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ABSTRACT — The purpose of the work was to study the
possibilities of near-field microwave dielectrometry. It is
established that the developed device, using the principle of
near-field resonant microwave sensing, allows performing
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regard, the purpose of the work was to study the pos-
sibilities of near-field microwave dielectrometry.

MATERIAL AND METHODS

Our measuring system for studying the dielec-
tric properties of blood is a high-quality microwave
resonator made on a segment of a coaxial line with a
fluoroplast filling. At one end of the resonator there is
a magnetic frame, the other is connected to the load,
which includes a probing near-field antenna. The
experimental setup scheme is shown in Fig. 1.
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Opver the past 30 years, a certain amount of data
has been accumulated describing the diclectric proper-
ties of blood. It is shown that the dielectric properties
of biopolymers can be used for evaluating the func-
tioning of biological objects (2, 4, 7], for screening
diagnostics of neoplasms [3], diabetes mellicus [4] etc.

Several studies have measured the dielectric
properties of erythrocytes and plasma in the range
10 kHz—250 MHz, temperature dependence of
electrodynamic parameters of blood is installed in the
range of 1 Hz+40 GHz [1, 6, 7]. In addition, meas-
urements of the dielectric characteristics of blood in
awide frequency range revealed numerous physical
properties of macromolecules and their fragments
[1,5,7]. On the other hand, the question of an
unambiguous interpretation of these measurements
and their relationship to the mechanisms of intracel-
lular interaction remains open and questionable [6, 7].
According to modern concepts, many metabolic and
functional changes in cells that accompany various
pathological processes are determined by structural
disorders of intra- and extracellular water [1, 5]. At
the same time, laboratory and diagnostic prospects of
equipment for assessing the dielectric characteristics
of biological fluids have not been disclosed. In this
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Fig. 1. Device for near-field microwave dielectrometry of liquids (principal
scheme)

Due to the small transverse dimensions of the
sensor, a relatively small volume of blood (50-100 1)
was used. The distance from the end of the sensor to
the bottom and to the side walls of the cell was fixed
(about 3 mm), which is obviously more than the
distance between the internal and external conduc-
tors. In this regard, the inaccuracy of standing of the
sensor in the cuvette led to insignificant errors (no
more than 1-2%) in measuring the permittivity. The
electrodynamic parameters of the biological fluid were
restored in the near-field antenna region by shifting the
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resonant frequency and decreasing the signal ampli-
tude during resonance. Alcohol with a known complex
permittivity was used as the calibration control. Tem-
perature control was performed using a pyrometer.

The developed complex was tested on whole
blood samples of 35 adults (age — 2045 years) and
25 children (age — 10-14 years) who did not have
acute or chronic pathology at the time of the study.
The material was obtained with the informed consent
of the patients or their legal representatives.

The results were processed using the Statistica 6.0
program.

RESULTS

Our research allowed us to demonstrate the pos-
sibility of evaluating the dielectric characteristics of
biological fluid on the example of blood, as well as to
form standards for the dielectric properties (permittiv-
ity and conductivity) of whole blood in children and
adules (Fig. 2).
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Fig. 2. The level of dielectric permittivity of the blood in children and
adults, * — the statistical significance of differences p<0.05)

It was found that the dielectric permittivity
of biofluid in humans is determined in the range of
40-75 units, and in healthy adults the parameter is
detected at higher values (p<0.05).

CONCLUSION

It was shown that the developed device, using
the principle of near-field resonant microwave sens-
ing, allows conducting dielectrometry of biological
fluid (on the example of blood). With the use of this
technology, we developed approximate standards of
the dielectric constant of whole blood. The presence of
age-related features of the parameter level was revealed
in this study.
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