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Summary. Measurement methods and design principles for measuring channel are considered in this
paper. They extend the capacity of improving noise immunity and resolution of bio-signals measurement means.
The analog parts of measuring channels for measurement of different kinds of bio-signals, as well as the sources
of errors for such channels are analyzed. The structure of the analog part of the high-precision universal
measuring channel (invariant to the type of the measured bio-signal) is developed on the basis of this analysis.
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Statement of the problem. Bio-signals measuring and processing is significantly
different from the similar tasks that arise in various fields of science and technology. This is
caused primarily by the of biological processes peculiarity that occurs in living organisms.
Traditionally, bio-signals are used as valuable information carriers in medical diagnostics.
However, interest in bio-signals is extended to other areas that demand new requirements
regarding technical and operational characteristics of biomedical indices selection,
measurement, processing and interpretation.

Analysis of available studies results. Bio-signals are the reflections of psycho-
physiological processes occurring in living organism, hence it is possible to determine
biomedical indices by bio-signals measuring and processing, which are important not only in
the field of medicine, but in such new fields of bioinformatics as biometrics, affective
informatics or neural network interfaces as well [1-4]. At present, bio-signals computing is
widely used, and is connected, on the one hand, with the implementation of a number of typical
transformations, such as bio-signal generation and selection, amplification, silencing, artifacts
influence reduction, emissions elimination, normalization, segmentation, informative features
highlighting, results classification and interpretation [5-7]. Similar transformations, on the
other hand, can be performed due to both specialized analog devices and more versatile digital
ones. Therefore, in order to achieve greater unification and flexibility of the measuring channel
(MC), the immediate task is to investigate the broadest possible digital bio-signals
transformation. However, since the part of measurement transformations, for various reasons,
is to be implemented in the analog part of MC, it is important to investigate the possibilities of
its maximum unification.

At present dozens of bio-signals having different origins and method of formation are
used in biomedical studies [8]. The combination of different methods can be used to increase
the validity of the results during the study. Such an approach in modern bioinformatics is called
sensor fusion. The example of practical sensor fusion application is polygraph (lie detector). In
order to improve the test results, multichannel measurements of various physiological
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characteristics related to human psycho-emotional responses to the asked questions are
used [9].

The objective of the paper is to investigate the ways of measurement unification of
bio-signals transformations with different nature and to develop the structure of the analog part
of the computer measurement system, suitable for solving a wide range of modern
bioinformatics problems.

Statement of the problem. In order to achieve this target, it is necessary to consider the
varieties of bio-signals, mechanisms of their formation, to analyze the factors complicating the
bio-signals selection, and to describe the peculiarities of measurement transformations on the
examples of electrocardiogram signal and bio-impedance. This will serve as a basis for the
rational use for measurement transformations of the modern component base capabilities
providing the possibility of compatible processing for various kinds of bio-signals, as well as
invariance of the destabilizing factors action.

Types and parameters of the most common bio-signals. By the method of formation
the bio-signals can be ranged to one of the following three groups [5], as shown in table 1:

I. Bio-signals of electrical nature.

I. Bio-signals reflecting non-electrical processes.

[1l. Bio-signals as the response to external stimuli.

Table 1

The most common biosignals and their main parameters

Signal Classification _Frequency Intensity Change pattern
type Group interval, Hz range
ECG | 0,01-250 1-5mV Quasi-periodic
EEG | 0-150 5-300 pV Transient
EMG I 0-10000 0,1-5mV Transient
EDR | 0,1-10 0,1-2 mV Transient
VAG I 80-800 10 mV Quasi-periodic
IPG 11} 0,3-70 1mvVv Harmonic
PPG 11} 0,3-70 0,1 mV order Quasi-periodic
BIA 11 0,1-10 0,1-2 mV Harmonic

The first group combines methods when bio-signal is formed as the difference of
electrical potentials on the body surface by means of special electrodes located at certain points.
Such bio-signals are electrical in nature and can be fed directly to the input of a computer
measurement system without additional transformations. According to this principle, bio-
signals that belong to such electro-diagnosis methods as electrocardiography (ECG),
electroencephalography (EEG), electromyography (EMG), electrococulography (EOG),
electrogastrography (EGG), and others are recorded.

