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THE INFLUENCE OF A CIRCULAR-PATCH MONOPOLE ANTENNAS
EXCITATION METHOD ON THEIR INTEGRAL CHARACTERISTICS

Purpose: The question of the influence of modes of excitation of disk monopole antennas of microstrip topology on the antenna
general properties is considered. The purpose of work consists in determination of the optimum method of antenna excitation
for increasing the antenna matching level with the external microwave chains and its influence on the antenna energy charac-
teristics.

Design/methodology/approach: The modeling of antenna general properties is made by using the finite element method (FEM).
The modeling is carried out within the model of a half-open resonator formed by the two metal surfaces (a grounded base and
Jjust a strip conductor), on which the condition of electric wall is fulfilled, and also by the cylindrical surface on which the condition
of magnetic wall is fulfilled. In modeling, usually the thin substrate h < A,,, is assumed, where h is a substrate thickness, A,
being the resonance wave-length in a resonator. For such an assumption we may affirm that the vector of an electric field
in a resonator will not have variations along the coordinate being perpendicular to the structure plane, and in the resonator,
the prevailing types of oscillations will be oscillations E,,,(TM ., ). In modeling, special attention has been paid to the mutual
coupling of just a disk resonator and the resonator formed by a coaxial line segment.

Findings: The information on the influence of the mode of excitation of disk monopole antenna with microstrip topology on the
antenna general properties: spectral characteristics, degree of antenna matching with external chains, and energy characteristics
with variation of substrate dielectric constant values is obtained.

Conclusions: The data obtained testify that the monopole disk microstrip resonators with the complex-composite topology
of radiators can provide a high level of integral characteristics and form the radiated fields with the required characteristics.

Key words: disk microstrip resonator, slot radiator, mode of excitation, matching, directivity diagram

1. Introduction tennas, and as elements of phased array antennas.
In particular, microstrip antenna is used as a re-
ceiving antenna in user’s apparatus of space na-
vigation systems (GPS (Global Positioning Sys-
tem), GLONASS (Global Navigation Satellite Sys-
tem), etc.) [2], in modern wireless communication
systems [3], etc. Other fields of applications should
be mentioned such as medical therapy [4], elements
of microstrip devices (filters [5], hybrid junctions [6],
circulators [7], etc.).

Recently, applications in military radio technology
have become an important subject of microwave
© S. A. Pogarsky, L. M. Lytvynenko, D. V. Mayboroda, communication [8]. For these applications, a set of

A. V. Poznyakov, 2018 different (and sometimes contradictory) requirements

This paper is an extension of work originally presen-
ted in 2017 at the XI International Conference on
Antenna Theory and Techniques (ICATT) [1] and
describes new results in the field of microwave and
wireless technologies.

Microstrip antennas, due to their lightweight, com-
pact size, conformable structure and ease of fabrica-
tion, have found wide application in various fields.
They are widely used in many communication sys-
tems as independent transmitting or receiving an-
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is presented. They have to be compact, extremely
wideband and to provide the ability to receive and
transmit signals accounting for the possible rapid
movement of the object and thus possible frequency
changes due to the Doppler effect.

The canonical forms of microstrip antennas are
rectangular and circular resonators and their various
modifications operating at the lowest modes. Each
of topology realization has its own advantages and
disadvantages. For example, a rectangular patch
design topology has resonant wavelengths propor-
tional to 1/ \/g (e, means relative permittivity of a
substrate material). It allows to use substrates with large
values of permittivity and thus to reduce the geometrical
antenna dimensions at required frequencies.

Antennas with axially symmetric type topology
(circular, annular, and their modifications) have cer-
tain advantages as against antennas with a rectan-
gular topology. A wide operating frequency band
and the possibility of radiation with an elliptical (cir-
cular) polarization are the two most significant.
At the same time, the designs based on these topo-
logies have a significant defect. In these structures,
the degenerated modes may be excited that can be
result in technical difficulties in maintaining a sin-
gle-mode operation and polarization stability in a
given frequency band. In axially symmetrical reso-
nating structures, multiple degenerated eigenmodes
are observed because of the presence of infinite
symmetry around the rotation center (axis of sym-
metry equals C,) [9]. The information on suffi-
ciently simple and technological ways of controlling
the spectral composition of the excited oscillations
can be found. Among them, one can point to the
methods based on changing the structure of the
current lines on the patch surface [10], and to
methods based of the effect on the so-called phase
excitation centers [11, 12].

