L, =L, =1, /2. The vectorial radiation patterns (RPs)
of the arms, F; (6,¢) and F,(,¢), are two symmet-

E - E©0,¢). 2)

rical non-intersecting parts of the entire RP, namely
F(G,(p) = E(O,(p) U 132(0,(,0), each in the half-space
of its own.

In Fig. 2, the antenna arms are represented as two
two-port networks, A-1 and A-2, with a three-win-
ding transformer in the form of a three-port network
T. Assuming the transformer to be ideal, we can de-

scribe its scattering matrix as follows

-1 =2 2n
ST=2 Ty —2n? -1 —2n
n- +
2n =2n —(2n*-1)

The scattering matrix of an antenna arm, either
A-1 or A-2, can be determined from Eq. (1), upon
having replaced z by z/2, which yields

2\,
z-2 |
The incident waves a; and a, at the inputs can be

found from Eq. (2) upon replacing R and /, in it by
R/2 and [, /2, respectively

GA-12 _ 1 z+2-2rnm,
z+2 2 rnr

ay =-a, = _JZWE - F(0,9). (3)

By comparing Egs. (2) and (3) it is easy to find a
relationship between a,,, a;, and a,, viz.

a, =-a, =am/\/§, (4)

which shows that the power P,, =|a;,[* at the an-
tenna input is a sum of powers at its arms’ inputs
B+P=|af +]a =|a,[ =P,

The two-port networks A-1 and A-2 are identical;
each can be represented as a cascaded connection of
the two-port network A and the transformer T1 hav-
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Fig. 3. Representation of an antenna arm as a two-port net-
work

ing a turns ratio of /2 : 1 (Fig. 3). The scattering ma-
trix of the transformer is of the form [26]

gri_1 1 2V2
"3l 4 S

This can be easily shown through the use of the
equations for calculating the scattering matrix §¥)
for the cascade of two two-port networks characte-
rized by the matrices S and @ [24, 26],

Sl(llf) _ S(l) (2) Sgll)s(l)/Q
S5 = 583 /Q -
S(U) — S( /Q
21 21
Ség) =Sg) +S (1) (2) (2)/Q
where

Q=1-S7s5.

The antenna arms A-1, 2 with their LNA-1, 2 form
two channels, specifically CH-1 and CH-2 (Fig. 4),

which the energy of the electromagnetic wave E' is
transferred through when traveling from free space
to the combiner inputs.

With the introduction of the two-port networks
CH-1, 2 (Fig. 4), the block diagram of Fig. 3 is sim-
plified to the form of Fig. 5. Denoting the scattering
matrix as § we can assume it known since it can be
obtained through combining the two-port networks
A-1, 2 and LNA-1, 2.

Now we are in a position to combine all the blocks
involved in the three-port network of Fig. 5 and, by
using the equations from paper [24], find its scatte-
ring matrix §,

where

(2” + 1) (21’1 - 1)822 and G =

S 2821

3. Representing the SAA
as a two-port network

Using its symmetry property, let us simplify the SAA
block diagram shown in Fig. 5. The relationships be-
tween the incident and reflected waves at its inputs
are described by the following system of equations

by =S4y + 1245 + S 1343,

by = S101 + 550, + S35, (7)
b3 = 831611 + S32a2 + 833613.

Taking into account symmetry properties of the
three-port network (Fig. 5) and the excitation con-
d~ition~of its inputs (Eq; (4)), we arrive at a, = —a,
Su1=%2 S$1=S85 $3=-83 and S3; =-S;.
Considering these relations, Eq. (7) can be trans-
formed to the form

by =S4 — Sy + 1303,

— S13a3, (8)
by = S31a, + S314; + S330;5.

b, = =S11a1 + 144

The relation b, = —b, that follows from the equa-
tion set Eq. (8) allows us to reduce this system to the
form
b = (§11

b3 = 2§31a1 + §33a3.

