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AHoTauisi. PO3MISIHYTO pe3ynbTaTd MaTeMaTHYHOTO MOJEIIOBAaHHS CKIAJOBUX IMIEAAHCY OaraToeneMeHTHOTo
JIBOTIOJIIOCHUKA, SIKMM IIOJAI0THCSI TKAHWHU OPTaHi3My JIIOIUHU. Pe3ynbraTty aHami3yBaHHS BiJOMHX CHOCOOIB Ta IXHBOT peamizariii
3a eNEeKTPUYHUMHU MOJCIISIMU 1 JOCTI/DKeHb Pi3Hi. 3yMOBJIEHO 1€ THM, IO IJIs OCIHi/UKEHh BUKOPHCTOBYIOThH Di3HI €NEKTPpHUYHI
MOJei, Pi3Hi THIIM CEHCOPIB, Pi3HI YaCTOTHI Jiana3oHH, CXEMH M’ €JHAHHSI CEHCOpa 10 BUMipIOBAILHOTO 3ac00Y TOIIO.

Y po6oTi ZOCTIIKEHO 3aIeKHOCTI aKTUBHHUX TA PEAKTUBHUX CKIIAIOBHX IMIIEJAHCY TPUEIEMEHTHOI €JEKTPHYHOT CXEeMHU
3aMileHHs 610JI0TiYHOT0 00’ €KTa B/l 3MiHM apaMeTPiB IPHEIEKTPOAHOTO IMIIEAAHCY.

BcranosneHo, 1m0 3Ha4eHHs aKTHBHOI Ta PEaKTHBHOI CKJIQJIOBHX IMIEOAHCY Maike He BiIPI3HIIOTHCS 3a CTalNX 3HAYCHBb
OIIOPIB Ta Pi3HUX 3HAYEHb EMHOCTI CXEMHU 00’ €KTa JOCHIIKEHHS, a TAKOXX apaMeTpiB IPHENIEKTPOAHOT0 iMrenaHcy. B pasi 3minn
OTOpPIB 3HAYCHHS aKTUBHOI Ta PEaKTUBHOI CKIAJOBHX Maibke HE 3aJeKaTh BiJl YaCTOTH y YacTOTHOMY iiamasoHi Bim 10 xI'm.
®DopMu KpUBUX TPU IIHOMY TaKOXX HEICTOTHO 3MIHIOIOThCS. AHAJI3 OTPUMaHUX IpaidHUX 3aIeKHOCTEH PEaKTUBHOI CKIaIOBOL
BiJl BIUTMBY MapaMmeTpiB MPHENEKTPOJHOTO IMIENAHCY ITOKa3aB, IO KpHWBI HaOyBalOTh EKCTPEMAlIbHHX 3HAa4YeHb. PeakTWBHA
CKIIaJioBa HaOyBae eKCTPEeMaJbHOTO 3HAYCHHS Y Aiana3oHi HU3bKHX yacToT (mo 1 kI'm), a yactora, Ha sIKiil CKiamoBa HaOyBae
EKCTPEeMabHOTO 3HAYCHHS, 3aIC)KUTh BiJl TApaMeTpiB MpHeNeKTpoaHoro immenancy. J{o wactotu 1 k['11 pe3ynbTaT BUMIpIOBaHHS
0e3rmocepeJHbO 3aNICKUTh BiJl BUOPAHOTO THUITYy €JIeKTpoxiB. Lle MokKHA BHKOPHCTATH 1A iNeHTHU}iKamii TKaHHH O10JOTiYHHX
00’€KTIB 3 ypaxyBaHHSM IUIOIII CTPYMOBHX EJIEKTPOAIB, iX (OpPMH Ta KOHTAKTHOTO OIOPY, OCKIUIBKM IIMM BH3HAYAETHCS
MPUETEKTPOIHUH IMIIeJaHC.

Kuio4oBi ciioBa: peakTHBHA CKIIA/I0BA; IMIEAAHC; aIMITAHC; €KBIBAJICHTHE EICKTPUYHE KOJIO.