Analysis of information cited in studies that have
already became classical [13—15] shows that the
problems of excitation of microstrip structures and
matching them with external circuits have received
much attention. The aforementioned studies focused
mostly on matching by the use of 3D elements (shor-
ting vias). These studies lack data on spectral inter-
actions between two primary parts of a structure,
namely a resonator and an exciting element. Due to
finiteness of geometrical dimensions of exciting ele-
ments and the possibility of appearance of resonan-
ces in these elements, the spectral interactions factor
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can’t be ignored in the process of designing highly
efficient antenna systems.

There were attempts to create models for simula-
tions of an input impedance value, matching and fre-
quency tuning of microstrip antennas [16—20]. They
also have not accounted for the factor of possible
occurrence of resonance effects and its influence on
integral characteristics of antennas. Reviewed lite-
rature also lacks information on the influence of re-
latively small deviations of values of a dielectric
permittivity on amplitude-frequency and other cha-
racteristics of antennas with various technological
methods of antennas excitation.

Obviously, a detailed analysis of the influence of
various technological factors on the most important
antenna characteristics is very important.

In this regard, an attempt was made to fill such
gaps. The goal of this study was to identify more
subtle mechanisms of the influence of various tech-
nological factors on the most important characteris-
tics of circular-patch monopole antennas.

2. Models under Study

Now let us study a microstrip disk patch antenna with
discontinuities in the form of log-periodic slot line seg-
ments being excited by different methods shown in
Fig. 1(a)-1(c). Elements of discontinuities fulfil con-
ditions of the log-periodic law, that is, the distance
between the elements and the size of the cell changes
are decreasing up to geometric progression with a gi-
ven denominator. In Fig. 1(a), the patch antenna is
excited with a coaxial line segment. In Fig. 1(a), the
following notations are used: 1 — grounded plane, 2 —
dielectric substrate, 3 — disk patch, 4 — exciting seg-
ment of a coaxial line.

In Fig. 1(b) the structure is excited with a micros-
trip line segment. In addition, Fig. 1(c) shows the
structure excited with a coplanar line. Each excita-
tion method has certain electrodynamic and technical
advantages. Thus, excitation with a coaxial line al-
lows to excite the axially symmetric types of oscilla-
tion quite easily.

Excitation with a microstrip and coplanar lines
makes it possible to match the antenna with ex-
ternal circuits without any technical tricks. Further-
more, the excitation with a coplanar line allows to
achieve the radiation from both sides of the substra-
te (to achieve the radiation from both sides of the
aperture).
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c

Fig. 1: A structure with coaxial excitation shown schematically
(a), topology of the structure with microstrip excitation (b),
and topology of the structure with coplanar excitation (c)

The used parameters of a structure under study
are as follows: dielectric substrate is FLAN-3.8
(g, =3.8) with thickness of 7 =0.5 mm, disk patch
with diameter of d =35 mm, the angle between
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neighbouring segments is 120° (between axes of
channels of a log-periodic structure). In the first case,
the exciting segment of a coaxial line has the cross
section of 7.5x3.8 mm and wave resistance 50 Q.
In other cases, the parameters of exciting elements
have been taken with account for matching with
external circuits. It will be observed that in the case
of coplanar excitation, there is a too large difference
between the values of the wave resistance of the
coplanar line and the input resistance of the patch,
the coplanar transition is made in a stepwise form.
In all cases, the values of dielectric constant are
variable.

As can be seen from the ratio of the parameters,
the substrate has been assumed to be thin (7 < X,),
wherein /4 is the substrate thickness, A, is the re-
sonant wavelength in the cavity. If such assumptions
are made, it can be argued that the vector of an
electric field in the resonator has no variations along
the direction perpendicular to the structure plane and
the cavity oscillation modes E,,,(TM,,,) are pre-
valent oscillations.

