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Abstract. The methods of detection of mycotoxins in agricultural products have been
analyzed. The advantages of using the fluorescence methods for the express diagnostics of
the presence of mycotoxins in samples have been shown. The development of an optical
biosensor, which allows the detection of mycotoxins in the field, has been presented. The
principles of operation have been established, and the constructive solution of a sensor has
been proposed. An electro-optical scheme for obtaining an information signal has been
developed and tested. The particular attention has been paid to the choice of an element
base of the proposed microsensor. The principles and procedure for its validation have been
shown. The practical results of testing the developed technical solution have been
presented. The achieved relative error in the linear approximation of the sensor conversion
characteristics in the interval of concentrations 0...100 ppb at a temperature of 15...25 °C
does not exceed 2%. The developed sensor can be used in agriculture for the express
detection and evaluation of the mycotoxin contamination.
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1. Introduction

Mycotoxins are toxic secondary metabolic products of
molds present on almost all agricultural commodities
worldwide. Unlike primary metabolites (sugars, amino
acids, and other substances), secondary metabolites are
not essential in the normal metabolic function of the
fungi. Other known secondary metabolites are
phytotoxins and antibiotics.

Currently, there are about 400 mycotoxins reported.
These compounds occur under natural conditions in feed,
as well as in food. Some of the most common mycoto-
xins are as follows: aflatoxins, trichothecenes, fumoni-
sins, zearalenone, ochratoxin and ergot alkaloids. Myco-
toxins are produced by different strains of fungi, and
each strain can produce more than one mycotoxin [1].

Unavoidable, naturally occurring toxicants pose a
unigue challenge to the food safety. According to FAO,
at least 25% of the world food crops are contaminated
with mycotoxins at the time, when the production of
agricultural commodities is barely sustaining the
increasing population [2]. As a result, about 1 billion tons
of food is lost over the world. Prolonged consumption of
mycotoxin-containing foods by animals and humans
leads to various diseases, including cancer.

Among all types of mycotoxins, the most common
and regulated in different countries are:
« aflatoxin (B1, B2, G1, G2) (AFs);
* deoxynivalenol;
« fumonisin (B1, B2);
e ht2;
et2;
* nivalenol;
* ochratoxin A (OTA);
« zearalenone (ZON).

To quickly collect the data on the levels of
mycotoxin contamination in the fields, express methods
of mycotoxin detection should be necessarily used. For
the express methods for the detection of mycotoxins, an
important part is the sample preparation stage. There are
such sample preparation methods as the solvent
extraction and solid-phase extraction.

Solvent extraction involves the extraction of the
mycotoxin with a solvent. Acetonitrile or methanol
mixed with water in the presence of salts can be used as
solvents. The main disadvantage of the solvent extraction
method is a poor selectivity of most solvents, and the
final extract obtained is often colored and viscous [3].

Solid-phase extraction involves the use of a sorbent
that contains an antibody. Thus, the mycotoxin acts as an
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antigen, settling on the sorbent. Solid-phase extraction is
considered to be significant for the sample preparation in
the analysis of mycotoxins [3].

In this article, the problem of the sample
preparation within the framework of express analysis will
not be considered. During the last few decades,
consumers have become more aware of health and food
quality, consequently, the research on food safety
augmented. The variety of contaminants in many food
products requires the development of high-throughput,
real-time, and portable detection methods. The evaluation
of the various mycotoxins residues in foodstuffs became
an essential factor in guaranteeing the products quality.
Hence, it is essential to improve the analytical standards
to detect and quantify the presence of a mycotoxin. The
operation procedure should be simplified continuously
for the convenience of users [4]. The article is devoted to
developing a device capable of determining the number
of mycotoxins in a ready-made sample using one of the
express analysis methods.

Therefore, the main tasks are:
to review the existing methods for detecting
mycotoxins;
to identify the existing solutions;
to develop a device using one of the detection
methods;
to carry out the testing and validation of the made
device.

