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3a 00nomoz010 Memooie mamemamunozo0 MO0eTI0BAHHA MaA eKcne-
PUMEHMAILHO NPOBEOEHO O0CIIONCEHHS PIZHUX MUNIB MIKPOXGUNLOBGUX
PE30HAMOPHUX GUMIPIOBATILHUX NEPEMEOPIosatie 3 Mikpo3oH0oeumu
CEHCOPHUMU eTleMeHmamu Koaxcianvbiozo muny. Heooxionicmos npose-
Oenns maxux 00caioxcens noe'a3ana 3 ix WUPOKUM 3acmocye6anHAM Ons
JIOKANbHO20 HEPYUHIEH020 KOHMPOIO i 0iazHOCMUKYU eeKkmpodizurnux
xXapaxmepucmux Mikpo- ma HaHopoIMipHux o6'cxmie i cmpyxmyp.

Ilpu ananisi pesonamoprux 6uUMIprOBATILHUX NePemeoprosaié 3
MIKPO30HOOBUMU eJleMenmamu 3a OCHOSHUL Kpumepili obpano docse-
HeHHA MAKCUMAbHOT 000pOmMHOC, AKA BUSHAMAE YYMAUBICIb GUMIPIO-
eanv. Jlocnioxceno cmpykmypu eumiproGanibHUX Nepemeoprosauie Ha
O0CHOB1 KOAKCIiabH020 PEe30HAmMopPa, 2e0Memputi Po3Mipu K020 niae-
HO 3MIHIOIOMBCA, PE3OHAMOPI6 HA OCHOGI 8IOPI3Ki6 peynapHux xXeuJe-
60018, uuninopunnozo pesonamopa. Taxosc npoeedeno odocuidrcenmns
MIKPOXBUNLOBUX BUMIPIOGATILHUX NEPEMEOPIOBAUi6 HA OCHOGI 2ibpuo-
HUx Hepesynapnux o6'emuux i naanapnux cmpyxmyp. Pozensnymo
xapaxmep po3nooiny eaexmpomazHimmozo nois € cmpykmypax nepe-
meoprosaie, amMnIiMmyoHo-1aACMOmHi XapaKxmepucmuxu ma ix 3minu
npu 63aemodii i3 306niwHimu 00'ckmamu. B pesynvmami nposedenux
doctiodcets 6UABTEHO MOJNCAUBOCHI NIOBUUEHHA 00OpOmHOCME 015 Pi3-
HUX MUNI6 MIKPOXGUTIbOBUX PE3OHAMOPHUX BUMIPIOBATILHUX NeEPemeEo-
proéayie 3 Mixposondosumu enemenmamu 00 eéenuqun nopaoxy 10°.
3anpononosano, po3poéneno i 00CAIONCEHO NPAKMUUHI KOHCMPYKUT
BUMIPIOGATILHUX NEPEMBOPIOBAUie, Kl MOXNCYNb GYmu euKopucmani ax
Y CKanyo1oi MiKpOX6UNb080i MIKPOCKONil, Max i 8 IHMUX GUMIPI06ATIb-
Hux cucmemax i komnaexcax. Pozpoé.neno i docniosiceno sumiproganvhuii
nepemeoprosau Ha 0CHOBI KOAKCIANbHOI CmpyKmypu, SKuil Mae pe3oHan-
cu 6 wupoxomy oianaszoni pobouux wacmom. Pospobneno i docnioviceno
MeXHOI02iMHO NPOCHT KOHCMPYKUTT 6UCOK0000POMHUX Pe30OHAMOPHUX
nepemeoprosauié nPoxioH020 Muny CaHmMumMemposozo ma Miimempo-
6020 0ianazonie 006JCUH X6UTb HA 0CHOGL 8IOPI3KI6 peeyNAPHUX Xeule-
600i6. Excnepumenmanvio 008€0€HO MONMCAUBICH CMEOPEHHS GUCO-
K0000pOmMH020 6UMIPIOBAILHO20 NEPEMBOPIOBAtA HA OCHOBL 2iOpudHuUX
HepezYaapHux cmpyxmyp, wo 30Y0rHcyromvCs HA BUWUX MUNAX KOJIU-
eanv. Busigneno cunvHuil 6naué xapakxmepucmux eaeMeHmisé 36's13Ky
Ha napamempu pPe3oHAMOPHUX BUMIPIOBATILHUX NEPEMBOPIO6aUis, KUl
mpeba epaxoeyeamu npu ix npaxmuuromy 3acmocyeanni. Pezyasvmamu
docaidxcenv, axi 6yau nposedeni, 003604A10Mb POIWUPUMU NPAKMUKY
ma 2anysi 3acMocy8ants memooie 10KaNbHOL HePYUHIBHOT MIKPOXEUTILO-
601 diazHoOCMUKU MATIOPOIMIPHUX 00'€KmMie ma cmpyxmyp