3. Results of Investigation

The key issues in the study of any microstrip struc-
ture with canonical topology of the patch are eigen-
mode spectrum, influence of internal parameters on
integral characteristics, broadbandness of operation,
and — if it is a radiating structure — the form and cha-
racteristics of patterns. By the FEM (Finite Element
Method), the eigenmode spectra of a complicated
structure for different methods of excitation are in-
vestigated.

Fig. 2 shows the spectrum of a canonical disk
resonator. The concentration of spectral lines can be
observed in the frequency range above 5 GHz. In the
frequency range above 6 GHz, there is a large num-
ber of degenerated modes (in Fig. 2 they are shown
with the thickened spectral lines).

Fig. 3 shows the spectrum of object with three
discontinuities in the form of segments of log-perio-
dic structure with a coaxial segment. It will be ob-
served that in any case a disk patch with disconti-
nuities and an element of excitation will together make
a system of coupled resonators. The relationship
between the resonant frequencies and the coupling
magnitude will determine the actual spectral charac-
teristics. In the case of excitation with a coaxial
segment, the rarefying of eigenmodes spectrum can
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1 2 3 4 5 6 17 FGHz

Fig. 2: Spectrum of a canonical microstrip disk resonator

2 3 4 5 6 7 F,GHz

Fig. 3: Spectrum of the structure with three discontinuities and
asegment of coaxial line

be noted. Only two spectral lines at frequencies
F =5.0003 GHzand F =5.0333 GHz are sufficiently
close but not degenerated. This fact is confirmed by
the current structure on the patch obtained by nu-
merical simulations.

Fig. 4 shows the spectrum of an object excited by
a segment of microstrip line.

Here, a sufficiently rarefied spectrum in the entire
frequency band can be found. Only two spectral lines
at frequencies F =6.144 GHz and F =8.012 GHz
are degenerated.

Fig. 5 shows the spectrum characteristic of a struc-
ture with coplanar element of excitation. A suffi-
ciently large number of spectral lines can be seen.
They are distributed rather unevenly on the frequen-
cy axis. Degenerated modes are observed in the
frequency band above 7 GHz.
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1 2 3 4 5 6 7 F,GHz
Fig. 4: Spectrum of the structure with three discontinuities
and a segment of microstrip line

2 3 4 5 6 71 FGHz

Fig. 5: Spectrum of the structure with three discontinuities
and a segment of coplanar line

It is a well known fact that all parameters of mi-
crostrip devices depend essentially on the internal
parameters, first of all, on the permittivity value of a
dielectric substrate. This parameter is of particular
importance in cases where discontinuities which change
the structure of currents on the patch are present.
In addition, an important role is played by the method
of excitation of the structure, more precisely, by the
presence of additional functional elements. The per-
mittivity value on influence |Sl l| in the frequency range
will determine both degree of antenna matching with
external circuits and radiation efficiency at certain fre-
quencies. Dependencies of |S“| vs. frequency with
variation of the relative permittivity values in case of
a coaxial excitation (Fig. 1(a)) are shown in Fig. 6.

As can be seen, the minimum of |S11| is observed
for €, =3.7 at F =5.75 GHz with an absolute value

131



S. A. Pogarsky et al.

IS4
T

0.8- ,:

1 3 N

] o2
0.4- |

] 1 1-¢e=37
0.2 e 2 _g=38

] 3-e=39

O T T T T T T T T T
3 4 5 6 7 F,GHz

Fig. 6: Dependencies of |S;| vs. frequency with variation
ofthe €, value for a coaxial excitation case

of 0.11 that is equivalent to voltage standing wave
ratio VSWR =1.247. This frequency corresponds to
the frequency of one of the degenerated modes of a
canonical microstrip disk resonator (Fig. 2). It will be
observed that this absolute minimum can be seen in
a very narrow frequency band. A small change in the
relative dielectric constant to the design value of
g, =3.8 (about 2.6 %) shifts the minimum value of
|S“| to a low frequency region. The resonant fre-
quency is almost equal to the frequency of the spec-
tral line of one of the eigenmodes of a disk with log-
periodic discontinuities (Fig. 3). The bandwidth in this
case practically does not change, but the value of
|S1 1| itselfrises to the level of 0.36 (equivalent to the
value of VSWR =2.125). Further increasing of the
relative dielectric permittivity value to €, =3.9 leads
to a further shift into a low frequency band and in-
creases the |S11| level. We may assume that at fre-
quencies close to the minima of the reflection coef-
ficient, an effective radiation can be detected.