= S1)a + S13a;,

)

Now we transform Eq. (9) by multiplying the first
equation by +/2 and making obvious substitutions
al\/i =qin> bl\/E = bin’ az = Goyts and b3 = bout'

As aresult, we obtain the following system of equa-
tions to characterize the SAA as a two-port network

[ bi J §11 - §21 \/5513 ( Ain J SAA( Ain )
= ~ - = S s

bout \/5831 S33 Aout Aout

where S%AA is the SAA scattering matrix, which,

after substitution of elements from Eq. (6), takes

311 - [1 - (27[2 - 1)§22]G/D —2}’12 G/D 2”3‘12/1)
S= ~2n G/D S —[1- (2n* =1)8,,]1G/D ~2n8,, /D , (6)
218, /D ~2n8,, /D [2n® + 1)y, - 2> —1)]/D
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the form

A _ [SH +@n* 18,8, /D

2\/511312 / D
2428y, /D

[@n? + 1Sy, - (2n* ~D}/D |

It is easy to show that the matrix $%**, coincides

with the scattering matrix of the cascade of two two-
port networks (Fig. 6), specifically, of the above in-
troduced CH, and the transformer T2 with its turns
ratio +/2n: 1.

By specitying details of the CH network shown in
Fig. 6 through the use of Figs. 2 and 6, we obtain an
expanded block diagram of the SAA shown in Fig. 7.

Comparing the block-diagram representations of
the SAA in Figs. 1, b and 7, we can pick out of the lat-
ter the ABU diagram shown in Fig. 8.

4. Identifying ABU parameters

The ABU scattering matrix SABU (Fig. 8) can be con-
structed by combining the T1, LNA, and T2 two-port
networks into one by using Eq. (5). It seems better to
perform this procedure numerically, since the resul-
ting analytical expression for $4®Y is quite cumber-
some when # is an arbitrary number. However, for
some values of #, the calculation formulas are pretty
simple, for example, for n = 1/ J2 and n=1, which
correspond to the widely used three-winding trans-
formers [27] and [28], respectively. When n = 1/ V2,
the turns ratio of T2 (see Fig. 8) is 1:1, which means
absence of the transformer, and the desired formula
takes the form

1+35,  2v28,

gaBU _| 3FSn 3+5,
2425, SSia
3+8), 2348,

In the case of n=1, the turns ratio of the T2 is
2 :1, and the ABU scattering matrix is

GABU _

8 8
B 3_E(3_822) ESIZ
8, _1=38n (1, 8 SuSy f
K 3-S5, | K 1-3S,
where

K = (3 + Sll)(3 - 822) + 812821.

We will find the ABU noise matrix C*®Y in the
same way as its scattering matrix SABY, for which
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- |
Fig. 4. Block-diagram of a channel
i o] o
1 1 CH-1 2 1 b
G~ © ° | o i
, T 3.3 g
W o o °
2 1 CH-2 2 1
O —o—
Fig. 5. Simplified three-port network
il |
: SAA I
b | T2 : b .
i ou
. in_ 1| CH-1,2 |2 1 21 out
&n/N 1 | out
: Van:1

Fig. 6. Reduced block-diagram of the SAA

we will need equations for calculating the matrix
CY) of a cascade of two two-port networks charac-
terized by the matrices Cc® and Cc® [24]:

C = Y +1 g PCR + 2Re(gci) +1 ¢ PCi?,
CY) = th"C + gu'Cl +1CP +u'cl,
Céﬁ]) = ht* C11 +g uC(l) +t C(z) + Uczl ]
C55) = CH) +|hPC +2Re(hC) +| u PCHY,
where

u=82/Q, t=59/Q, ¢=15%, h=usy.