Kntouosi caoea: mikpoxeuavoea odiaznocmuxa, pe3oHamopHuil
BUMIPI0GATTLHUL NEPEMBOPIO8AY, MIKPO30HA08A CIMPYKMYpPaA, CKAHYI0UA
MIKPOXBUILOBA MIKPOCKONISA
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1. Introduction

Microwave diagnostics is now commonly used as a meth-
od of non-contact examination and control over parameters
in various materials and media [1-5]. One of the directions
in the development of methods for microwave contact-free
non-destructive diagnostics is the active application of
microprobe structures, which make it possible to execute
local control over the micro areas of examined objects at
high spatial resolution [1, 6]. Such possibilities are increas-
ingly popular due to the necessity to explore the micro- and
nanostructures of modern electronics, bio-objects, as well as
materials and structures, constructed based on nanotech-
nologies.

Resonant measuring transducers (RMT) with aperture
and probe sensing elements enable high-sensitivity control
at high locality of measurements [1, 6, 7]. Information on the
investigated objects in this case is contained in the chang-
es in the quality factor and resonance frequency of RMT,
predetermined by the interaction between electromagnetic
fields, formed by the aperture or probe sensing elements, and
the local areas or structures in tested objects.

For RMT of the aperture type, a conversion coefficient
magnitude is defined mainly by the character and extent
of interaction between a resonator’s fields and an object
through the aperture.

In recent years, given the development of scanning probe
microscopy methods and the requirement to examine param-




eters of various objects at the micro- and nano-dimensional
level, a new direction of diagnostics has emerged, related to
the scanning microwave microscopy (SMM) [1, 6, 8-11].
Underlying SMM is the near-field interaction between mi-
crowave electromagnetic fields, formed by microprobe struc-
tures, and the localized (a degree of localization is defined by
the size and design of a microprobe) surface and near-surface
layers in tested materials [12, 13]. Consequently, a feature
of RMT, employed at SMM, is the presence of microprobe
structures whose geometrical dimensions and shape largely
define the functional and metrological capabilities of SMM
in general.

Such a microprobe structure is typically a small-size
waveguide or coaxial emitter (a micro-antenna), which is
directly included in the resonator or connected to it through
a coupling element. In this case, it is necessary to take into
consideration the character of interaction between a probe
structure and the components of the electromagnetic field
of the resonator. The structure and technology of resonator
fabrication must ensure its maximum quality factor at exci-
tation on the kind of oscillations, suitable for pairing with a
microprobe structure. The higher the quality factor of RMT,
the more accurate the measured changes in the resonance
frequency and the higher sensitivity to the insertion losses.

Maximum values for the natural quality factor are typ-
ically achieved using the volumetric microwave resonators
(~103...10%, depending on the type of oscillations and the
material used).

2. Literature review and problem statement

The measuring transducer’s parameters largely define
measuring capabilities of the system as a whole. At the same
time, the issues related to analysis of the structures and
characteristics of RMT with microprobes have not been
investigated in detail. Paper [4] schematically described
a resonance near-field sensor, failing to provide a detailed
analysis into its characteristics. In work [7], a quarter-wave
coaxial resonator is used as a sensor, at whose open end
a protruding central conductor is employed for near-field
sensing. The structure of such a sensor can be fabricated
quite easily, though the quality factors of coaxial resonators
are typically not very high (a maximum of 10%), while the
application of the broadband properties of coaxials is im-
possible because its size is limited to one quarter of a wave.
The authors of [8] employed as a sensor, similar to many
studies into SMM, a section of a regular coaxial line, whose
open end performs the functions of a probe. Such a structure
could operate under resonance and non-resonance modes. In
this case, the quality factor under a resonance mode will be
low (less than 10%), and the sensitivity of measurements will
significantly (by orders of magnitude) deteriorate under a
non-resonance mode. Paper [12] reports results of numerical
modelling studies into resonant probes for SMM, which are
suggested for the further design. In addition, the authors
considered probes of only one coaxial type. Work [14] ex-
plored a coaxial cone sensor for micro-diagnosing, but it also
lacks complete results from the study into characteristics
of practical structures of such sensors. Paper [15] applied
a resonant probe based on the section of a waveguide with
a coaxial structure introduced to it, whose outer open end
is the near-field probe. The sensor is built on an adjustable
coaxial-waveguide junction. Such a structure can be driven

to a resonance mode using a movable short-circuit piston; its
quality factor, however, will be low due to the strong connec-
tion to external circuits.