However, in the low frequency band (near
4.75-4.85 GHz), where the E,,(TM,,,) mode is
excited, there are resonances with a relatively low
level of reflection (not exceeding the level of 0.45).
Resonances at these frequencies are not so sharp,
that is, the bandwidth here is wider.

Fig. 7 shows the changes of |S 1 1| with variations of
the €, value within 3.7 to 3.9 for the case of a struc-
ture excitation using the segment of microstrip line
(Fig. 1(b)). As can be seen, there are some changes
with respect to the first case (Fig. 6). All the depen-
dences show a shift to the low-frequency region by
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Fig. 7: Dependencies of |S;| vs. frequency with variation
ofthe €, value for a microstrip excitation case

about 1 GHz. There is also a small frequency shift
down the frequency with increasing value of €,. The
magnitude of the absolute minimum of |Sl l| has slight-
ly increased. At the same time, there are two more
frequency bands in the considered frequency domain,
within which small values of |S11| are observed.

Typical is the frequency band from 5.5 to 6.5 GHz.
In this band, sufficiently strong oscillations of |S] 1|
values are observed, that is the result of resonant
phenomena in a microstrip line segment. The seg-
ment length is / ~12.5 mm, the average frequency
of the interval is 6 GHz, the obtained value of
g, =1.688, the ratio is I/} ~0.42, i.e. the situation
is close to the resonant one.

Fig. 8 shows the changes of |S11| vs. frequency
with variations of the ¢, value for coplanar excita-
tion case. The dependencies have substantial diffe-
rences from the earlier considered cases. Obviously,
there is no principle dependence of |S] ,| vs. g, inthe
frequency band from 1 to 14 GHz. The noticeable
pulsations are observed in the high-frequency band.
The resonant phenomena associated with the finite-
ness of the segment of an exciting element are ob-
served in a higher frequency range. Taking into ac-
count the nature of the characteristic, one can expect
the effective radiation of a structure in two bands,
one of which being a sufficiently low-frequency.

The results of numerical simulations of energy
characteristics are shown in Fig. 9. Fig. 9 shows the
elevation pattern characteristic for F =4.78 GHz
and F' =5.74 GHz being normal with respect to the
plane of the disk resonator structure. Characteristics
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Fig. 8: Dependencies of ‘S”‘ vs. frequency with variation
ofthe ¢, value for a coplanar excitation case

are double-lobe, because microstrip patch is excited
by a non-axially symmetric mode. Both characteris-
tics are represented in absolute values. This represen-
tation gives an indication of the radiation efficiency.
As expected, more effective radiation was found at
the frequency for which minimum reflectance is ob-
served. Comparison of both characteristics shows
that at F =5.74 GHz the radiated power is much
more effective. In addition, at this frequency the
angular dimensions of lobes with an effective radia-
tion are substantially wider.

Fig. 10 shows the pattern characteristics of a struc-
ture with microstrip excitation for F =4.86 GHz.
This frequency corresponds to the minimum value of
|S“| (see Fig. 7).

Curve 10a shows the elevation characteristic (with
the azimuth angle of 0°) and curve 10b shows the

(EIE,.)
] 30
0.8-
] ~60
0.4 - Vs ,’
0.2 y "“
0 —90

N

azimuthal dependence. Both characteristics are sin-
gle-lobe. The elevation dependence had small oscil-
lations of radiated power. The fluctuations are ob-
served at angles, which determine the position of the
longitudinal axes of segments of the meander line on
the patch surface. The difference in the radiated
power varies insignificantly.

Fig. 11 shows the pattern characteristics of a struc-
ture with coplanar excitation for F =1.66 GHz.