Now we present elements of the ABU C-matrix as
derived with the use of the above equations, for two
versions of the turns ratio n for the transformer T
(see Fig. 1, a):

a)n= 1/2:

GV =lwP Gy GV =w(Cyy +v'Cy),
CABU ( 12BU)
C22 = C22 +| v |2 Cll + 2Re(VC12);
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Fig. 8. Block-diagram of the ABU: Final view as a two-port
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Fig. 9. Block-diagram of an active antenna with a passive
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Fig. 10. Frequency dependent SND of an active antenna: I —
with a passive balun; 2 — with an ABU

b) n=1:
CABY =[|wP +|vP|qF +2Re(qvw™)]C;; +
+2Re(qw Cy +v|qf Co)+|qF Cp,
CABY = p*[(g|v P +wv*)Cyy +
+2qRe(vCy,) + wCi, +qCy, ],

ABU _ ((ABU ¥
Gr =(C3™)

>

o i =|p |2 (v |2 Cy1 +2Re(vCyy) + Gy, ),

where
w2 Sy, 2V/2
w= 5 - - 5 = >
3+Sll 3+Sll 3—822—1/812
and

_ w8,
q_ 3_822 _VSIZ'

The C*BYU matrix contains complete information
on noise properties of the ABU represented as a dual-
port network (Fig. 8), while knowing that one can
determine any of its noise parameters, such as the
noise figure, minimum noise factor, optimal noise
source impedance, etc. [29, 30]. At the same time,
analysis of the ABU block diagram (Fig. 8) allows us
commenting on the difference between its properties
and those of a single LNA without resorting to any
calculations. Here are some of them:

- owing to the presence of transformer T1, the
ABU input impedance is twice as large as that of the
LNA, ZpPY =274

— because of presence in the ABU of transformer
T2, the ABU output impedance differs from that of
the LNA, being equal to ZABU = zINA / 2n%; in par-
ticular with n=1 it is ZARU = ZINA /2, while with
n=1/\2 ZABU = ZINA,

- the minimum noise figure of the ABU is the
same as that of the LNA, i.e. NEABY = NELNA gince
the transformers T1 and T2 do not affect the value;

- the optimal impedance of the noise source, ca-
pable of ensuring the minimum noise figure of the
ABU is twice as high as that of the source for the

LNA, Zp3V =225

5. SAA simulation

The technique developed was applied for testing the
active antenna which normally makes part of the
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phased array antenna of the radio telescope GURT.
It employs a symmetric dipole whose design is de-
scribed in detail in [31], and the ABU as a pream-
plifier, the circuit diagram of which can be seen in
[17]. The active antenna parameters were calcula-
ted in two ways: the first approach used a three-port
block diagram (Fig. 2) and required use of commer-
cial software such as NI AWR Design Environment
[32]. The other one was based on the technique de-
veloped above, being implemented within a sim-
ple computer mathematics of MathCad type. Both
methods showed identical calculated results for all
electrical and noise parameters of the active antenna
under study, which was fully confirmed by the expe-
rimental results of paper [31].

Also, it would be of interest to compare the para-
meters of two symmetrical active antennas, namely
one containing an ABU and the other involving an
LNA and a transmission-line (TL) transformer [1] in
the capacity of a passive balun. Both antennas make
use of passive antennas and LNAs of the same design,
and block diagrams of the antennas under compari-
son are shown in Figs. 7 and 9, respectively. The elec-
trical length of the TL transformer is assumed to be
negligibly small compared with the free-space wave-
length. The electrical and noise parameters of the
two antennas were calculated within the technique
that had been given a detailed description in papers
[31] and [33]. One such parameter that can signifi-
cantly affect an active antenna’s sensitivity toward
fluctuations (as well as such of a radio telescope) is
the SND (Sky Noise Dominance). It is determined
as the ratio SND= T,y /T;,, » where T, stands for
the external noise temperature of the active anten-
na receiving the Galactic and/or extragalactic radia-
tion, while T, is its intrinsic noise temperature. The
higher the SND, the smaller is the amount of reduc-
tion in antenna sensitivity due to internal noise. The
lower SND limit is 6 dB, which corresponds to an ac-
ceptable level of sensitivity reduction, which is easi-
ly compensated for by a slight increase in the signal
integration time [9].