So far, studies into microwave local diagnostics have
employed the microwave measuring sensors whose designs
were proposed during early years of the formation of this
direction. It is clear that there are no enough publications
that address the analysis of various types of measuring sen-
sors based on resonant structures with microprobe sensing
elements, or deal with the selection of directions to improve
their performance and extend the scope of their application.

3. The aim and objectives of the study

The aim of this study is to design, investigate, and an-
alyze the characteristics of microwave resonant measuring
transducers with microprobe sensing elements in order
to enable local diagnosing and control over parameters of
small-sized objects.

To accomplish the aim, the following tasks have been set:

— to define the conditions to maximize the quality factor
of RMT;

—to estimate the impact of coupling elements’ parame-
ters on the transfer function and quality factor of RMT;

— to assess the impact of the tested object’s parameters on
the characteristics of RMT.

4. Research and analysis of RMT characteristics

4. 1. Factors influencing the RMT characteristics

RMT is typically composed of a resonator, coupling ele-
ments between the resonator and a measuring circuit, and a
probe structure.

The characteristics of RMT will, accordingly, be defined
in general by the parameters and structure of its elements, as
well as by the methods for their alignment and adjustment.

A working quality factor of RMT is mainly dependent on
the quality factor of the resonator.

The resonator, which is employed as a measuring trans-
ducer at SMM, must include the coupling elements in order
to connect it to the measuring circuit, as well as a device or
an element to couple it to the microprobe structure. Given
this, the losses in a resonator grow while its quality factor
deteriorates:
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where Q, is the loaded quality factor of the resonator;
B,:P"“if is the magnitude of the coupling coefficient;

P s the average power of losses in the respective coupling
elément or the power emitted from the resonator via a respec-
tive coupling element when a signal source is disabled; P, is the
average power of losses in the resonator itself.

A probe structure is typically a section of the coaxial
line, at the one side of which there is a sharpened internal
conductor of the line used as a probe, and at the other side
of which there is a coupling element to the resonator in
the form of a pins or a loop. In some cases, given the smooth
junction, the natural structure of a resonant transducer
is transformed into a probe (for example, in coaxial reso-



nant transducers [1, 6,8, 12, 14]). This device must ensure
effective interaction between a field, generated using the
probe structure, and the tested object, and the receival of
the waves reflected and(or) re-remitted by the object. In this
case, a microprobe structure must be a mutual device with
a fairly large (~1) value for the coefficient of coupling with
the resonator. The magnitude of the coupling coefficient is
usually mechanically regulated by the degree of immersion
of the loop or pin coupling element to the resonator’s volume.
Accordingly, at such values for the coupling coefficient,
the loaded quality factor of RMT will decrease nearly two-
fold in comparison with its own value (1) only at the expense
of a microprobe device.

The basic condition for the operation of the system that
forms a measuring microwave signal is to obtain at the mi-
crowave detector a value for the signal that is sufficient for
the subsequent processing.

An impact of RMT on the signal’s magnitude at a detec-
tor will be determined by the transfer ratio.

A decrease in coupling coefficients at the pass-through
connection leads to an increase in the transient damping of
RMT, while at the reflecting connection the optimal mode of
operation is at =1, when the amplitude of the signal reflect-
ed from the resonator is minimal.

Selecting the values for coupling coefficients that would
be appropriate to enable the operation of a system to form
the measuring microwave signals leads to an additional de-
crease in the value of the loaded quality factor of RMT.

When using the measuring system, wide-range in fre-
quency, and RMT that operates at multiple resonance
frequencies, located over a wide range of frequencies, it is
preferable to employ the coaxial coupling elements with a
measuring system, which have the better range properties.
When applying a single-resonance RMT, it is better to use
the waveguide coupling elements that demonstrate lower
losses, simpler in their structure, and easier to manufacture.