Curve 11a corresponds to the elevation characte-
ristic (with the azimuth angle of 90°) and curve 11b
shows the azimuthal dependence. Both characteris-
tics are double-lobe. It will be observed that the ra-
diation level from the side of a substrate free of
metallization is somewhat larger. In addition, the
angular width with the maximum of a radiation also
turns out to be wider. Both observed facts are ex-
plained by the influence of a dielectric substrate,
which ensures the redistribution of the electromag-
netic field to the side of aperture with a large value
of permittivity.

4. Conclusions

Thus, the studies of complicated structures being
microstrip objects with complex configuration of dis-
continuities, show that in order to design the effective
radiating systems, it is necessary to take into accounta
number of important factors. The first one is the in-
fluence of material characteristics of the substrate on
radiation characteristics. Accounting for the fact that
there are no perfect dielectrics, they always have dif-
ferent kinds of defects, including deviation from the
desired ¢,, it is an important factor in designing the
radiators, which can be well matched to external cir-
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Fig. 9: Elevation pattern characteristic for a coaxial excitation case: curve a— F =4.78 GHz, curve b— F =5.74 GHz
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Fig. 10: Pattern characteristic for a microstrip excitation case

(EIE,.)

0.8

0.6

0.4

0.2

O—- 270 ')’

90

-0.2

~0.4-

—0.6

—-0.8

-1.0-

Fig. 11: Pattern characteristic for a coplanar excitation case

cuits at one or several frequencies or in a certain fre-
quency band. The second one is the influence of exci-
tation method on spectral and radiation characteristics.
The influence on both characteristics is explained by
the fact that a circular-patch monopole (with disconti-
nuities) and a segment of an exciting line represent two
independent resonating systems. Besides, in exciting
elements may be observed resonance effects asso-
ciated with finiteness of their dimensions. The ratio of
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the resonant frequencies has a significant effect on the
spectral characteristics. Moreover, the ratio of Q-fac-
tors has a significant effect on the radiation characte-
ristics too. Consideration of the influence of these fac-
tors makes it possible to design the effective radiating
systems with predictable characteristics. Use of exci-
tation with a segment of coplanar line allows to achieve
effective radiation in the low frequency range. Use of
other methods of excitation fails to realize effective
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radiation in this frequency range with the same geo-
metric dimensions of the structure.

The results of investigations have allowed to design
a sample of the antenna being patented in Ukraine [21].
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BJIMAHUE CIIOCOBOB BO3BYXKAEHN A IUCKOBBIX
MOHOIIOJIBHBIX AHTEHH HA X OCHOBHBIE
XAPAKTEPUCTHUKU

IIpeomem u yenv pabomei: PaccmMaTpuBaeTCst BOIIPOC O BIIHSI-
HHH CII0COO0B BO30YKIICHUSI IMCKOBON MOHOIIOJIBHOW aHTEHHBI
MHKPOTIOJIOCKOBOH TOTOJIOTMH Ha OCHOBHBIC XapaKTEPHCTHKH
aHTeHHBI. [[eb paboThl COCTOUT B OMPeIeTICHUH OTITUMATBHOTO
crnoco6a B30y KCHHsI aHTEHHBI JJIs OBBILICHUS YPOBHS CO-
[JIACOBaHMS aHTEeHHBI ¢ BHeITHUMY CBY 1iensmMu 1 ero BIUsSHUS
Ha SHEePreTHICCKHE XapaKTePHUCTHKN aHTCHHBL

Memoowt u memooonoeus: MoJenupoBaHue OCHOBHBIX Xapak-
TEPHUCTHK aHTEHHBI OCYIIECTBIICHO C HCIIOJIh30BAHUEM METOIa
koHeuHbIX dneMeHToB (FEM). MonennpoBanue mpoBeneHo
B paMKax MOJIEJH MOITYOTKPHITOTO pe30HaTopa, 00pa30BaHHOTO
JIBYMsI METAJUTIYECKAMU TIOBEPXHOCTSIMH (3a3eMJIEHHOE OCHOBA-
HHUE 1 COOCTBEHHO TI0JIOCKOBBIH TPOBOIHUK), HA KOTOPBIX BbI-
TIOJTHSETCS YCIIOBHE AEKTPHUESCKON CTCHKH, U IIWITHHIPUYECKOM
MTOBEPXHOCTHIO, HA KOTOPOH BBIMOJHACTCS YCIOBUE MATHUTHOM
crenku. [Ipu MozenrpoBaHuy OOBIMHO BBOIST MIPEMOI0KEHHE
TOHKOHM MOMIOKKH /<K A rae s — TONIIHMHA TOIOXKH,

res?

