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Introduction. Waveguides, partially filled with dielectric material (partially filled waveguides) are widely
used in the super high frequency equipment. They have certain advantages over hollow waveguides, including
the possibility of reducing sizes of a cross-section, increasing the power of radiation and suppressing undesired
types of waves. Following the production of diverse new dielectric materials intended for use in super high
frequency range devices, there is a need to continuously develop methods of calculation and measuring
characteristics of partially filled waveguides.

Statement of the problem. The theory of completely filled waveguides and waveguides with dielectric
filling along narrow walls is developed quite thoroughly. However, its application to various waveguide devices
requires the solution of transcendental equations, which is possible only using numerical methods. This
makes it difficult to obtain information about any characteristics of a device. For the study of partially filled
waveguides with different sample height, among others, this paper presents an approach, which is based
on the representation of the relative permittivity of the medium in the form of two real functions, each
of which depends on the cross-section from one coordinate. The paper also introduces the method which
allows calculating the propagation constant at any frequency, by measuring the value of effective dielectric
permittivity.

Results and discussion. The results of the analysis shows that known methods of measuring effective
dielectric permittivity have certain shortcomings in relation to the modification of partially filled wavegui-
des, bandlimitedness, and a significant relative error of measurement with increasing effective dielectric
permittivity. It is necessary to match the bridge at each frequency, reaching the absence of a signal in the
arm E for identical loads that are connected to the side arm. For this, bridges have tuning elements in the
form of pins, diaphragms, etc. The method for measuring effective dielectric permittivity of partially filled
waveguides using an unmatched T-bridge, which does not have these deficiencies, is introduced.
Conclusions. The scientific novelty of the proposed method for measuring effective permittivity of partially
filled waveguides using an unmatched T-bridge gives the possibility of providing broadbandness, increasing
the accuracy of measurements, and the universality through the use of a panoramic indicator of the standing
wave ratio using the voltage and electron-computer. The results obtained should be used when designing new
antenna systems, which include partly filled waveguides, as well as part of teaching and learning activities
for creating new workplaces or improving existing ones aimed at laboratory and practical training using the
above method of measurement.
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1 Statement of the problem

Waveguides, partially filled with dielectric material
- partially filled waveguides (PFWs) - are widely used
in the super high frequency (SHF) equipment [1-5].
The increased interest to such waveguides is due to
the fact that they have a number of advantages over
hollow waveguides. Thus, changing the form of their
filling and dielectric permittivity of a material, it is

possible to control the distribution of the power flow
in a cross-section, the position of the circular polari-
zation points of the SHF magnetic field, and other
characteristics [6,7]. This enables increasing the power
of radiation and suppressing undesired types of waves
in waveguides [9,10].

At present, various dielectric materials are intended
for the use in SHF range devices with small
losses (with relative permittivity within e, =
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2...20). Improvement of waveguide characteristics wi-
th frequency dielectric filling goes along with a decrease
in their size and greater stability of characteristics in
the frequency range, which is the basis for the creation
of small size and broadband antennas [10,12].

Thus, PFWs are widely used in various SHF devi-
ces. Therefore, there is a need to continuously develop
methods of calculation and measuring their characteri-
stics.

2 Analysis of recent research and
publications

The number of dielectrics that are used in the super
high frequency (SHF) equipment is rapidly increasing
now. The emergence of new dielectrics contributes to
the creation of new transmission lines and SHF devices,
such as partially filled waveguides (PFWs), resonators,
filters, phase shifters, etc. The practical application
of such devices without reference to their dielectric
permittivities is impossible.

The electrodynamic problem solving for PFW
reduces to finding the propagation constant in the
waveguide [13,14]. The exact solution of the Helmholtz
equation of the electromagnetic field for PFW is
only possible in certain cases, for example, in layered
waveguides, when the distribution limit is subject to
the piecewise continuous law of the distribution of
permittivities. The classical methods for determin-
ing the propagation constants in PFW are reduced
to solving the dispersion equation obtained either by
comparing the tangential components of the electric
and magnetic fields at the distribution limits of each
layer, or by the theory of circles [15,16].