Thus, it is necessary to carry out analysis and undertake
a research into the component structures of RMT, which
include a resonator part, a probe

A feature of the structure of RMT in this case is the use
of a coaxial resonator excited by a wave of the TEM type. A
transition to the probe occurs via a smooth transformation
of the resonator’s coaxial structure into a coaxial probe
structure. The advantage of this RMT is the possibility
of obtaining resonances at different frequencies over a
wide range of working frequencies (at electrical lengths of
the coaxial structure multiple to the odd number of quarters
of wavelengths). For example, at the length of the resona-
tor of ~83 mm, the resonances are observed at frequencies:
~0.904 (L=\/4); ~2.71 (L=32/4); ~4.52 (L=5./4); ~6.325
(L=T/4); ~8132 (L=93/4); ~9.94 (L-111/4); ~11.75
(L=13)/4); ~13.55 (L=154/4); ~15.36 (L=17-1/4) GHz, ctc.

b

Fig. 1. Resonant measuring transducer based on a conical
quarter-wave resonator: a — schematic; b — practical
implementation

The shortcomings of such RMT include low values
for the quality factor of working resonances, as well as
the dependence of characteristics of the coupling elements
on change in the operating frequency.

AFK of the RMT experimental prototype based on a
conical quarter-wave resonator is shown in Fig. 2.
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wave coaxial resonator;
—based on prismatic rectangular
resonators at oscillation types of Hygy;
—based on a cylindrical resona-
tor at oscillation types of Hyy;
—based on irregular structures.

4. 2. Studying the conical quarter-wave coaxial res-
onator

Coaxial structures at length L = n-A/4 and at a large
value of magnitude n can be excited over a large number
of resonance frequencies in a wide frequency range. In this
regard, we investigated RMT based on a coaxial structure

(Fig. 1).

freq;

Fig. 2. AFK of RMT based on a conical quarter-wave coaxial resonator in the frequency

range of 8...5 GHz

4. 3. Studying RMT based on prismatic rectangular
resonators at oscillation types of Hyg,

Table 1 gives theoretical estimation of the quality factor
values for copper prismatic rectangular resonators excited at
oscillation types of Hygy.

One can see that the maximum values for a quality factor
are demonstrated by cubic resonators, while the resonators
based on segments of standard rectangular waveguides also
provide their high values. The advantage of such resonators
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lower than those yielded from theoretical
estimation and model experiments, but they
are significantly higher than those derived
for RMT based on a conical quarter-wave
coaxial resonator.

Table 1
Parameters of volumetric prismatic resonators
Fy, GHz | Oscillation type Dimensions, mm Qo
Hypy a=b=L=21 ~1.61-10*
10 Hioq a=23, b=10, L=20 ~5.41-10°
Hyps a=23,b=10, L=60 | ~6.027-10°
Hypy a=b=L=16.4 ~8.485-10°
36 Hyyy a=7.2,b=3.4, L=5 ~3.605-10°
Hios a=7.2,b=3.4,L=25 | ~4.138-10%

The results of analysis into the influence of electro-phys-
ical parameters of the tested object on f, and Q of RMT are
shown in Fig. 4.

b

a

Fig. 3. Resonant measuring transducer based on segments
of rectangular waveguides: a — field distribution; b — physical
appearance of RMT for the centimeter and millimeter
wavelength ranges

It follows from charts in Fig. 4 that RMT based on
the resonator at a segment of the rectangular waveguide,
given the optimal execution of its elements, makes it pos-
sible to effectively register the values for electrophysical
parameters of the tested objects in a wide range of their
changes.

Fig. 4. Effect of electrophysical parameters of an object on 7, and Q of RMT

4. 4. Studying RMT based on a cylindrical resonator
at oscillation type of Hyqy

Despite the great diversity of resonant elements used in
RMT at SMM, the maximum quality factor value can be
achieved in the cylindrical resonators excited on oscillation
type of Hyq,. The estimated value for a quality factor of such
resonators reaches 104 and larger. Even when such a resona-
tor is connected to coupling elements and a probe structure,
the quality factor magnitude of such RMT should be large
enough.

In this regard, it appears appropriate to run an analysis
of the elements and structure of RMT based on a cylindrical
resonator at oscillation type of Hyy1. The structure and phys-
ical appearance of such RMT are shown in Fig. 5.

Fig. 5. Resonant measuring transducer based on a cylindrical
resonator excited at oscillation type of Hpq1: @ — schematic;
b — practical implementation



The results of calculations performed for cylindrical cop-
per resonators excited at oscillation type of Hgyy, are given
in Table 2.