A,.s — PE30HAHCHAS JUIMHA BOJHBI B pe3oHaTope. [Ipu Takoro
POZa NPEANONIOKEHUH MOYKHO YTBEPXKIATh, YTO BEKTOP JIEKT-
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PHUYECKOTO IO B pe30HaTOpe He OyeT IMETh BapHaLiii BIOJb
KOOPJAMHATHI, NEPIEHIUKYIAPHON MIOCKOCTH CTPYKTYPHI,
a B pe30HATOpE NPEBAIUPYIOIUMH TUIIAMU KosteOaHuii OymyT
xonebanus E,,,(TM,,,,). IIpu MonenupoBaHuy 0coboe BHUMA-
HHE y/IeJIeHO B3aUMHOMY BIIMSHUIO COOCTBEHHO AMCKOBOTO pe-
30HATOpa U PE30HATOPa, 00Pa30BAHHOIO OTPE3KOM KOAKCHAIb-
HOU JIMHUU.

Peszynomamut: [1omydeHb! TaHHBIE O BIUSHAY CII0C00a BO30Y k-
JIEHUS JUCKOBOM MOHOTIOJILHOM aHTEHHBI C MUKPOITOJIOCKOBOM
TOIIOJIOTHEH Ha OCHOBHBIE XapaKTEPUCTUKH AHTEHHBI: CIIEKTpaIb-
HBI€ XapaKTePUCTHKH, CTEIICHb COITIACOBAaHMS aHTEHHBI C BHE-
LIHUMH UEISIMU U S3HEPTeTUYECKUE XapaKTepHCTUKH P BapHa-
LMY 3HAYCHUH OTHOCUTEIIbHON IMANIEKTPUYECKOH IPOHUIIAEMOC-
TH HOUTOXKKH.

3axnmouenue: I1orydyeHHble JaHHBIE CBUAETEIBCTBYIOT O TOM, UTO
MOHOIIOJIbHBIE IUCKOBBIE MUKPOIIOIIOCKOBBIE PE30HATOPBI CO CII0XK-
HOKOMITO3ULIIOHHON TOIOJIOTHEH H3/Tydaresneii MoryT obecredu-
BaTh BHICOKUH YPOBEHb UHTETPANILHBIX XapaKTEPUCTUK 1 (hOPMHU-
POBAaTh U3JTyYaeMble oIS ¢ TPeOyEeMbIMH XapaKTEPUCTHKAMH.

Knrouegvie cio6a: NTACKOBBI MUKPOIIOIOCKOBEIN PE30HATOD,
LIeJIeBOIl M3ITy4arelib, Criocod BO30YyKAEHHs, COITIacOBaHUE,
JiMarpamMMa HalpaBJICHHOCTH

C. O. Hozapcoxuii!, JI. M. Jlumeunenxo?, /1. B. Maiibopooa’,
A. B. losnsxos!

! XapkiBChKHIT HAL[IOHAIBHUI yHIBEPCHTET
imeni B. H. Kapa3ina,
M. CBobGonu, 4, M. XapkiB, 61022, Ykpaina
2Pamioactponomiunuit inctutyT HAH Yipaimu,
BylL. Mucteurs, 4, M. XapkiB, 61002, Vkpaina

BIIJIMB CITOCOBIB 3bYJIKEHH A IMCKOBHX
MOHOIIOJIbBHUX AHTEH
HA IX OCHOBHI XAPAKTEPUCTUKHU

IIpeomem i mema pob6omu: PO Aa€THCS MUTAHHS PO BILTUB
cr1oco0iB 30yILKEHHS AMCKOBOT MOHOTIOJIBHOT aHTEHH MIKPOCMY K-
KOBOI TOTIOJIOTi1 HA OCHOBHI XapaKTepUCTUKH aHTeHU. MeTa po-
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00T oNIArae y BU3HAYCHHI ONTHMAJIBHOTO COCO0Y 30YIKEHHS
QHTCHU JUTA T IBUILICHHS PIBHS Y3rOJDKEHHS aHTCHH 13 30BHILI-
Himu HBY naniroramu i Horo BIUTMBY Ha €HEPreTHYHI XapaKTe-
PHCTHKH aHTEHH.