In [14], for the study of PFWs with different sample
height, an approach, based on the representation of
the relative permittivity of the medium in the form of
two real-valued functions, each of which depends in the
cross-section from one coordinate, is introduced. This is
an approximate method for determining proper scalar
and vector functions of a PFW. At first, the approxi-
mation of the piecewise-inhomogeneous waveguide fi-
lling allowed the authors to reduce the problem to the
Hill equation. Given only one member in these series,
the solution of the problem was obtained in Mathieu
functions.

Any theory needs to be practically confirmed. This
can be a full-scale experiment (measurement) or a
computer simulation with the help of modern software
packages.

Measurements of effective dielectric permittivity
are considered in many papers [13,14]. In [9], a method
for measuring effective dielectric permittivity € by a
measuring line was introduced. One of the advantages
of the method is its simplicity, and, among the di-
sadvantages, there is the ability to use only those

modifications of PFWs that do not interfere with the
movement of a measuring line probe.

The studies [16,17] show that at extreme frequenci-
es of the standing-wave ratio (SWR) characteristics on
a panoramic indicator screen there is the possibility to
fulfill the following condition:

T
pr=uZ, (1)
where [ - the wave number in the waveguide; ¢ - the
length of the dielectric sample; = 2n - at the point
of minimum and z = 2n + 1 at the point of maximum,
n=1,23...

The condition (1) is equivalent to the fact that
along the sample of the dielectric that is being investi-
gated, an integer of half-waves is inserted:

{=n—, 2
- 2)
where A is the wavelength in the waveguide with the
dielectric that is being investigated, or, equivalently,
the even number of quarters of the wavelengths:

A

The condition (1) can be rewritten in the following
form:
w
{=2n—. 4
n (4)
In [18], for analysis of reflection coefficient it is
shown that the following condition is fulfilled at the
maxima frequencies:
0
= 5
3 5)
that is, along the dielectric sample, an odd number of
quarters of wavelengths is inserted:

Bl=(2n+1)

B = (2n+1)%. (6)

Consequently, in the general case, the conditions of
extremums can be rewritten in the form:

Bt=aZ, (7)

where = 2n is at the point of minimum and x = 2n+1
is at the point of maximum.

Thus, conditions (1) and (2) have a clear physical
content, the frequency of the minimum is a resonant
frequency, and the frequency of the maximum is the
antiresonance frequency.

As the result of the measurement, the condition (7)
is fulfilled, then one measured extremum frequency is
not enough, but it is still necessary to know the number
of half waves (quarter waves) that are enclosed along
the sample - n.
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For this, condition (7) can be written in the form
analogous to the system as relating to &,, then for a
completely filled waveguide [17,18]:

212
I g, (®)
Ao
€ - (%)
242
(”0 +q) /;0 _ 462, (9)
A
£ — (%)

where a is the size of the broad wall of the waveguide;
Ao — wavelength of the generator; A — wavelength in the
dielectric. For this it is believed that € (fo) =& (f) = &;
q — a number of half-waves along dielectrics.

For the measurement of the frequency characteristic
of SWR — K. (f) in [17,18], a measuring device was
developed on the basis of a panoramic indicator of
SWR, and the equations (8), (9) were solved as follows:

no = q+1/(a4)® - (t/a)? (42 - 1),

)\0 2 no 2
= (3) |+ ()]
where A= f/fo .

In fig. 1, the dependences of the magnitude /€ on
the decay factor for the waveguide with two plates,
respectively, at the different filling ¢, for the values
a/A =0,6 and a/A = 0,7 calculated by the expressi-
ons (10) and (11), are given. If a certain curve does
not reach the value /e ~ 3,5, this means that at
given t,, higher-order modes may occur in a rectangular
waveguide.

All dependencies are developed for such values of ¢,
when only the wave of the main type (Hyg) is applied
to PFW.

In order to reduce the reflection from the output
ends of the dielectric plates, it is proposed to use the
cutoffs, and the presence of higher-order modes can be
detected with the help of the standing wave pattern.

Thus, by measuring the value of effective dielectric
permittivity e, it’s possible to calculate the propagati-
on constant at any frequency. As the magnitude &
increases, the deceleration rate m increases as well and
its value approaches /e. As the size of the filling as
well as the effective dielectric permittivity € increase,
and the value of a/A decreases, the propagation of the
main wave in the PF'W becomes possible.