Fig. 10 shows frequency dependences of the SNDs
belonging to the active antennas being compared.
Their differences are pretty clearly visible, as they are
caused by different levels of impedance mismatch
between the dipoles with the LNA or the ABU. At
frequencies below 15 MHz, the SND of the GURT

antenna with an ABU is noticeably higher than that
of the antenna with a passive balun. This is explained
by the presence of a matching circuit at the ABU in-
put, specially included for expanding the operating
frequency band of the radio telescope towards low-
er frequencies. Note, however, a certain decrease in
the SND, seen in the middle part of the 15—55 MHz
range, where its level is lower than that of the an-
tenna with a passive balun. At frequencies above
55 MHz, the SNDs of the antennas under compar-
ison are practically equal.

So, when both of the antennas under comparison
are capable of providing the same level of impedance
matching, they have the same SNDs; however, when
creating ground-based LF radio telescopes, prefe-
rence is still given to antennas with ABUs, as they are
more resistant to intermodulation interference. The
only exceptions to this rule may be the radio tele-
scopes operating in an environment without sub-
stantial interference, for example, on the far side of
the Moon [34].

Conclusions

An active receiving antenna, which consists of a
passive symmetrical antenna and an ABU has been
considered. The ABU comprises a differential pair
of identical LNAs and a three-winding differential-
input single-ended transformer. The conventional
representation of an ABU in the form of a three-port
network has been converted, through equivalent
transformations, into such for a two-port network.
That has allowed constructing the active antenna’s
block diagram, showing it as a cascaded connection
of two two-port networks, of which the first one is
associated with a passive antenna and the second
with an ABU.

Analytical relations have been derived that per-
mit calculating the scattering matrix and the correla-
tion matrix of noise waves within the two-port net-
work associated with the active antenna, proceeding
from the assumption that parameters of the passive
antenna and of the LNA are known. These matrices
should ultimately allow us to determine all operating
parameters of the active receiving antenna. The rela-
tionships obtained permit a greatly simplified ana-
lysis of a symmetrical active antenna with an ABU
without resorting to any special software for solving
the problem.
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A numerical example is presented where two sym-
metrical active antennas are compared, specifical-
ly one using an ABU and the other a single amplifier
with a passive balun, with the intent of applying them
as elements of a phased array antenna for a low-fre-
quency radio telescope. The calculations show that
none of the antennas demonstrate a noticeable ad-
vantage over the other — in what concerns its SND

and, hence, the fluctuation sensitivity. Thus, prefe-
rence should be given to antennas with an ABU, as
they are more resistant to intermodulation interfe-
rence, which is very important for correctly opera-
ting any ground-based LF radio telescope.
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I1.JI. Toxapcokuii

Papioacrponomiunmii inctutyr HAH Ykpainn
By/1. Muctenrs, 4, M. Xapkis, 61002, Ykpaina

EJIEKTPMYHI TA IIYMOBI BIACTMBOCTI CUMETPYYHOI AHTEHU
3 AKTMBHUM CVIMETPYBAJIbHUM ITPVICTPOEM

ITpepmer i MmeTa po6oTn. Y CTaTTi pO3I/IAA€THCA AKTHBHA IPMIIMaTbHA AaHTEHA, 110 CKIAJAETCSA 3 CUMETPUYHOI ITACHBHOI
aHTEHM Ta aKTUBHOTO CYMETPYBa/IbHOTO IPYUCTPOIO Y BUMIAA] AyidepeHIlia/IbHOI Tapy ileHTUYHMX MajIoIyMiBHMX Hifich-
MoBayiB i TPMOOMOTKOBOTO AMdepeHIliaTbHOr0 BXiJHOTO OHOTAaKTHOTO TpaHchopmaTopa. MeToo po6oTu € pospobka Mo-
Jefi TaKol aKTUBHOI aHTEHH, IIOfJaHOi AK eKBiBaJIeHTHUI YOTUPUIIOOCHUK 3 AaHA/ITUYHO BUSHAYEHNMI €IEKTPUIHUMU Ta
LIyMOBMMMU ITapaMeTPaMIL.