2. Existing solutions

Mycotoxins detection methods can be divided into
standard (reference methods) and express ones. In [3] the
existing methods for the determination of mycotoxins are
discussed in detail.

Reference methods for the quantitative and
qualitative determination of mycotoxins are basically
chromatographic systems with different detection
systems such as HPLC-UV/DAD or LC-MS. They
produce the high resolution, as well as sensitive and
reproducible results. They are the accepted methods for
any testing related to a dispute resolution. The
disadvantages of these methods are that they are time-
consuming, high in costs, sophisticated in equipment, and
need the expert scientific and technical knowledge. In
addition, they also require very extensive pre-analytic
clean-up steps before the analysis. Instrumental methods
are usually employed to confirm positive sampling
results from screening methods [5].

Express methods provide the ability to quickly
obtain results, ranging from 25 min to several hours.
Conventional systems which are commercially available
for the rapid detection of mycotoxins are:
enzyme-linked immunosorbent assay (ELISA);
lateral flow detection (LFD);
fluorescence polarization immunoassay (FPI);
in some cases, basic fluorometric measurements
are used to detect and quantify mycotoxins in
food or feed [6].

The use of ELISA requires laboratory conditions, so
it cannot be used in the field. Lateral flow methods
mainly give qualitative indicators, which is not sufficient
for the forecasting. Immunoassay of polarization
fluorescence is a fairly new method of detecting
mycotoxins, but it also requires reagents to stain
molecules or to enhance the fluorescence.

The rapid method based on the fluorescence of
mycotoxins can provide a quantitative indicator of the
contamination by mycotoxins, does not require
laboratory conditions and a specially trained personnel.
Therefore, it was chosen as a method of detection of
mycotoxins.

One of the promising methods for the detection of
mycotoxins involves electrochemical biosensors. Due to
the widely occurring co-contamination of raw food
materials by mycotoxins, Lu and Gunasekaran designed
and fabricated of an electrochemical immunosensor for
the simultaneous detection of two mycotoxins, fumonisin
B1 (FB1) and deoxynivalenol (DON), in a single test. A
dual-channel three-electrode electrochemical sensor
pattern was etched on a transparent indium tin oxide
(ITO)-coated glass via photolithography and was
integrated with a capillary-driven polydimethylsiloxane
(PDMS) microfluidic channel [4].

In addition, sensors are being developed based on
the use of nanostructures and nanomaterials. One
example of the implementation of such a sensor is
considered in work [7]. However, nanoparticles- and
nanostructure-based analytical devices have high
sensitivity and low detection limits and can be potentially
used as a portable instrumentation. The microarray
technology is fast, sensitive, but not yet common because
of their variability and reproducibility issues [3].

Let’s consider the fluorescent method for detecting
mycotoxins. Fluorometry allows the identification of
low-concentration substances by the excitation with a
beam of ultraviolet light, followed by the detection and
measurement of the characteristic wavelength of the
fluorescent light emitted [6].

The scheme of implementation of the fluorescent
method for detecting mycotoxins is as follows. On one
side, there should be a light source that will illuminate
the test sample. From the resulting glow, mycotoxins
begin to fluoresce and emit their glow. As a result, on the
other hand, there must be a light sensor that detects the
level of a glow. However, this method’s disadvantage is
that it can detect only those toxins that have fluorescence
properties. These are aflatoxin B1, ochratoxin,
zearalenone. It will be impossible to determine other
toxins by this method. Table 1 shows the values of the
wavelengths of excitation (Ex) and emission (Em) of
toxins that we must provide in the device. For example,
the excitation—emission matrix of aflatoxin B1 standard
and extracted aflatoxin produced overlapping peaks at
340...400 nm of the excitation interval centered at
365 nm and emitting in the blue region near 450 nm [8].
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Table 1. Ex/Em wavelengths for toxins in the matrix.