The waveguide width, normalized to the
wavelength, depending on the filling, changes more
rapidly with small fillings. The conducted experimental
studies of measuring ¢ with the help of a panoramic
indicator of the voltage standing-wave ratio (VSWR)
have proved that the relative error of measurement for
dielectric permittivity & < 2 does not exceed +2% in
the frequency range (26 - 37,5) GHz.

The use of a panoramic indicator of VSWR in
the case where the partial dielectric filling (PDF)
has a relative effective dielectric permittivity that

(10)

(11)

changes within the limits ¢ = 5...15 has a relative
measurement error +15%, which is a disadvantage of
this method [20].

Therefore, the purpose of the paper is to
develop the method for measuring the effective di-
electric permittivity of a PFW in order to improve the
accuracy of measuring ¢.

3 Results

In order to increase the accuracy of measuring e of
a PFW | it is proposed to apply a bridge measurement
method based on the waveguide bridge [10].

The method of using bridge meters is to compare
the unknown impedance of a SHF device with the
reference one. Therefore, the reference impedance is
a necessary part of a bridge meter. Various bridge
coaxial and waveguide circuits are known. Consider one
of them - the waveguide bridge [10] (fig. 2).

The wave from the SHF generator comes in the
4th bridge arm. If the bridge is strictly symmetrical
(agreed), the wave is divided in half between arms
1 and 2 and does not pass in the arm 3 to which
the detector and the indicator are connected. If the
reference impedance (standard measure) is connected
to the arm 1, the bridge will only be matched if
the impedance (load), equal to the reference one, is
connected to the arm 2. At that, the waves, reflected
from both loads, at the input of the arm 3 are
completely subtracted. In all other cases, if the module
or phase of the reflection coefficient of the load in the
arm 2 differs from the module or phase of the reflection
coefficient of the standard measure, and a wave that is
proportional to the difference between the amplitudes
and phases of waves reflected from both loads will
appear in the arm 3.

Thus, with the help of a bridge, one can estimate
the difference between the impedances of two loads.

For graduation, it is possible to connect sequentially
several loads with known VSWR to the arm 2, observed
the indicator readings; and then mark the whole scale
according to the keys received.

The disadvantage of bridge indicators is the very
narrow frequency range at which the bridge remains
matched. In practice, it is necessary to match the
bridge at each frequency, reaching the absence of a
signal in the arm 3 with the same loads that are
connected to the arms 1 and 2. For this bridge there are
adjusting elements in the form of pins, diaphragms, etc.
Sometimes matching transformers, which are activated
between the inputs of the arms 1 and 2 and the loads,
are used for adjusting.

In some cases, it is possible to exclude this
procedure by applying a method of using a mismatched
bridge to compare impedances, which is widely used in
practice [20].
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Fig. 1. The relationship between ¢ and m

Fig. 2. Scheme of a waveguide bridge

Consider the method of measuring the parameters
of SHF devices, consisting of a VSWR panoramic
indicator and a mismatched bridge.

The composition of the diagram of measuring
VSWR of partially filled waveguides by a computer
includes:

OFG - oscillation frequency generator;

D1 - direct-reading incident wave detector;
D2 - direct-reading standing wave detector;
ID - interface device;

T - hybrid-t;

ECM - electronic computing machine;

I - indicator.

The measurement method is as follows: the
reference load 7 is connected to the arm 2 (fig. 3),
to the arm 1 — the special load 6 with reflection
coefficient varying in module and phase (the oscillator
5 is connected to the arm 4). With the help of the
adjustment controls of this load, zero indicator readi-
ngs are achieved. For this, the sum of the waves in
the arm 3 due to the asymmetry of the hybrid-t, the

reflection in it and from its flanges, and the reflection
from the reference and regulated loads, equals to zero.
If a short-circuited waveguide with PDF is connected
to the arm 2, then the magnitude of the reflection
coefficient of the waveguide with PDF can be found
by moving a short-circuiting switch.

OFG HH D1 HH D2
A Ij $J
ID

Fig. 3. The block diagram of measuring VSWR of
partially filled waveguides by a computer

In this device, the detected signals from the
detectors of the directional couplers of the incident D1
and the reflected D2 waves instead of the panoramic
indicator PI are fed to the interface device ID where
they are amplified and converted into binary code. The
basis of the oscillation frequency generator of such a
device most typically is a digital frequency synthesi-
zer controlled by its computer. Since the accuracy
of frequency synthesizers is constantly improving, in
such a panoramic indicator there is no need to use an
external frequency meter.