Table 2
Values for £, and Q (oscillation type Hy11)
Filler Dimensions, mm | f,, GHz Qo
Vacuum (air) d=h=39.55 10.10 ~3-10*
Fluorine plastic d=h=26.5 10.66 ~4-103

Calculation for the resonator filled with a dielectric
was performed in order to elucidate a possibility to reduce
dimensions of RMT while maintaining a high quality factor.
The results obtained show that even in the case of using a
fluorine plastic of tgd~10-3 as a filler the quality factor is
greatly reduced due to losses in the dielectric. The quality
factor of such a resonator becomes comparable to the quality
factors for the resonators based on segments of waveguides,
which are much simpler in terms of their structure and fab-
rication. When applying a dielectric with smaller losses the
quality factor could be improved, however, such dielectrics
are less manufacturable.

A field distribution in the aperture part of a probe struc-
ture also strongly depends on the geometry of the protruding
central conductor. Its sharpening leads to an increase in the
degree of localization of the field in the aperture of the probe
structure of RMT. Changing the magnitude of losses in a
sample leads to a marked change in the RMT quality factor,
while the existence of a gap — to the field localization and
weakened interaction with the sample.

Fig. 6 shows the distribution of fields in the aperture
part of a probe structure of RMT in the presence of a sample
(tg8=0.01; e=12) and the existence and absence of a gap be-
tween a conical probe and the sample.

Fig. 6. Field distribution in the aperture part of a probe
structure of RMT in the presence of a sample (tg6=0.01;
€=12): g — without a gap; b —a gap of 1 ym

In the course of an experimental study into RMT made
from brass, whose structure and physical appearance are
shown in Fig. 5, at a frequency of 9.9955 GHz we obtained
the quality factor of ~9.52-10°.

Thus, our study has shown that RMT based on a cylin-
drical resonator excited at oscillation type of Hoyy, makes it

possible to provide for a high initial quality factor quality of
RMT in general and, consequently, to improve the sensitiv-
ity of measurements.

4. 3. Studying RMT based on irregular structures

It is possible, in a conical coaxial resonator, in addition to
the TEM wave oscillations (Fig. 7, a), to induce other types
of oscillations (Fig. 7, b). The quality factor of the resonator,
obtained in this case, is several times greater than that for
the TEM wave oscillations. Variation in the cone geome-
try, its length and the ratio of the respective diameters of
conductors, can provide the required value for a resonance
frequency.
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Fig. 7. Structures of fields at resonances in conical coaxial
resonators: a — quarter-wave resonance (TEM, L=9)/4,
f,=8.32 GHz, @=1.55-10%); b — oscillations of the higher

type wave (£,=7.85 GHz, @=1.15-10%)

An analysis of the structure of electromagnetic fields
reveals that the type of oscillations shown in Fig. 7, b can
be identified with the lowest type of oscillations Hyy in a
cylindrical resonator [17-19].

By changing the sizes and geometry, it is possible to
manage the excitation of other types of high-quality oscil-
lations. In this case, one can obtain the values for quality
factors and resonance frequencies that are higher than those
for the oscillation type of quasi — Hyy;.

Enabling the operation of the examined resonant irreg-
ular structures at the selected type of oscillations is a fairly
complex electrodynamic and technical challenge, since such
a structure demonstrates a multi-mode character and can
be excited at different types of oscillations in the working
range of frequencies. In this case, both the resonances of
an n-quarter-wave coaxial resonator and resonances at the
higher types of oscillations could be induced.

The number of possible resonances in the examined
structure could be reduced by choosing the structure and
location to connect the coupling elements, intended to excite
the resonance selected (Fig. 8).

We have experimentally validated results from numeri-
cal simulation using an experimental prototype whose phys-
ical appearance is shown in Fig. 9.

RMT with a central coaxial conductor demonstrated
the resonance at a frequency of 9.98 GHz with a quality
factor of ~1.3-10%; RM T without a coaxial conductor demon-
strated the resonance at a frequency of 9.5 GHz with a qual-
ity factor of ~4-103. Coupling between the high-quality type



of oscillations and a probe part is enabled by placing an axial
conductor in the beyond-the-limit section of the cone.