Group Compound | Ex,nm | Em,nm | Matrix

Myco- AFs 365 455

to>></ines OTA 335 460 | Cereals
ZON 275 455

Currently, there are no devices for the detection of
mycotoxins by the fluorescent method among the
existing solutions. The task is to implement this method
by developing an optical biosensor device. Such optical
mycosensor will be able to conduct the field testing.

3. Development of an optical mycosensor

Optical mycosensor design. Based on the diagram
shown in Fig. 1, the general scheme of operation of the
optical mycosensor is as follows (Fig. 1). The LED under
the control over the driver shines on the sample.
Myecotoxin begins to fluoresce and emits light, which is
captured by the photodetector. As a result, the voltage
parameters change, which can be measured and
converted into values by the analog-to-digital converter
(ADC).

Let’s plot a schematic diagram of the placement of
elements in the device. It shows the location and
interaction of selected components. The diagram is
shown in Fig. 2.

Sample

— ¥

ADC
SiPM photodetector
Fig. 1. Schematic diagram of the device.
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Fig. 2. Schematic diagram of the placement of components in
the optical mycosensor.

When it turns on the led driver, the LED begins to
irradiate the capillary. The input voltage of a driver is
equal to 12 V, being the nominal value. Before entering
the capillary, the light beam passes through a light filter.
The capillary is a special quartz tube into which a sample
with a mycotoxin enters. The mycotoxin in the irradiated
sample begins to fluoresce and to emit light. A detector
registers the breakdown light. Before that, the spectrum
of the beam is also filtered by a light filter. A voltage of
30 V by documentation must be applied to the light
detector. The value of the output voltage from the sensor
is amplified through an operational amplifier (Op-amp)
with a nominal voltage of 5V and is converted to a
digital value by ADC. ADC has a voltage nominal of
3V, because it is used in Nordic nRF52840, which is
used to read and to process the data from the optical
mycosensor. Data re transferred by 12C communication.
The Inter-Integrated Circuit (I12C) Protocol is a protocol
intended to allow the multiple “peripheral” digital
integrated circuits (“chips”) to communicate with one or
more “controller” chips. Like the serial peripheral
interface (SPI), it is only intended for short distance
communications within a single device. Like
Asynchronous Serial Interfaces (such as RS-232 or
UARTS), it only requires two signal wires to exchange
information.

The optical mycosensor must have the following
components and properties.

1. A light source having a wavelength close to the
excitation values of mycotoxins.

2. The container for placing the analyte should be as
transparent as possible, not to reflect light, and to
completely transmit it.

3. A sensor that will capture light at lengths close to
the emission light lengths of the toxins.

4. Controls and boards.

UV LED. A UV LED “ThorLabs” M375D4 was
chosen as the light source. This Thorlabs LED on a
metal-core printed circuit board (MCPCB) is designed to
provide the high-power output in a compact package.
The manufacturer draws attention to the fact that, for the
proper operation, the LED should be installed on the
appropriate radiator. For the proper thermal management,
we fix MCPCB to a heat sink using two screws and use a
thermal compound to provide a good thermal contact
between MCPCB and the heat sink [9].

According to the stated characteristics, the
wavelength is close to the wavelength of the excitation of
aflatoxin. However, it is longer than the corresponding
lengths for ochratoxin and zearalenone.

In order to be able to work with ochratoxin, for
example, a light filter should be added. Its task is to filter
out the unnecessary wavelengths. A light filter “Hoya
U-340” was chosen.

However, based on the spectrum of LED, it is
evident that the light intensity is quite low at lengths
suitable to measure ochratoxin. The signal may be
amplified.
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Analyte capacity. The container for an analyte
must be a tube with a diameter of not less than 3 mm. It
should also be as transparent as possible and not react
with aggressive environments such as alcohol, because
alcohol is used to extract and wash out mycotoxins from
samples. According to these requirements, the tube made
of quartz glass is used in the device.

SIPM sensor. A silicon photomultiplier (SiPM)
MicroFC-30035-SMT was chosen as a sensor for
analyzing the signal of mycotoxin emission light.