The functions of displaying, controlling oscillator
frequency generator and calculating are performed by
a personal computer.

The results of measurements can be automatically
generated in the form of a report, for example, in MS
Excel format.

Fig. 4 shows the dependencies of the value £ on
the ratio ¢,/a , calculated from the expressions (10)
and (11) and measured experimentally by the proposed
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method based on a mismatched bridge (where n is the
motion distance of a short-circuiting switch).
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Fig. 4. Dependence of the waveguide with two dielectric
plates adjacent to the walls of the waveguide
(1 - experiment, 2 - measurement,)

The transition from the reflection coefficient of the
PFW to SWR can be carried out either according to
the known formula [7,18] or according to the diagram
[9].

The use of the expressions (10) and (11) for
calculation allows determining ¢ of the PFW, and the
use of a bridge meter allows precise measuring ¢ in the
required frequency band. The calculation and experi-
mental studies conducted for a waveguide with two
plates for € have a little variation between the curves.
The relative error for the dielectric permittivity e < 15
does not exceed £0,7% in the range (26 - 37.5) GHz.

The proposed method with the use of a bridge,
in which measure is a controlled short-circuiting swi-
tch, is widely used to measure dielectric properties
of materials, since compared with other methods in
many practical cases, it is relatively simpler and more
universally applicable for preparing and conducting
measurements.

Conclusions

Consequently, as a result of the conducted research,
a method for measuring the effective dielectric permi-
ttivity of a PFW with the help of a mismatched
T-bridge with increased accuracy of measurement of
€ is proposed.

An expression ¢ for the effective dielectric permi-
ttivity of a partially filled waveguide is obtained. The
curves of the dependence of effective dielectric permi-
ttivity on the slowness factor /g (m) for a waveguide
with two dielectric plates with a different value of filling
factor t, for fixed electric sizes of the cross section
of a rectangular waveguide a/\ for the condition of
propagation of the wave of the main type (Hyg) are
given.

The graphs obtained by the expressions derived for
the measuring unit on the basis of the panoramic indi-
cator of the standing wave ratio give an opportunity
to analyze the effect of waveguide filling, taking into
account their effective dielectric permittivity, on the
change of their cross-section sizes and the type of waves
in a waveguide. The relative error of measurement for
effective dielectric permittivity ¢ < 2 did not exceed
+2% in the frequency range (26 - 37.5) GHz according
to the results of experimental measurements.

Thus, a more precise method of measuring the
effective dielectric permittivity of a PFW in the
frequency range based on the application of a mi-
smatched T-bridge has been developed.

An electron-computer was used to increase the effi-
ciency of measuring the effective dielectric permittivity
of a PFW.

The calculated and experimental curves of the
dependences of the effective dielectric permittivity on
the location of the plates in the waveguide ¢ (¢, /a ) are
given. The relative error for the dielectric permittivity
e < 15 does not exceed +0,7% in the frequency range
(26 - 37.5) GHz.

The advantage of the proposed measurement
method is the use of a personal computer that controls
the oscillation frequency generator, performs calculati-
ons and displays their results on the monitor. This
increases the flexibility of the use of the device
to measure VSWR of a PFW with acomputer and
decreases the risk of its obsolete depreciation.

The software of such a device allows receiving
dependencies of measurement parameters on frequency
or power, filtering them, carrying out statistical
processing with different software-installed parameters,
identifying characteristic points on the graphs (for
example, search of the minima and maxima required in
this case) and calculating other derivative parameters
[13-16].

The results of measurements can be automatically
generated in the form of a report, for example, in MS
Excel format. Moreover, in some of these devices, the
software interface is open and documented.

The scientific novelty of the proposed method for
measuring the effective dielectric permittivity of a
PFW with the help of a mismatched T-bridge is the
ability to provide broadbandness, increase the accuracy
of measurements, universality through the use of a
panoramic indicator of the PFW and a computer. One
more distinguishing feature of this method is the abi-
lity to measure effective dielectric permittivity of such
a PFW, where other measurement methods are not
suitable.