The second group consists of diagnostic methods where bio-signal is generated by
special primary transducers (sensors) and reflects the physiological processes of non-electrical
nature occurring in the body. These include vibroarthrography (VAG), plethysmography (IPG),
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sphygmography (SG) and a number of other methods. The third group of methods for bio-
signals generation requires the application of external physical fields (electrical, optical, etc.)
to the biological material. This group is represented by methods such as impedance magnetic
resonance imaging (MRI), plethysmography (IPG), photoplethysmography (PPG), bio-
impedance analysis (BIA), electrodermal response (EDR).

From the point of view of bio-signals measurement and processing, their parameters
such as frequency interval, levels range, the nature of changes over time are important.
Parameters of the most common bio-signals are provided in Table 1. Bio-signals, which
according to the proposed classification belong to the first group, are electrical in nature, hence
they can be directly recorded by the electrodes as the potential difference on the body surface.
These signals are weak, especially EEG, and therefore they are sensitive to interferences and
have low Signal to Noise Ratio (SNR) [10].

Peculiarities of electric  bio-potentials  selection.  Electrocardiography,
electroencephalography, and electromyography systems are designed to study of heart, brain,
and muscle activity, respectively, by measuring electrical potentials on the body surface.
Nervous irritations and muscle contractions can be detected by measuring the ion current flow
in living tissues. This is performed by bio-potential electrodes.

The selection of bio-potentials from the body surface has the following
peculiarities [11]:

- in biological organisms, unlike electrical devices, charge carriers are not electrons
but ions in the cell electrolyte (positively charged cations and negatively charged anions), so
the bio-potential at a certain area of the body surface occurs due to excessive concentration of
ions of a certain type;

- while the bio-potential electrodes are attached, such exceptionally undesirable
phenomenon as polarization occurs, the potential of which can exceed the useful signal by two
orders;

- the impedance between the skin and the electrode is resistive-capacitive, and its
value at 10 Hz frequency can range from 5 kOhm to 500 kOhm;

- biosignals, generated as bio-potentials difference of between various parts of the
body surface, have very low levels and therefore are sensitive to interferences of different
origins.

Equivalent electrical reflecting processes at the «skin-biopotential electrode» contact
during ECG signal recording process is shown in Figure 1, a.

The polarization phenomenon, which in the substitution diagram reflects the voltage
source Enc, the impedance of the «skin-electrode» contact represented by parallel ReCE circuit,
as well as subdermal tissues resistance Ru, are destabilizing factors complicating bio-signals
selection. ECG signal is recorded by means of electrodes as electrical potentials difference AU
at different parts of the body surface. The values of the equivalent circuit parameters for each
electrode are usually different, i. e. there is asymmetry. The effect of the useful signal on
polarization voltage is additive, and the change of the «skin-electrode» contact impedance is
multiplicative.

If the electrode moves because of breathing or movement, it disrupts the charge
distribution at the edge of its contact with the cell electrolyte and changes the polarization
potential. This phenomenon is called the movement artifact, which can be a serious reason for
the decrease of the electrocardiogram measurement accuracy (or any other bio-signal).

The following is used in clinical practice in order to ensure the maximum quality of the
recorded ECG signal [12, 13]:

- gel for increasing the conductivity of «body-electrode» contact;

- comfortable conditions for the examined person (comfortable resting on the couch);

- breath holding arrest at the moment of ECG recording;
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- multichannel bio-potentials recording from the limbs and different points of chest
and limbs (up to 12 extensions).

Recently, ECG has been used not only for medical examinations but also for other
purposes, for example, people identification [14, 15]. The biometrics aims are different from
medical diagnostic ones, but the conditions for ECG selection are also different. In biometric
tasks, the main aim is to record the signal from human being from the so-called first extension
using dry electrodes from the fingers of the left and right hands as easily as possible. It is also
possible to get ECG signal from the chest using T-shirt with built-in textile electronics, from
office or driver chair or even wrist bracelet [16, 17]. Such non-conventional but convenient
ECG signals selection methods are becoming available for regular use and the spheres of their
potential application are expanding.
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Figure 1. Equivalent circuit diagram of bio-potential electrodes substitution(a) and input stage circuit at ECG
registration from the first extension (b)

Simple bio-potential selection procedure, dry electrodes cannot provide good quality of
the recorded ECG signal. Buffer amplifier (BA) with large Zin input impedance (Figure 1)
should be used to ensure invariance of the impedance effect. Buffer amplifiers are required to
have ultra-low input current displacements values (several pA) in order to prevent additional
polarization of the «skin-electrode» contact, especially if this contact is degraded. The
availability of buffer amplifiers makes it possible to use the so-called dry electrodes [17], i. e,
those that do not need gel to improve the «skin-electrode» contact. The combination of bio-
potential electrode with buffer amplifier is called «active electrodey.