The C-series low-light sensors from ON
semiconductor feature an industry-leading low dark-
count rate combined with a high PDE. For ultrafast
timing applications, C-series sensors have a fast output
that can have a rise time of 300 ps and a pulse width of
600 ps. The C-series is available with different sensor
sizes (1, 3, and 6 mm) and packaged in a 4-side tileable
surface mount (SMT) package that is compatible with the
industry standard, lead-free, reflow soldering processes.

The C-series silicon photomultipliers form a series
of high gain, single-photon sensitive, UV-to-visible light
sensors. They have performance characteristics similar to a
conventional PMT, while benefiting from the practical
advantages of the solid-state technology: low operating
voltage, excellent temperature stability, robustness,
compactness, output uniformity, and low cost [10].

SiPM is formed of a large number (hundreds or
thousands) of microcells. Each microcell is an avalanche
photodiode with its own quench resistor and a
capacitively coupled fast output. These microcells are
arranged in a close-packed array with all of the like
terminals (e.g., all of the anodes) summed together. The
array of microcells can thus be considered as a single
photodiode sensor with three terminals: anode, cathode,
and fast output [10].

According to the manufacturer parameters, the
sensor has a performance that meets our needs for
measuring the fluorescence of mycotoxins. The highest
photon detection level occurs at wavelengths in the
interval 400...450 nm. It is almost correlated with the
light emission region of mycotoxins (455...460 nm).

It should be not forgotten that not only mycotoxins
can glow. The analyte can contain a lot of impurities that
can illuminate. In addition, the liquid itself can scatter
light. With this in mind, a light filter should be installed
in front of the detector, which will filter the light at the
required wavelengths. So, a light filter “Hoya G530” was
chosen for this purpose.

It should be noted that the luminescence spectrum
of mycotoxins is 450...460 nm, and this is the peak of
the luminescence intensity. However, this glow also
occurs in other spectral regions, including the 500-nm
one, but with a lower intensity. At the same time, the UV
LED has a luminescence intensity peak in the 375-nm
region. Moreover, it was revealed that it gives light with
lower intensity in the 400...500 nm spectrum interval.
Based on these data, the filtered light at 460 nm will give
the mycotoxin emission and a sizeable parasitic emission

from LED, which will give us an additional error.
Therefore, a compromise decision was made to take a
filter “Hoya G530~ for the 530-nm region, which will
cut-off the parasitic light of LED, but will transmit the
light in the 460-nm region with a lower intensity. Thus,
we deliberately reduce the glow intensity in the interval
of the mycotoxin luminescence to remove the parasitic
effect of the diode and to increase the determination
accuracy.

Controls and boards. LED control can be provided
by a LDD-1000L LED driver [11]. The optical
mycosensor consists of three separate PCBs:

Main mycosensor board.

LED driver board.

SiPM board.
The main mycosensor board and LED driver board
interconnect via PLS connectors in a sandwich-like
assembly (J6 to H2, J5 to H1, J4 to H4, J3 to H3). The
SiPM board connects with wires to the main mycosensor
board via J7 (+30V), J8 (SiPM signal), and J11 (ground)
tabs. The power line for SiPM must be adjusted to +30 V
on the main PCB.

The main mycosensor board populated with
Op-amp circuit (1% stage transimpedance amplifier TIA,
2" stage — non-inverting amplifier), voltage inverter
circuit for Op-amp offset, ADC circuit, and precision
voltage reference circuit for the LED driver brightness
setting. The LED driver board populated with a LED
driver (Meanwell LDD-1000L) and a driving MOSFET
circuit. High logic level on UVLED _en line turns LED
driver ON and low logic level on UVLED_en — OFF.

ADC ADS1115 is set to its default 1°C address
(0x48). Op-amp output line is connected to Al2 input of
ADC. The programmable gain amplifier (PGA) of ADC
must be set with caution not to drive the Op-amp output
voltage level higher than the internal voltage reference of
ADC at the given PGA value. Incorrect PGA setting will
irreversibly kill ADC.