The results obtained should be used during the
design of new antenna systems, which include a PFW,
as well as in the learning process in order to create
new or improve existing environment for laboratory
and practical training using the above method of
measurement.
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Meton BumipoBanHda e(PEKTUBHOI Jiejie-
KTPUYIHOI MPOHUKHOCTI YaCTKOBO 3amOB-
HEHUX XBUJIEBO/IB 3a JOMOMOTOI0 He-
y3romazkeHoro T-mocty

Kapawyx H. M., Manotnos B. II., Cudopuyx O. JI.,
Tapacenxo C. M., Yyzoe B. B.

Beryn. VYV rexHini HaIBUCOKAX 9aCTOT MIUPOKO 3aCTO-
COBYIOThCSI XBUJIEBOMIH, 1[0 YACTKOBO 3ATIOBHEHI TieJIEKTPU-
YHUM MaTepiaJioM — YACTKOBO-3aIIOBHEHI XBUJIEBOIU. Bonu
MalOTh IepeBard MOPIBHAHO 13 IOPOXKHUCTUMHU XBUJIEBO-
JaMu, 30KpeMa MOXKJIMBOCTI IIOJO0 3MEHIIEHHS PO3MipiB
TIOMTEPEYHOTO TepeTuHy, 301/IbIMEHHs] TMOTYKHOCTI BHIIPO-
MIHIOBaHHsSI Ta IOJABJIEHHs HEDAXKAHUX THIIB XBHIb. Y
3B’$13Ky 3 BHUILYCKOM HOBHX DI3HOMAHITHUX i€JIEKTPUTHUX
MarTepiajiB, MPU3HAYEHUX [jId BUKOPUCTAHHS B TIPUCTPO-
dX [1ana30Hy HAJABACOKHX YaCTOT 3 MAJIMMUA BTPATAMHU,
Mag Micrie HeoOXiJHICTh TIOCTIHO PO3BUBATHA METOIN PO3Pa-
XYHKY Ta METO/Ii BUMIDIOBAHHS XapPAaKTEPUCTUK YACTKOBO-
3aI0BHEHUX XBUJIEBO/IIB.