Abstract. The dependence of the active and reactive impedance components of a three-element electrical circuit of substitution of
a biological object on the change of the parameters of the electrode impedance is investigated.

The results of mathematical modeling of the impedance components of a multielement two-pole representing the tissues
of the human body are considered. Analyzing the known methods and their implementation by electrical models showed different
research results. This is due to the fact that the research uses different electrical models, different types of sensors, different
frequent ranges, circuits for connecting the sensor to the measuring instrument, etc. The measurement result can be used to identify
the tissue of biological objects (taking into account the area of current electrodes, its shape and contact resistance, since these
factors determine the electrode impedance).

Key words: Reactive constituent; Impedance; Admittance; Equivalent electrical circuit.
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Introduction

One of the methods that provide promptness and
objectivity of morphological and physiological parame-
ters of the organism estimation in a wide range, rapid
diagnostics of the functioning of the human body and
detection pathologies is impedancemetry [1, 2]. A great
deal of research is aimed at determining the biological
viability of tissues by measuring the electrical parame-
ters of their impedance at different frequencies [3, 4, 5].

According to the characteristics of the object
under study, there are different ways to implement the
impedance method. However, the level of informative
nature of such measurements depends on the chosen
parameters of the impedance of the biological object, on
the accepted frequency range of studies [6], the sensors
electrodes connection [7] and their constructive
execution, on the level and shape of the test signal [8, 9].
Due to the use of different informative parameters in the
frequency range, the measured results are different. It is
also important to note that the heterogeneity of the
research object places appropriate requirements for
measuring instruments.

This applies to both the varieties of the primary
transducers and the electrical equivalent substitution
circuits of the human body tissues, as well as ensuring
the invariance of the measurement results to various non-
informative  parameters, including non-informative
electrode impedance. That’s why the analysis of
mathematical models of electrical equivalent circuits of
the human body tissues is relevant.

Disadvantages

Analyzing the known methods and their
implementation by electrical models showed different
research results. This is due to the fact that the research
uses different electrical models, different types of
sensors, different frequency ranges, circuits for connec-
ting the sensor to the measuring instrument, etc.

Purpose

The purpose of this work is to study mathematical
models of equivalent electrical circuits of the human
body tissues.

1. Implementation of impedance
spectro-scopy method

1.1. Mathematical model of
electrical circuits for biological objects

equivalent

Equivalent electrical circuits, which are described
in the literature [10, 11], are mainly used for biological
tissue modeling. In circuits, impedance R1 and
capacitance C characterize the upper tissue layers,
resistance R2 characterizes the inner layers of tissue
(muscles, vessels, etc.), and in bioimpedance analysis, it
characterizes the internal fluid of biological tissue [12].

The result of measuring impedance parameters
depends on various factors, one of which is non-
informative electrode impedance [7] when using a two-
electrode electrical circuit. Biological objects equivalent
electrical circuit is shown in Fig. 1. It taking into account
the pre-electrode impedance given by the parallel

connection of resistance Rp , capacitance Cp and

parallel-impedance circuit with the elements R1, R2, C..
The impedance of such equivalent electrical
circuit (Fig. 1) is described by the expression

21-2=7pl+Zp2+Zx=

2Rp R

=1+joCpRp t1+jwCR1 TR2 @

where Zpland Zp2 are the pre-electrode impedance

formed by two electrodes, and Zx is
object impedance.
According to expression (1), the value of the

the biological

active component Re(Z1-2 ) of the impedance is calcu-
lated by the formula (2), and the value of the reactive

component Im(Z1'~2 ) is calculated by the formula (3)

2R R
Re(Z1-2) = P + - +R2 (2)
1+(aCoRp)? 2+ (wCR1 )?
2 2
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Figure 1. Examples of biological objects equivalent electrical circuit
with an electrode impedance element
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1.2. Biological object tissues impedance
components of equivalent electrical circuits modeling
by the method of Impedance Spectroscopy

The study was carried out on the example of the
equivalent circuit of the human body tissues (1) in the
frequency range. Previous studies of the human body
tissue impedance components show that the shape of the
dependence curve is the same for the same measured
objects, however, the value of the impedance parameters
changes according to the object of study [13]. It is
advisable to study these components for different
impedance parameter valuesC , R1 , R2 of the object in
the same frequency range. These parameter values are
changed according to the applied electrodes place.