The result of the design and development is the
optical mycosensor, which can detect the concentration
of fluorescent mycotoxins in the sample. The model of
the developed device is shown in Figs 3 and 4.

Quartz capillary

Thorlabs SiPM PCB

M375D4 LED

SiPM

U340 Hoya filter G530 Hoya filter

Lower body

Fig. 3. Optical mycosensor model, bottom view.
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SiPM PCB

SiPM
Thorlabs
M375D4 LED

G530 Hoya filter

U340 Hoya filter

Quartz capillary

Fig. 4. Optical mycosensor model, side view.

Fig. 3 shows the device, bottom view. It can be seen
that a special capillary runs along the entire length in the
central part of the body. When the sample liquid fills the
capillary, the test can be started. The block body itself is
made of aluminum. It must ensure that the measuring
area is protected from the external light, since the latter
will give an additional error, by illuminating the sensor.
The device measuring zone is the zone between the light
emitter and the sensor, through which the capillary with
the sample passes. LED and sensor are at 90 degrees to
each other. This is done so that the LED radiation does
not directly hit the detector. In front of the sensor and
LED, the special square areas are made to locate the
filters.

Fig. 4 shows the device, side view. In addition to
the previous picture, it can be seen that a cooling
heatsink is installed on top of the LED. This is done
following the manufacturer operating requirements. The
sensor control board (SiPM PCB) is located in a specially
designated place on top of it.

4. Validation
Validation parameters

Accuracy (closeness of a measured value to the
“true” value), defined as the degree of coincidence of a
result with the known concentration in the spiked sample.

Precision as an indicator of the approximation of
the consistency of the independent test results indicated
in the form of the standard deviation (SD), relative
standard deviation (RSD), or standard deviation of the
mean (SDM) of a series of repeated tests.

Bias is the difference between the test results and
the accepted reference value. ldeally, the analyzed
sample is CRM (certified standard sample, reference
material) and is similar to the working sample in terms of
its shape, matrix composition and the analyte
concentration. To calculate the percent bias, we use C,
(mean value of measurements using the validating
method) and Cp (certified standard sample value).

Sensitivity — the resolution of the method as the
level of a change in the response of the measuring
instrument, depending on the change in the
concentration. The method allows one to distinguish
close concentrations.

The limit of detection — this is the minimum
analyte concentration that can be detected with statistical
certainty. It can be determined by re-analyzing an empty
test portion or a test portion containing only a small
amount of the analyte.

The limit of quantitation is the lowest
concentration of the analyte that can be determined. It
shall be installed using the appropriate measurement
standard or sample. This is the lowest concentration at
which the standard deviation of the mean is < 10%.
Materials:

Mycotoxins-free corn CRM (mycotoxins content
below the LC/MS detection level), particle size
~0.3 mm w/o flour.
AFs-contaminated corn CRM (in the 5...100-ppb
interval), particle size ~0.3 mm w/o flour.
OTA-contaminated corn CRM (in the 5...100-ppb
interval), particle size ~0.3 mm w/o flour.
AFs standard 10 ppm stock solution in methanol.
OTA standard 10 ppm stock solution in methanol.
Procedure validation
The main goal of tests was the evaluation of the
sensitivity and linearity of an optical mycosensor. The
procedure has the following steps.

1. Take CRM and add the appropriate amount of the
standard solution.

2. Perform the manual sample preparation by the
standard method.

3. Inject the sample into the capillary of the optical
Mycosensor.

4. Start the measurement by protocol.

Protocol: The linearity of the detector response at
different concentrations of OTA is assessed using a
6-point calibration curve obtained by the sequential
introduction into the detector standard OTA solutions,
two measuring points for each concentration. After
constructing the calibration curve, we evaluate the
correlation coefficient R-squared.

Preparation of standard solutions of OTA:

1. 0 ppb — 950 ul EtOH + 50 ul H,0.