ITocranoBka mpobsemu. Teopisi XBUIEBOAIB, 3aI0B-
HEHUX IIOBHICTIO 1 XBHUJIEBOIIB 3 iEJIEKTPUYHUM 3aIT0B-
HEHHSM B3/I0BXK BY3bKHX CTIHOK, PO3PO0JIEHA IOCTATHBO
noBHO. IIpore Ii 3acTOoCyBaHHA IO pPI3HHUX XBHUJIEBOTHUX
TPUCTPOIB OTPEOy€E PO3B’I3KY TPAHCIIEH/IEHTHUX PIBHIHbD,
0 MOXKJIMBO Jiuile 9YucejabHuMH Meromamu. lle yckia-
JHIOE OTpUMaHHs iH(MOpMaIii Tpo Oyab-AKYy XapaKTepu-
cTUKY TpuCTpoio. TakoK BIIMBAE BeIWKa KiAbKICTH (da-
KTOPIB, BiJ| AKUX 3ajeXKaTh XapPaKTEPUCTUKUA HaCTKOBO-
3aTIOBHEHWX XBUJIEBOMIB (CTYIHD 3aTIOBHEHHS, MOJIOYKEHHS
TMJIACTUHU Y XBUJIEBOl, BEJMYWHA Ji€IeKTPUIHOI TTPOHU-
xnocti Tomo). Po3’a30k enexrpommnamivHOl 3amaqi s
YACTKOBO-3aMIOBHEHUX XBUJIEBOIB 3BOJIUTHCS O TIOMIYKY
cTaJIol MONIMPEHHsT B XBUJIEBOl. TOYHMI PO3B’A30K PiB-
HAHHA [€IbMro/IbIia €JIeKTPOMArHITHOIO IOJIA IS TAKHX
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XBUJIEBO/IIB MOYKJINBUI JINIIE€ B OKPEMUX BUIIQIKAX, HAIPU-
KJIaJ], B TIapyBaTUX XBUJIEBOZAX, KON MeXKa PO3ITOILITY
MiIKOPSIETBCS KYCKOBO-HEIIEPEPBHUM 3aKOHOM PO3IIOILITY
nporukaOoCcTed. Kitacu4ui MeTonyu BU3HAYEHHS CTAIUX IT0-
IMIUPEHHST B YAaCTKOBO-3AITOBHEHUX XBUJIEBOJAX 3BOISITHCS
0 PO3B’A3KY JUCIEPCIHHOrO pIBHSHHS, OTPUMAHOrO abo
METO/IOM MPHUPIBHIOBAHHS TAHTEHIIWHUX CKJIQJIOBUX eJjle-
KTPUYHOTO Ta MArHiTHOTO TIOJIB HA MeYKaX PO3TOILIY KO-
JKHOTO mapy, abo Meromom Teopil kxim. st mocsaimxemHms
YaCTKOBO-3aIIOBHEHNX XBHUJIEBO/IB 3 Pi3HOIO BHCOTOIO 3pa3-
Ka, Cepes iHIMMX, MPOMOHYETHCS MiAXiZ, SKUil 6a3y€eThCs
Ha MMOJAHHI BIIHOCHOI JieJIEKTPUYIHOI IIPOHUKHOCTI Cepeo-
BUINA y BUIJAAl ABOX MIUCHUX (DYHKIM, KOXKHA 3 SKUX
3aJIeKUThH Y IONIEPEIHOMY IIePEeTHHI Bi/T OMHiI€] KOODIUHATH.
Ile mabsmkeHa MeTONWKA BU3HAYEHHS BJIACHUX CKAJISAD-
HUX 1 BEKTOPHUX (YHKIH YaCTKOBO-3AIIOBHEHNX XBUJIE-
BomiB. OTike, PO3B’SA30K E€IEKTPOAMHAMIUHOI 3a7adi IJIst
YaCTKOBO-3AII0BHEHUX XBUJIEBO/IB 3BOAUTHCS [0 IOIIYKY
CTaJIOl MMONIMPEHHsT B XBUJIEBO/II TOYHUMU ab0 HAOIMKEHU-
MU MeTOZaMU. ¥ CTATTI PO3TVIAIAETHCI METOMI, TKUH I0-
3BOJIsI€, BUMIDABIINA 3HAYEHHS €(DEKTUBHOI Ii€IEKTPUIHOL
IIPOHUKHOCTI, PO3PAaXyBaTH CTAJIy ITOMIMPEHHS 32 OyIb- KOl
YaCTOTH.

Pesynpraru. 3a pesyibraraMu IIPOBEIEHOIO AHAJI3Y
MMOKA3aHO, W0 BiZOMI MeTOM BUMIDIOBAHHS e(eKTHBHOI
JieIeKTPIIHOI IPOHUKHOCTL (32 JI0TIOMOTOI0 BHMIiPIOBAJIb-
HOI JiiHil, TAHOPAMHOIO BUMipIOBa4a, MOCTOBOIO BUMIipIO-
Bava) MalOTh HEJOJIKW WOAO 3aJIeKHOCTI Biy Momudika-
mii YaCTKOBO-3AIIOBHEHWX XBUJIEBOIB, BY3bKOCMYTOBOCTI,
3HAYHOI BIJIHOCHOI IOXWMOKW BUMIPIOBaHHS 3a 301/IblIeHHS
edeKTUBHOI JieeKTPUIHOI IMIPOHUKHOCTI. 30KpeMa, Hemo-
JIIKOM MOCTOBUX BUMIDIOBAYiB € AyKe BY3bKUU 9aCTOTHUMA
Jlama3oH, B AKOMY MICT 3aJ/IMIIAETHCHA y3romzkeruMm. LIpa-
KTUYHO HEOOXiZHO y3ro[KyBaTH MIiCT HA KOXKHIN 9acTOTi,
JOCATAIOYN BiICYTHOCTI curHaLy B wredi E 3a omHakoBux
HABAHTAXKEHb, 10 MigKJ09eHl 10 6okoBux 1wiedeit. s
IHOTO MOCTH MAIOTh HAJAIITYBAJIbHI €IEMEHTH y BUIVISIL
mrupis, giadparm Ta iH. 3apPOMOHOBAHO METOJ[ BUMIPIO-
BaHHsA e(EeKTUBHOI JieJIEKTPUYHOI IIPOHUKHOCTI YaCTKOBO
3aI0OBHEHUX XBUJIEBOIB 33 IOIIOMOIOI0 HEY3TOIXKeHOro T-
MOCTY, sIKU BKa3aHUX HEOJIKIB HE MaE.