Measuring transformations on the example of ECG signal and implementation
variations of MC analog part. The electrocardiogram signal excursion ranges from AU=1-+5
mV, and polarization voltage for popular biopotential Ag/AgCl electrodes can even assume the
value E4c=300 mV, i. e. the value by two orders greater than the useful signal. In addition, the
polarization voltage is unstable as in the process of bio-potentials recording it changes its value,
making it difficult to compensate its influence.

The application of instrumentation amplifier (I1A) with high coefficient (100 Db) of
Common-Mode Rejection Ratio (CMRR) reduces the destructive effect of polarization
potentials [18, 19]. For the buffer cascade (Fig. 1b) in the first approximation it is true that

|:(U1-UR)/R2:(U2-U|_)/R2:(UR-U|_)/R1 (1)
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as well as
U1-Uz =(Ur-UL)(1+ Ra/ R). )
If Ur=UL=Ecm , then U1=U,=Ecwm, and
CMRR=AD1 xAp2/Acm1 *Acmz

where Ap: and Ap; are differential signal enhancement ratios for buffer amplifiers BA1 i BAz;
Acmz and Acmz are Common-Mode Rejection Ratios BA; and BA..

In order to compensate the polarization voltage, the principle of negative feedback is
traditionally used. This is achieved by the formation and supply to the electrode of the right leg
of the corresponding potential (Figure 2, a). The common-mode voltage on the body is
measured by two resistors with values of R1/2 and due to the inverting amplifier based on OA
and Rz resistor is returned to the right leg in the form of current less than 1 pA. This makes it
possible to grade the bias voltages flowing in the body, which can be considered as the adder
of currents in the feedback loop. Thus, the negative feedback of the circuit on the operational
amplifier reduces the level of common-mode voltage at the measuring electrodes.

If there is asymmetry in the impedance of the «electrodes-skiny contact, the common-
mode potential of the body will be different at the inputs of the first and second buffer
amplifiers. Therefore, the residual part of common-mode will be considered as differential
voltage and will be amplified by instrumentation amplifier. In the registered ECG signal, this
distortion is called the baseline drift with spectrum having the band from 0.5 to 1 Hz. The
analog high-pass filter is often used to this distortion rejection, particularly within the
instrumentation amplifier.

Except the above mentioned addition, there is a number of other sources of ECG signal
distortions, mainly of adaptive character including: power supply induction (50Hz), muscle
electrical activity interference (5Hz-2kHz), and electromagnetic interferences.

The spectrum of ECG signal itself extends over the band from 0.01 to 250 Hz, although
it is believed that the main informative components are concentrated mostly within the range
of 0.25-35 Hz [13]. At the present, it is reasonable to use digital signal processing (DSP)
techniques to reduce the interference impact, i. e. to increase the signal-to-noise ratio. This
requires analog-to-digital signal conversion. Proper implementation of analog-to-digital
conversion requires matching of the signal level with the dynamic ADC range, and selecting
the sampling rate Ts?, taking into account the upper band Fuax of the converted signals — Ts >
2Fmax.
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Figure 2. The structure of the analog part of measurement circuit for electrocardiogram selection from the
first extension: typical (a) and based on high width ADC (b)

In order to limit the raw ECG signal spectrum from the top, the low-pass anti-aliasing
filter (AAF) with 250 Hz transition band is applied, then the sampling rate should be at least
500 Hz. Program-guided gain factor amplifier (PGA) is used to match the raw signal level to
the Dynamic Analog-to-Digital Converter (ADC) range. A typical structure of the analog part
of measuring circuit for electrocardiogram selection is shown in Figure 2 a.

ECG-channel consists of measuring biopotential electrodes E1 and Ez, connected
relatively to buffer amplifiers BA1 and BA:, instrumentation amplifier 1A with program-guided
gain factor, anti-aliasing filter AAF, ADC and bias compensator on the basis of operational
amplifier (OA). In most cases, electrocardiogram single-channel selection is performed by
connecting one electrode to the right arm, the other to the left one, and the bias electrode to the
right leg. However, simplified and more convenient methods of electrode positioning are
possible, for example, the first electrode to the index finger of the right hand, the second to the
index finger of the left hand, and the bias electrode to the long finger of the left hand.