2.5 ppb — 945 pl EtOH + 50 ul H,0 + 5 pl St OTA.

3. 10 ppb — 940 pul EtOH + 50 ul H,O + 10 pul St OTA.
4. 25 ppb — 925 pul EtOH + 50 ul H,O + 25 ul St OTA.
5. 50 ppb — 900 pl EtOH + 50 ul H,O + 50 pl St OTA.
6. 100 ppb — 850 pl EtOH + 50 pl H,O + 100 pl St OTA.

After testing the device in the temperature interval
15...25 °C, we obtained the results presented in Table 2.
The least-squares method was used to calculate the linear
formula. The linear correlation formula of the
dependence of the fluorescence intensity on the real
concentration x is 27.2x + 11398. R-squared is 0.98 in the
interval 0...100 ppb. This means that the maximum
deviation of points from the linear curve does not exceed
2% when approximating a function linearly. In other
words, the device relative error is less than 2% at high
levels. The obtained linearity of the results confirms the
ability of the device to determine the concentration of
mycotoxins, but the device cannot accurately determine
the concentration at low levels. Accordingly, the
accuracy at low concentrations will be reduced. The
linearity graph is shown in Fig. 5.

Hudz O.V., Karpiuk A.D., Holub B.L. et al. Optical sensor for the detection of mycotoxins

231



SPQEO, 2021. V. 24, No 2. P. 227-233.

15000

14000

12000

Fluorescence intensity, rel. units

11000

10 25 50 100

Concentration OTA, ppb

Fig. 5. Graph of the linearity of the fluorescence intensity
determined by the optical mycosensor versus the concentration.

The presented implementation of the fluorescent
method for determining the presence of mycotoxins
works and can be used in the field. However, it is worth
to make some remarks. First, before the analysis, the
sample preparation should be performed. It can be done
manually without laboratory conditions. However, it is
better to create a device with the automated sample
preparation such as a device developed by “BIOSENS”.
So, our optical mycosensor can be combined with such
device [12]. Second, although the device has a high
linearity coefficient, the parameter b equal to 11398 is
too high. Given a maximum detection of 100 ppb that
equals 14260 conventional units of fluorescence
intensity, this figure should not exceed 10% of this value
of conventional units, which is equal to 1426. This is of
importance, because, at low concentrations, there is a
minimal difference in conventional units. Therefore, it is
almost impossible to accurately determine the
concentration at low levels. It is also worth noting that
the device is calibrated under certain climatic conditions.
Changes lead to changes in results, which negatively
affects the reproducibility. This leads to the need to
develop at least the thermal stabilization. Thus, the
optical mycosensor still needs to be refined, and after
this, the device can be used as a part of the data col-
lection system aimed at the prediction of the contami-
nation by mycotoxins, which was discussed in [13].

Table 2. Results of optical mycosensor tests.

opb Signal | Average SD RSD

0 11402 59.39696962 | 0.5228606481
11318 11360

5 11504 11610 149.9066376 | 1.291185509
11716

10 11866 | 11860.5 | 7.778174593 | 0.06558049486
11855

25 11994 | 11908.5 | 120.9152596 | 1.015369355
11823

50 12716 12599 165.4629868 | 1.313302538
12482

100 | 14342 | 14216.5 | 177.4838021 | 1.248435283

C — concentration

4. Conclusions

There are available the reference and rapid methods for
the detection of mycotoxins. The reference methods are
used in laboratories and require a highly skilled
personnel and sophisticated expensive equipment.

Rapid on-site analysis requires the use of rapid
methods such as enzyme-linked immunosorbent assay
(ELISA), lateral flow detection (LFD), fluorescence
polarization immunoassay (FPI), or basic fluorometric
measurements. The method of fluorescence of
mycotoxins can show a quantitative value of the
concentration, does not require a specially trained
personnel to be wused, and does not require the
organization of special conditions.