Bucunosku. HaykoBa HOBHM3HA 3aIIpOIOHOBAHOIO Me-
TOy BUMIPIOBaHHS €(dEKTUBHOI [ieJIleKTPUIHOI TPOHUKHO-
CTi YaCTKOBO-3aTIOBHEHUX XBUJIEBOZIB 3a JOTOMOrOI0 He-
y3romxenoro T-mocTy mossrae y MOXKJIHMBOCTI 3abe3rre-
YeHHsI IMUPOKOCMYTOBOCTI, IMiABUMIEHHI TOYHOCTI BUMIPIO-
BaHb, YHIBEPCAJBHOCTI 33 PAXYHOK 3aCTOCYBAHHS IIAHO-
paMHOro BmMipioBada Koedirienra crosdol XBmii 3a Ha-
[IpYroo Ta eJIeKTPOHHO-004uC/IoBaabHol Mammau. Oco-
OGIMBICTIO TAKOXK € MOXKJIMBICTh BUMIDIOBAHHS €(eKTHBHOT
JieJIeKTpUYIHOI IPOHUKHOCTI y BHUIIAJKAX TAKOTO YaCTKOBO-
3aI0BHEHOTO XBUJIEBOIY, € IHINI MeTOIM BUMIPIOBAHbH HE
miaxonsaTh. OTpuMaHi pe3ysbTaTH JOIIIBHO 3aCTOCOBYBA-
TH 7 9aC HPOEKTYBAHHS HOBUX AHTEHHUX CHCTEM, 10
CKJIQ/ly SKAX BXOAATH YACTKOBO-3AIIOBHEHI XBUJIEBOIY, a
TaKOX y HABYAJIHLHOMY IIPOIIECI [IJIsT CTBOPDEHHST HOBUX abo
VAOCKOHAJIEHHS iICHYIOYNX pOO0YUNX MICITh /It TPOBE/ICHHS
J1abOpAaTOPHUX TA HIPAKTUYHUX 33aHATH 3 BHUKOPHCTAHHSIM
HaBEIEHOTO METOY BUMipDIOBAHHS.

Kmowoei caosa: edeKTUBHA JIIeIeKTPUYHA IIPOHHU-
KHICTB; JACTKOBE [IieJIEKTPUYHE 3aMIOBHEHHS; METOJ BUMi-
pioBaHHS edeKTUBHOI JieJIeKTPUIHOT IPOHUKHOCTI; JaCTKO-

BO 3aIIOBHEHUN XBUJIEBiL

Meton n3amepennd 3¢ppeKTUBHOI au3jI€e-
KTPUYECKOl TPOHUIAEMOCTU YACTUIHO
3aIl0JIHEHHBIX BOJHOBOJIOB C TOMOIIBIO
HecorsiacoBaHHoro T-mocTa

Kapawyx H. H., Manotinoe B. @., Cudopuyx O. JI.,
Tapacenxo C. M., Yyzos B. B.