Memoou i memodonoeis: MoaemoBaHHs OCHOBHHX XapaKTepH-
CTHUK QHTEHH 3/1ifiCHEHE 3 BUKOPHCTAHHM METO/Y KiHIICBHX eJie-
meHTiB (FEM). MonentoBaHHs BAKOHAHO B paMKax MOJIeJTi Ha-
IiBBIIKPUTOTO PE30HATOPA, YTBOPEHOT'O IBOMa METAJICBHMH I10-
BEPXHSMHU (3a3eMJIEHa OCHOBA Ta BIIACHE CMY)KKOBHI1 IIPOBITHYIK),
Ha SIKUX BUKOHYETHCS yMOBA €JICKTPUYHOT CTIHKH, Ta IIWITiH]I-
PHYHOIO OBEPXHEIO, HA SKill BUKOHYETHCSI YMOBa MarHiTHOT
crinku. [Tpu MozienroBaHHi 3a3BHUYail BBOJSTH PHITYILICHHS TOH-
Kol migKnagku h << A, A€ h — TOBUIMHA MiAKTAAKA, A, —
PE30HAHCHA JOBKHHA XBUIII B Pe30HATOPI. 3a TAKUM MPHITYILICH-
HSIM MOXKHa CTBEPJKYBAaTH, 1[0 BEKTOP €JIEKTPUYHOTO OIS
B PE30HATOPI HE MaTHMe Bapialliil y3MOBXK KOOPIHHATH, TIepPIICH-
JVMKYISIPHOT IUTOLIMHI CTPYKTYPH, @ B PE30HATOPI epeBaXkaro-
YYMHU TUIAMU KONUBaHb OynyTh konuBaHHa E, ,(TM,,..).
[pu MonenroBaHHI OCOOITHBOI YBATH MPHIUICHO B3aEMHOMY BITTH-
BY BJIaCHE JIICKOBOTO PE30HATOPA i pe30HATOpPA, YTBOPEHOTO
BiZIpi3KOM KOAKCiaIbHOI JIiHi1.

Pesynvmamu: OTpUMaHO JaHi IPO BIUIUB CIIOCO0Y 30y/DKEHHS
JIMCKOBOI MOHOTIOJIBHOT @HTEHH 3 MiKPOCMYKKOBOO TOIIOJIOT €0
Ha OCHOBHI XapaKTEePHCTUKH aHTEHH: CIICKTPaJIbHI XapaKTepuc-
THKH, Mipa y3rO/PKEHHS aHTCHH 13 30BHIIIHIMH JIAHIIOraMH 1 eHep-
TeTUYHI XapaKTEePUCTUKH TP Bapialii 3HaueHb BiIHOCHOT Jlie-
JIEKTPUYHOT IPOHUKHOCTI ITi/TKJIAIKH.

Bucnosox: Otpumani AaHi CBi14aTh Mpo Te, 10 MOHOMOJIbHI
JICKOBI MIKPOCMY KKOBI pE30HATOPH 13 CKJIaIHOKOMITO3HIIITHOIO
TOTIOJIOTi€I0 BUITPOMIHIOBAYiB MOXKYTh 3a0€3I1€TyBaTH BUCOKHUI
PIBEHB IHTETPAIEHAX XapaKTEPHCTHK i (POPMYBaTH BUIIPOMiHIO-
BaHi MOJISI 3 HEOOX1 THIMH XapaKTePUCTUKAMIL.

Kniouoei croea.: AUCKOBHI MIKPOCMYKKOBUI pe30HATOP, II{ITHH-
HUI BUTIPOMIHIOBaY, CIIOCI0 30y/PKEHHS, Y3TOJDKEHHS, iarpaMa
CIPSIMOBAHOCTI
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