Such structure of ECG-signal selection channel can be implemented as a separate
module for mobile applications [20]. To perform more complex tasks involving
electrocardiograms selection from many extensions or integration with other types of
biosignals, the measuring circuit can be implemented on the basis of delta sigma ADC (A-ADC)
with resolution 16-20 bits (Figure 2 b). This ensures useful information storage from weak
ECG signal on the background of uncompensated polarization voltage, influence rejection of
which takes place in MC digital part.

Bio-signals measuring circuits included in groups I and Il can be combined. The only
difference is in the input device (electrodes or sensors). The third group of bio-signals,
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particularly bio-impedance, is formed by means of external stimuli, thus the structure of
measuring circuit is fundamentally different and usually more complicated.

Bio-impedance and measuring channel construction options. Living biological
tissue is inhomogeneous conductor with resistive-capacitive impedance character which
individual elements reflect the external and internal cells resistance and cell membrane
capacity. For different types of tissues and cells of the body, the values of these components
significantly differ being the basis for obtaining valuable biomedical information.

There are many different problems in bioinformatics solved by bio-impedance
measurement. The most common problems include body impedance analysis, impedance
plethysmography, and electrodermal activity. In each of these tasks, bio-impedance
measurement has its own peculiarities. For example, measuring body composition involves
recording the frequency dependence of active and reactive bio-impedance components,
impedance plethysmography (rheography) is associated with the registration of minor bio-
impedance temporal pulses caused by blood filling of the investigated organs, and dermal
impedance changes caused by human emotional response on asked questions are used as one
of the polygraph information channels [9].

Since bio-impedance is passive a value, it is converted for measurement purposes into
active value, usually voltage. This is due to the bio-impedance sensing by external stimuli, for
example, in the form of harmonic current. In general, the principle of such transformation is
shown in the scheme in Figure 3, a.

N

U/ U s e

| AM, > LPF, (—| ADC, [2>

s

" N

> AM; [—>{ LPF,|—»{ ADC. >
S j

Q
b)

Figure 3. Converter of bio-impedance into voltage (a) and phase-quadrature converter (b)

Four electrodes — two current («ln», «lL») and two potential («Uny», «UL») are put on
the investigated body area. Current electrodes are connected to current source (CS), and
potential ones — to the high-resistance inputs of the instrumentation amplifier (1A). Since the
voltage decline Ux on the body area is registered on the instrumentation amplifier, then under
Ohm's law it is possible to determine the value of bioimpedance (BI)

ZX =l'JX/IX' (3)

Transimpedance amplifier (TIA) with transmission ratio 1/Ro is used for current
measurement, so the equation for bio-impedance conversion is as follows

Zy :ROXUx/leX’ (4)

where Ro and U are the resistor resistance of the trans-impedance amplifier and its output
voltage, respectively.
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The next key stage in measurement transformation is separation of the common-mode
and quadrature components of Ux and U, signals of the “bio-impedance-voltage” converter.
Traditionally (see Figure 3, b), the phase-quadrature decomposition of complexes is based on
the In Lock Amplifiers [21, 22].

In Lock Amplifier is constructed on the basis of analog multiplier (AM) multiplying
analyzed complex voltage (Ux or U) by reference signal. Since the reference signals S and Q
are in quadrature, the constant components of Ure and Uim signals at AM; and AM output are
proportional to the real and imaginary components of the complex voltage. The separation of
the constant components is carried out by means of LPF; and LPF low-pass filters, and their
conversion to digital form — by ADC; and ADC: analog-to-digital converters.

The values of module, phase, active and reactive bio-impedance components are
calculated in the digital unit of measuring channel by the following expressions:

1 N-1 1 N-1

Mg, = W,;UX (n)xS(n)= gcos((p); M, = WZ;)UX (n)xQ(n)= gsin(@); (5, a)

M, =2/MZ +MZ: M, =arctan(%} (5, b)

Re

There is another option of bio-impedance measuring channel construction, which
peculiarity is to perform phase-quadrature conversion in a digital form. For this purpose, the
instantaneous magnitudes of the complex voltages Ux and U, at the output of the «bio-
impedance-voltage» converter are digitized. The sampling rate is related to the probe current
frequency

To' =N xFy, (6)

where N is the number of samples.