The results of modeling the impedance
components in the frequency range for constant values of

resistances are obtained R1=25 kQ, R2=56 kQ,

Rp= 50kQ, Cp= 26nF, and capacitance values:
C =33nF, C =100nF, C  =1000 nF (Fig. 2).
The results of the active and reactive components

study with changing resistances  R1, R2 values are
presented in Fig. 3 with the following designations:

Re(Z)1,Im(Z)1 — results for resistances found by
experimental studies; Re(Z)2, Im(Z)2 — changes of
resistance R1 of 10 kOhm; Re(Z )3, Im(Z )3 to change
the resistance R2  of 800 Ohms; Re(Z)4,Im(Z)4 to

simultaneously change the resistance R1 of 10 Ohms and

the resistance R2 of 800 Ohms.
Since the measurement result is influenced by the
pre-electrode impedance, it is advisable to analyze the

Re(Z). Ohm )
169090

s:c:;-
nc:o-
4::—:9-:
za::o-.

0 -

mathematical models (2), (3) over a wide frequency
range for variables and for values that depend mainly on
the parameters of the sensor.

To simulate the effect of the electrode impedance
on the measurement result, the following parameter
values were selected, which can vary from the selected
electrode type (electrode material, area):

—Rp=50 kOhm,
Cp =55 nF; Ry = 70 kOhm, C, =75 nF (fig. 4, a);

Cp=25nF; Rp,= 60 kOhm,

— Rp =148 kOhm — const, C, =10 nF, Cp = 25 nF,
Cp =50 nF, C, =75 nF, Cp = 100nF (fig. 4, b);

-Cp= 26 nF — const, Rp= 20 kOhm,

Rp= 40 kOhm, R,= 60 kOhm, R, =80 kOhm,

Rp = 100 kOhm (fig. 4, c).
The results of the electrode impedance influence

modeling with the given set of values are shown in Fig.
4,

1.3. Analysis of experimental results

From Fig. 2, we see that the values of the active
and reactive impedance components are almost
indistinguishable from each other at constant resistance
values R1, R2 and different capacitance values C of the
study object, as well as the parameters of the electrode
impedance Rp , Cp .

From the graph presented in Fig. 3, it can be
concluded that the value of the measurement result also
varies slightly. The shapes of the curves also do not
change significantly.

—=—Re(Z),
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—v—Im(Z),
—<—Re(Z);
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Figure 2. Modeling of impedance components
at different capacitance values
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Figure 3. Modeling of impedance components
for different values of resistances
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Analysis of the obtained graphical dependences in
Fig. 4 showed that the extremum of the curve describing
the dependence of the impedance reactive component in
the frequency range shifts significantly to the low-
frequency range with the increasing influence of the
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Figure 4. Modeling of impedance
components for different values
of pre-electrode impedance
parameters

electrode effects. Similarly, with increasing electrode
resistance, the extremum of the curve for the reactive
impedance component shifts to the low-frequency range
(Fig. 4, c). This dependence is observed in the frequency
range of up to 1 kHz.
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Conclusions

1. Analysis of graphical dependencies of mathe-
matical models modeling for active and reactive
impedance components showed that the reactive
component takes an extreme value in the low-frequency
range (up to 1 kHz), with the frequency-dependent on the
parameters of the electrode impedance.

2. Up to a frequency of 1 kHz, the measurement
result depends directly on the type of electrode. This can
be used to the biological objects tissue identification,
taking into account the area of the current electrodes, its
shape, and contact resistance, since this determines the
electrode impedance.

3. When changing resistances, the values of the active
and reactive components are almost independent of
frequency in the frequency range from 10 kHz.
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