Metopu Ta Metomonoria. [locmimpkeHHA 6a3yeTbcsA Ha MeTOfiaX Teopii aHTeH i Teopii myMHMX GaraTononwcHukiB. Ila-
CMBHA aHTEHa € YMOBHO PO3/Ii/IEHOI0 Ha JIBa O[{HAKOBUX I1/I€Ya, KOXKHE 3 AKMX PO3ITIANIAETbCA AK OKDEMa He3ajIe)KHa aHTeHa,
IO /I03BOJIA€ IIOJATYU BCIO aKTUBHY aHTEHY K LIECTUIIOMIOCHNK. IT0TiM, BpaXoByouy aHTHCHMeTPUYHE 30YIKEHHA 1[bOTO
IIeCTHUIIONIOCHNUKA, 10T0 6Y/I0 TIepeTBOPEHO Ha KacKajHe 3'€JHaHHA JBOX YOTMPUIIONIOCHNKIB. Ilepumii Binmosinae nacus-
Hill aHTeHi, a APYTUil — aKTUBHOMY CUMETPYBaIbHOMY IIPUCTPOIO, 110 CKIAAEThCA 3 OTHOTO MA/IOLIYMiBHOIO MifCUIIOBaYa
3 JOAHMMM TPaHCHOPMATOPaMIM Ha BXOJI i BUXOJI.

PesynbraTu. 3 BUKOPUCTAHHAM O/I0K-CXeMM aKTUBHOI aHTEHM, IKa PO3IIAIA€TbCA K YOTHPUIIOTIOCHNK, OY/I0 OTPUMaHO
aHaJIiTMYHI BUPa3y I PO3PaXyHKY il MaTpyIli PO3CIAHHA Ta KOPEIALIHOI MaTpUIIi ITyMOBMX XBIIb. Lle nosBonsae ouinnti
€/IEKTPUYHI Ta LTYyMOBi IIapaMeTpy CUMETPUYHOL AaHTEHNM 3 AKTUBHUM CUMETPYBaJbHUM IpUCTpoeM. Haseneno ymcnosnmit
TIPUK/IAJ], AKUI JO3BOJIAE IIOPIBHATY IIAPAMETPY IBOX CUMETPUYHIX aKTUBHUX AHTEH, B OJHOMY 3 KOTPUX BUKOPUCTOBYETh-
Cs1 aKTUBHUI 6a/IyH, a B iIHIIOMY — MaJIOIIyMiBHMII IiCHTIOBAY i3 TACMBHMM CUMETPYBa/IbHUM IPUCTPOEM.

BucHoBku. Po3po6ieHo 6/10K-cxeMiyt IIPUCTPOIB i OTPUMAHO PO3PAXYHKOBI CIIIBBiJHOIIEHHSI, 1[0 [JO3BO/IAIOTH 3HAYHO
CIIPOCTUTH @HA/Ii3 aHTEH 3 AKTMBHUMU CUMETPYBa/IbHUMM IIPUCTPOAMY Oe3 3aIydeHHs Oyab-sAKOTO Clieliiali3oBaHoro Ipo-
rpaMHOTO 3a6e3IedeHHA. Pe3yIbTaTy MOXKYTh BUABUTICA KOPUCHUMI JI1 PO3PAaXyHKY TapaMeTpiB HM3bKOYaCTOTHMX pajiio-
TEJIeCKOIIIB, Ki BUKOPYCTOBYIOTH ITOi0OHI aHTeH! fK elleMeHT! (a30BaHUX AHTEHHNX PEIIiTOK.

Kntouosi cnosa: cumempuuna anmena, AKmueHuti cCuMempysanvHuil NpUCMmpiti, YomupunonoCHUK, Mampuyst po3CciaHHs, Ko-
Penauiiina MAmpuys WymMo8uUx X6 usb.
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