It should be noted that instrumentation amplifier and ADC require increased operation
speed. If, in the case of measuring biosignals from groups I and 11, the spectrum is limited to
several hundred Hz, then for the measurement of bioimpedance at 50 kHz probe signal
frequency, the sampling rate is hundreds of kHz, i. e. approximately three orders higher.

Unified channel structure for measuring different types of biosignals. On the basis
of the above mentioned, we can assume that the use of multi-bit (1620 bits) [23] and high-
speed (about 10° samples per second) analog-to-digital converters is the key to the construction
of a unified analog measurement circuit part, providing measurement of a wide range of bio-
signals. The structure of the bioinformatics computer system for processing bio-signals with
the unified analog measuring channel part is shown in Figure 4.

Electrical bio-potentials selection (biosignals of group 1) is performed using active
electrodes (AEs) and are fed to the analog multiplexer (AMX) that provides multi-channel
measurements, such as 12 extensions in electrocardiography or 32 electrodes for
encephalographic studies. Bioprocesses of non-electrical nature (bio-signals of group II)
are converted into electrical signals by appropriate bio-signal sensors (SB) sensors to ensure
their compatibility with the system. Bio-impedance representing bio-signals of group IlI,
requires external stimuli for converting into electrical voltage in Z/U Converter.
Their formation involves digital voltage synthesizer (DVS) and «voltage-to-current» converter
(U/1 Converter). The latter can be implemented according to Hawland current generator scheme
[24], and DVS on the basis of digital direct synthesis (DDS) [25].
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Figure 4. Structure of bioinformatics computational system for bio-signal processing

The signals from the analog multiplexer are conditioned in the instrumentation amplifier
and fed to multi-bit high-speed analog-to-digital converter (HS&HR ADC). Further the
digitized data are fed to microcontroller (MC), which implements various digital signal
processing algorithms aimed at rejection of interferences from power network, electromagnetic
noise and biological interference (tremors, electrical muscle activity, isoline drift). A number
of functional transformations, such as single-frequency Fourier transformation, bio-impedance
parameters calculation, etc. are performed in MC. The microcontroller is connected to PC via
switch module (CM), where various application algorithms, including machine learning
technologies are implemented [12].

A common feature of all types of biosignals is their weakness. Moreover, there is a
number of destabilizing factors having pure physiological origin. They can be conditionally
divided into three types — interference, shielding, variability of the controlled parameter [5]. As
a result, there is a low signal-to-noise ratio. Based on the own research data and literature
sources, the main biosignals distortions and ways of their reasonable reduction are presented in
Table 2.

Table 2

Main biosignals distortions and methods of their reduction

] . Character of distortion Methods and means of interferences
Distortion source . . .
and its spectrum and artifacts rejection
«Skin-electrodey Multiplicative, Buffer amplifier, active electrode (high
impedance 5-500 kOhm input resistance, low bias currents)
Bias currents, . Instrumentation amplifier (high common-
S Additive, . .
polarization 0-0 01 Hr mode rejection ratio),
voltage ’ Delta-sigma ADC (high width)
Isoline drift Additive, Digital high pass filter,
frequency band < 0,1 Hz | Wave decomposition
Power supply Additive, I .
guidance frequency 50/60 Hz Digital notch filter
Electromagnetic Additive, Digital low pass filters with linear phase
noise wide frequency band response
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It is evident from the data given in Table 2, that the influence of artifacts and
interferences on bio-signals at present can be reduced by digital means.

Conclusions. Bio-signals measurement and processing are related not only to medical
diagnostics, but to many new applications in bioinformatics, such as biometrics, human-
machine interaction, round-the-clock clinical monitoring as well. New applications increase the
requirements for both technical and operational performance of bio-signals selection and
conversion means. Particularly, it is necessary to select bio-signals outside the stationary
conditions using wearable means, to ensure simultaneous processing of different types of bio-
signals in order to improve the results validity. In this context, it is necessary to unify the
bioinformatics system hardware, especially its analog part.