B Texnmke CBEPXBBICOKHX YACTOT HIUPOKO HUCIOJIH3Y-
FOTCH BOJIHOBO/IbI, KOTODbIE€ YAaCTUYHO 3allOJIHEHbI JudJIie-
KTPUYECKUM MaTepHaIOM — YaCTHUYIHO-3aII0/IHEHHBIEe BOJI-
HOoBO/b. OHU MMEIOT TPEUMyIEecTBa M0 CPABHEHUIO C II0-
JIBIMM BOJIHOBOJIAMH, COCTOHINME B BO3MOXKHOCTU YMEHb-
IeHUsd pa3MepOB HUX MONEPeYHOr0 CeYeHUsd, yBeIudeHus
MOIIHOCTY M3JIyUeHUs M IO0JIABJICHUS HeXKeJaTeTbHbIX THU-
OB 3JIEKTPOMArHUTHBIX BOJIH. B CBA3U C BBIILYCKOM HOBBIX
Pa3HOOOPA3HBIX IWIIEKTPUTIECKUX MATEPUAJIOB, IIpEeIHa-
3HAYEHHBIX /I WUCIOJIB30BAHUS B YCTPOMCTBAX JIUAIA30-
HA CBEPXBBICOKMX 4YacTOT C MaJIbIMU IIOT€PAMU, BO3Pa-
cTaeT HEOOXOAMMOCTH PA3BUBATH METOILI pacdera W Me-
TOJIBI U3MEPEHUsS XaPAKTEPUCTUK YACTHUIHO-3AIIOJTHEHHBIX
BOJIHOBOZOB. Pemenue 3/1eKTpOSUHAMUYIECKON 3a4a4u 11T
YaCTUIHO-3AII0THeHHBIX BOJIHOBOAOB CBOOUTCA K IIOUCKY
TIOCTOIHHON PACIPOCTPAHEHUS JJIEKTPOMATHUTHON BOJIHBI
B BOJIHOBO/ZI€ TOYHBIMU WJIM IPUO/IMKEHHBIMU METOSAMU.
B crarpe paccMOTpeH MeTOZ, TO3BOJAIONINNA H3MEDPUTH
3aaveHre 3(hOEKTUBHON AUITEKTPUYIECKON ITPOHUIIAEMO-
CTM ¥ PACCYUTATh IIOCTOAHHYIO PACLPOCTPAHEHUud BOJI-
HBI Ha J11000# wdactore. IlokazaHo, ITO M3BECTHBIE METO-
bl m3MepeHnsi (C MOMOINBIO M3MEPHUTENbHOW JIMHWM, Ia-
HOPAMHOI'0 MU3MepUTesist, MOCTOBOI'O I/ISMepI/ITeIIS{) UMEIT
HEIOCTATKN B 3aBUCHMOCTH OT MOIN(DUKAINANA TACTUIHO-
3aII0JIHEHHBIX BOJIHOBO/OB, Y3KOIIO/IOCHOCTH, 3HAUUTEIHbHOM
OTHOCHUTEJIbHON MTOTPENTHOCTH n3MepeHus. IIpemmoskeHHbIit
MeTro m3MepeHus ) GeKTUBHON AUITEKTPUTIECKON IIPOHU-
I[AeMOCTH YaCTUYHO-3AII0/THEHHBIX BOJIHOBOJOB OCHOBAH Ha
TIPUMEHEHUN HEeCOTJIACOBAHHOTO T-MOCTa, 9TO obecrednBa-
€T BBICOKYIO TOYHOCTb M IIUPOKOIOJIOCHOCTb HM3MepeHHd.
st yBenmueHusi OBICTPONEHCTBUS M3MEPEHUsl IIPUMeEHe-
Ha 3JIEKTPOHHO-BBIYNCINTEIbHAST MammuHa. C ee MoMOIIbIO,
6/1aromapsl pas3yIMdHBIM IIPOrDAMMHO-YCTAHOBIEHHBIM KOM-
TIOHEHTaM, OCYIIECTB/IAETCS CTATUCTUIECKas 00paboTka pe-
3yJIbTATOB, OIPEENdIOTCAS XapaKTepHble TOYKM Ha Tpa-
dukKax MaM pacCUNTHIBAIOTCS ApPYTHe IIPOM3BOJAHBIE ITapa-
meTphl. IIpemToxkennpiii MeTO MOYXKHO WCITOIB30BATDH LIS
pa3paboOTK¥ M M3rOTOBJIEHUSI HOBBIX QHTEHHBIX CHCTEM, B
COCTaB KOTOPBIX BXOJAT YACTUIHO-3aII0/THEHbIE BOJTHOBOIBI,
a Takke B y4eOHOM IIPOIECCe NI MOATOTOBKU CIIEIAJIV-
CTOB COOTBETCTBYIOIIEH OTPACIN.

Kamoueswie sddexkTuBHAT AUIIEKTPUICCKAL
NPOHUIAEMOCTh; YACTUTHOE INIIEKTPUIECKOE 3AITOTHEHNE,;
MeTo u3MepeHus 3D GHEKTUBHON JIUITEKTPUIECKON IIPOHMU-
LAeMOCTH; YACTUYHO 3AII0JIHEHHBLI BOJIHOBOZ,
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