The developed optical mycosensor implements the
method of mycotoxin fluorescence. Constructively, it
consists of a quartz tube, aluminum body, LED, sensor,
filters, control boards, Op-amp, ADC, and cooling
heatsink. LED and the sensor are positioned at 90
degrees to each other.

“ThorLabs” M375D4 was chosen as LED, which
gives a luminescence in the region required for the
fluorescence. “Hoya U-340” and “Hoya G530 were
selected to filter the light spectra of LED and
mycotoxins, respectively.  Silicon Photomultipliers
MicroFC-30035-SMT was chosen as a mycotoxin glow
detection sensor. Control boards for block elements have
been developed.

When validating the device, 2 g of a sample were
tested at the concentrations: 0, 5, 10, 25, 50, and 100 ppb,
two measuring points for each concentration. The sample
was prepared by a manual sample preparation according
to the standard method.

As a result of the testing, the satisfactory linearity
(with a relative error less than 2% at high levels) of the
correlation between the concentration of mycotoxins in
the interval 0...100 ppb and the fluorescence intensity in
relative units was obtained. The developed sensor can be
used in agriculture for the express detection and the
evaluation of the mycotoxin contamination. However, it
requires improvements associated with a reduction of the
parameter b in the linear formula.
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sensors/silicon-photomultipliers-sipm/c-series-sipm.
LDD-L series [Electronic resource] — Resource
access mode:  https://feu.mouser.com/datasheet/
2/260/LDD_L_SPEC-1291586.pdf.

B1Osens [Electronic resource] — Resource access
mode: https://sens.bio/.
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OnTHYHUI CeHCOP U1 BUSIBJIEHHSI MiKOTOKCHHIB
O.B. I'ya3b, AJI. Kapn’wk, B.JL. T'oay6, A.O. lynuuk, O.B. Bymma

Anotanis. [IpoaHani3oBaHO METOIU BHUSBJICHHS MIKOTOKCHHIB Yy CUIBCBKOTOCHOIApCHKiA mpoxaykiii. [lokazaHo
IepeBarn BUKOPUCTAHHA (IIIOOPECIEHTHUX METOIB Ul eKCIIPec-IiarHOCTHKHM HasBHOCTI MIKOTOKCHHIB y 3pa3Kax.
[MpencraBneno po3poOKy onTH4YHOro OioceHcopa, SIKMH JIO3BOJISIE y TOJBOBHX YMOBaX BHSIBIISITH MiKOTOKCHHH.
IMokazaHo mpuHIMIHK (YHKIIOHYBaHHS Ta 3alpOIOHOBAHO KOHCTPYKTHBHE pIillIeHHs AaTuuka. Po3pobieHo Tta
anpoOOBaHO E€JIEKTPOONTHYHY CXeMy OTpHMaHHs iH(opmaniiiHoro curHaimy. OcoOnMBY yBary HpuAiIeHO BHOOPY
eJIeMEeHTHO1 0a3u 3ampoTOHOBAaHOTO MikoceHcopa. [loka3zaHo TMpWHIMIM 1 mpoueaypa Horo Bamigamii. HaBemeHo
MPaKTHYHI Pe3yJIbTaTH TECTYyBaHHs PO3pOOJIEHOT0 TEXHIYHOro pimieHHs. JlocsArHyTa BiTHOCHA MOXMOKa IPH JIHIHHIA
anpoKcUMaIlil XapaKTepUCTHKU IEPeTBOPEHHs ceHcopa y niama3oHi koHueHtpauiid 0...100 ppb mpu Temneparypi
15...25 °C ne nepesuuiye 2%. Po3pobienuii ceHCOp MOXKHA BUKOPHUCTOBYBATH B rajly3i CLIBCHKOTO TOCIIONAPCTBA JUIs
IIBUIKOTO BU3HAYCHHS MPUCYTHOCTI MIKOTOKCHHIB 1 OIIIHKH PiBHS TaKOTO 3a0pyAHEHHS MPOIYKIIii.
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