The properties of bio-signals having electrical nature from the point of view of their
measurement are analyzed and the most common problems and errors during their measurement
are considered in this paper. At the same time, typical analog parts of bio-potentials and bio-
impedance measurement channels, as well as methods of the measured signals processing to
improve the measurements accuracy are considered as well. On the basis of the carried out
analysis, the common properties of these bio-signals were identified. This made it possible to
synthesize the structure of the analog part of high-precision measuring channel of bio-signal
processing invariant to the type of measured bio-signal, which can apply the well-known
methods of signal processing (analog and digital filtering, signal decomposition, multi bit ADC
application) for measurement accuracy improvement.
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YHI®IKAIISA AHAJIOTOBOI YACTUHU KAHAJTY
OITPALHIOBAHHA BIOCUT'HAJIIB

Boaoaumup Xomal; FOpiii Xomal; Opecr Kouan® 2
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Peztome. Tlompeba y eumiproganni ma Onpayro8amHi 0OIOCUSHANIE GUHUKAE He auue y MeOUuHill
diaenocmuyi, ane maxkoc 6azamvox HOBUX 3ACMOCYB8AHHAX, 30Kpema, ¥ biomempuyi, agpexmusHiti iHgpopmamuyi
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Unification of the analog part of the biosignal processing channel

JIHOOUHO-MAUUHHIT 83A€MOOIL, YIN10006060MY KIIHINHOMY MOHImMopuHey. Ho6i 3acmocy8ants niOsUWyoms UMOSU
00 MeXHIYHUX I eKCNIYamayiiHux Xapakmepucmuk 3acobis 6iobopy ma nepemeopenisi 6iocuenanie. Heobxiono
30iticHI08amu 8i00ip bioCueHANI8 N03a CMAYIOHAPHUMU YMOBAMU, 3a0e3neyumu CUHXPOHHe ONPaYIO8aAHHS PISHUX
6udig Oiocuenanis. YV yvomy KoHmexkcmi NOMpIOHO MAKCUMANbHO VHIQIKYy8amu anapamui 3acodu
bioinghopmamuynoi cucmemu, 0cooU80 iT AHA0208Y YaCMUHY. Y poOOmi po32iAHYMO 0COOAUBOCMI POPMYBAHHS
i 6i0bopy Haunowuperiwux OIOCUSHANIB, NPOAHANI308AHO OJiCcepend CHNOMBOPeHb md ONUCAHO MUNOSI
BUMIDIOBANIbHI NepemBOpeHHs. HA NPUKIAOAX CUHALY eleKmpokapoiozpamu U 6ioimnedancy. Ha niocmasi
Npo6e0eHo20 AaHANI3Y BUSHAYEHO 3A80AHHA, WO000 VHIQIKaYii 8UMIPIOBATbHO2O KAHALY, AKI MOXCYMb Oymu
PayioHanvHo  6upiuieHi HA  OCHOBI  GUKOPUCMAHHA — MOJICIUBOCHEN  KOMHOHEHmMHOI 0a3zu  cy4acHoi
MiKkpoenekmponiky ma  obuucmoganvhoi  mexwniku. Ilokazano  ModcIuGicmy - iCMOmMHO20  CNPOUEHHSA
BUMIPIOBANILHO20 KAHATY GUMIPIOGAHHs OiOnOmMenyianis, 3a80AKU 3ACMOCYBANHIO 6A2amMOpPO3PAOHUX OeNbmd-
cuema ALII. Bumipiosanns dioimnedancy mae c6oio cheyudixy uepes nacughy 6eKmopny npupooy yiei enuuunu.
s yvoeo 3acmocogyioms 306HiuMHI 0dcepena 30y0uceHHs, 3a36unail, y 6ueiadi 0xcependa CUHycoiono2o cmpymy
yacmomoro O0exinbka decsimkis Kinozepy. Ingpopmayio npo cknadosi bioimnedanca 00epicyioms 3a 00NOMO20H0
CUHXpoHHozo oemexkmyeanus. OOIPYHMOBaHO npuHyun noby008u ma CUHME308AHO CMPYKMYPY AHAN02080i
YACTNUHU YHIBEPCATLHO20 BUMIPIOBANILHO20 KAHALY, NPUOAMHO20 OJid GUMIPIOBAHHA AK OiocucHanis, mak i
Gioimnedanca. Ii ocnosy cknadae 6azamopospsaonuil i weuokodirouuti AL, wo 6idkpusae Mmoxciusicme
nepegedeHHs UACMUHU BUMIDIOBATIbLHUX NepemeopeHb 00 yugposoeo euenady, 3abesneyye cmitikicms 00
CHOMBOPEHb 3yMOBNEHUX apmedarmamu ma 6NAUEOM 3a8a0.

Knrwuosi cnosa: biocuenan, Oioimnedanc, 31umms CeHcopis, SUMIDHOGANIbHUL KAHAL, CMIUKICMb 00
cnomeopeHb.
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