Thus, the irregular coaxial structures, excited at the
highest types of oscillations, can be successfully applied
in order to construct high-quality RMT with quite widely
spaced resonances.

examined RMT. In this case, for all resonant responses there is
a strong dependence of their shape on the samples’ tgd near the
tip, which indicates an opportunity to use this type of transduc-
ers for diagnosing different materials and objects. The highest
sensitivity to a change in the magnitude of losses in the sample
is observed at frequencies of 7.64 GHz and 10.11 GHz.
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Fig. 8. AFK of RMT based on an irregular coaxial structure

Fig. 9. Physical appearance of the experimental prototype of
RMT based on an irregular coaxial structure

The implementation of such structures has become possi-
ble owing to the development of methods for numerical pro-
grammed simulation of electromagnetic processes and devic-
es. Determining specific geometric dimensions of structures
for the assigned frequency value implies sorting out model
variants followed by experimental adjustment.

Another option of RMT implementation for the pur-
posed of local diagnostics is to use planar (strip and mi-
crostrip) structures [20]. Resonance properties are provided
by the half-wave or ring resonances; the localization of an
interaction field — by sharpening the end of a strip structure
(Fig. 10).

Modelling experiment has shown that RMT retain at
half-wave segments of lines their resonant properties despite
the introduction of sharpened elements to their topology. In
this case, the sharpening reveals the elevated field intensity,
especially for the case of an irregular structure (Fig. 10, b).
At the same time, the quality factor for such RMT is low
(only a few dozen).

As regards RMT based on a ring resonator (Fig. 10, d),
we have identified a possibility to obtain higher quality factor
values (Fig. 11). One can see (Fig. 11) that in the frequency
range of 7...11 GHz there are three resonant responses from the
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Fig. 10. Topology and distribution of electric fields in RMT
based on strip structures: a — a line half-wave segment
with sharpening, b — a line half-wave segment in the form
of an irregular structure, ¢ — a line half-wave segment with
sharpening and a tip, d — a ring resonator with a connected
line’s segment with sharpening
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Fig. 11. AFK of reflectivity coefficient for RMT based on a
ring standing wave resonator in the frequency range of
7..11GHz

Variation in the magnitude of permittivity of the sample
within 1...12 shows an increase in the sensitivity of the exam-
ined RMT to the magnitude of losses in the sample with an
increase in €.



RMT based on strip- and microstrip structures could
be used to construct the integrated devices that include
an electronic system both for the formation and the pre-
processing of signals. The design features of their micro-
probe part show the prospect to construct a universal
microprobe that could be used simultaneously for micro-
wave, atomic-force and tunnel microscopy within a single
measuring complex.

5. Discussion of results of studying the microwave
resonant measuring transducers with microprobe
sensing elements

Our study that combined numerical modelling and
practical experimental approaches has made it possible to
run a more reliable analysis into opportunities and pros-
pects for improving various types of RMT with micro-
probes. A comprehensive approach allows us, on the one
hand, to assess the character of change in the information
parameters (resonance frequency and quality factor) of
RMT with microprobes during interaction with the test-
ed objects, and to reveal, on the other hand, the structure
of fields in the region of micro-dimensional near-field
interaction (Fig. 3, a, 6, 7, 10). The task on determining
the structure of fields in the region of a microprobe’s tip
can at present be solved only by methods of numerical
simulation.

The results of research are the basis for the selection
of design for sensors when resolving the challenges related
to constructing high-resolution diagnostics systems for
scientific studies and in order to enable technological pro-
cesses at the micro- and nano-structure level.

A promising avenue to advance the research is to con-
struct RMT based on micro-resonators in the THz range,
as well as devices that would exert intensive micro- and
nano-local electromagnetic influence on objects with a
different character.

6. Conclusions

1. The high quality factor (up to 10°-10%) of RMT in-
tended for local diagnostics is provided when using volumet-
ric resonators at segments of regular transmission lines, exit-
ed at the basic types of waves. The high-performance quality
factor (10% and above) could be also achieved by employing
the hybrid irregular resonance structures.

2. The influence of characteristics of the elements that
connect the system of measurements on the parameters
of all types of RMT could in some cases become critical
and substantially degrade the metrological parameters of
the system in general. It is necessary to optimize the char-
acteristics of coupling elements to enable the joint work
of both RMT and a system for measuring and processing
information signals.

3. All the investigated types of RMT make it possible
to register changes in the electrophysical parameters of
objects subject to diagnosing. The sensitivity of measure-
ments depends on the quality factor and the magnitude of
connection between a microprobe structure with a reso-
nator and a tested object. When examining objects with
large losses, this coupling must be reduced. Given this,
and with respect to the second point of our conclusions,
there is the task to construct such coupling elements that
could be adjusted during measurements.
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