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Abstract. The methods of quality control of horilka by electrical parameters, in particular, dielectric constant, specific
conductivity, and imitation components are analyzed. The research results of individual samples of alcohol solutions and horilkas
of different brands by the method of admittance spectroscopy were also analyzed. Based on this, methods for detecting falsification
of horilka products by the method of admittance spectroscopy are proposed. The reactive component of the control object's ad is
selected as an informative parameter. Two types of falsification are analyzed. The first is the falsification of the original horilka by
replacing it with an aqueous-alcohol solution. The second - by replacing one brand of horilka with another. The analysis of the
obtained results of researches of two types of objects on reactive components of their admittance in the frequency range 100 Hz —
100 kHz showed the following: characteristic features of dependencies of reactive components on frequency are revealed; they
have been found to have extreme values at different frequencies. The reactive component of the admittance of aqueous-alcohol
solutions reaches an extreme value at the beginning of the range. The same component of the original horilkas of different brands

has extreme values at the end of the range. Based on this, methods for prompt detection of falsifications are proposed.
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1. Introduction

Detection of falsification is carried out by
organoleptic, chemical, and electrical methods. The
organoleptic method is mostly ineffective, chemical
methods require special tools and do not provide prompt
control. Electrical methods ensure the objectivity and
efficiency of control, as well as ease of implementation.
An example of electrical methods is the method of
impedance spectroscopy, which in recent decades has
been used to control the parameters of various objects of
non-electrical nature [1-7]. One such facility is alcohol,
including horilka (a Ukrainian alcohol brand equivalent
to whisky in Scotland). The mass appeared on the market
of low-quality horilkas is due to individual counter-
feiting of horilkas for the products of large manu-
facturers. Horilkas manufactured outside production
control are not taken into account, as well as replacement
in the process of transporting from producer to consumer
by a counterfeit analog. The most common falsifications
of horilkas are their replacement with an aqueous-
alcohol solution (alcohol and distilled water) or mis-
match of the horilka. There is a method of determining
the brands of horilka and cognac drinks [9]. An
alternating electric current is applied to the sample of the
investigated beverage and the ratio of the reactive and
active components of the electrical conductivity of the
beverage is determined from the alternating current
frequency, then the minimum and maximum frequency
dependence in its extremes. The alternating current is in
the range from 0.1 Hz to 200 kHz, and the ratios at
frequencies of 2 kHz and 200 kHz are determined.
Comparing the obtained parameters with the reference
values determine the brand of the drink.

2. Shortcomings

The disadvantage of the known electrical method
is the wide range of frequencies within which
measurements are made. It is necessary to measure many
informative parameters, which complicates the technical
means for implementing the method. The method does
not raise the issue of detecting the fact of falsification of
the drink.

3. The Goal of the Work

This work aims to develop a method for the rapid
detection of horilka counterfeiting.

4. Detection of Falsification by Impedance
Spectroscopy

4.1. Investigation of horilka products by
impedance spectroscopy

One of the electrical methods for detecting food
adulteration is the imitation method (method of
impedance or admittance spectroscopy). Researches of
changes in the reactive and active components of
admittance of the object under study have revealed
classification features that can be used to quickly detect
falsification of certain types of food products. To do this,
it is necessary to compare the reactive components of the
admittance of the object under study and the
corresponding standard (base) samples. A characteristic
feature of the dependence of the reactive component on
the frequency of the test signal is the presence of an
extreme value of the curve at individual frequencies. The
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difference between falsified horilka and basic liquid is
that the extreme values of the reactive component are
manifested at certain frequencies of different ranges.

4.2. Analysis of the obtained results

For researches, the three-electrode primary con-
verter of a coaxial design and the measuring instrument
of parameters of immittance BR 2827 are used. Active
and reactive components of the admittance water-alcohol
solution of different concentrations and horilka of
different brands in the frequency range 100 Hz—

100 kHz were measured. The results of researches [10]
are demonstrated in Fig. 1, 2.
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Fig. 1. Dependence of reactive components of admittances
of alcohol solutions of different concentrations on frequency
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Fig. 2. Dependence of reactive components of admittances
of horilkas of different brands on frequency

According to the results analysis of research
(Fig. 1, 2): the difference in the nature of the reactive
component of horilka is that it contains linear
components (at the beginning of the range and the end)
and a pronounced extreme value corresponding to a
certain frequency. Each brand of horilka has its
frequency at which this value is manifested. Similar
extreme values are observed for alcohol solutions, but
the frequency at which they are much lower than the

frequency for horilkas. For the dilute aqueous-alcohol
solution of different concentrations (water content in
alcohol), the frequency is at the beginning of the range
100-300 Hz (Fig. 1), and for horilka in the range from
3 kHz to 30 kHz (Fig. 2).

5. Ways of detecting falsification of horilka

Based on the analysis of the obtained research
results (Fig. 1, 2), an illustration of the implementation
of methods of horilka falsification is presented.

Way 1. An illustration of the method of detecting
counterfeit horilka with an aqueous-alcoholic solution is
shown in Fig. 3, where the dependence of the reactive
component of the admittance of the aqueous-alcoholic
solution is curve C, and the original horilka is the curve
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Fig. 3. lllustration of the way 1
for detecting counterfeit horilka

The frequencies fj, and fyp, at which curves C and
D have their extreme values, differ significantly (Fig. 3).
For curve C, the reactive component in the frequency
range fo4—fop 1s increasing with rising frequency, and for
curve D — decreases. In the specified frequency range,
you must select the frequencies at which the value of
curve C increases and curve D moves down. This can be
considered an identifying feature of the detection of
counterfeit horilka by replacing it with dilute alcohol.

To identify such an aqueous-alcohol solution
(adulterated horilka), it is sufficient to measure the
reactive component Im(Y) of the object’s understudy
admittance at two fixed frequencies f; and fy3 f; and f,
(Fig. 3). According to the results of studies of water-
alcohol solution of different concentrations, the
frequency f; should be higher than 300 Hz (Fig. 1).

If the obtained value of the component at
frequency f; is less than the value at frequency
f(Bfi<Bf,), the horilka is falsified. If the measured
value of the component at f; is greater than the value at
L([Blfi<[B'lf>) the controlled object is the original
horilka.

Way 2. The other way of falsification of horilka
due to its inconsistency with the brand indicated on the
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label is demonstrated in Fig. 4. Curves M1, M2, M3 are
the reactive components of different brands of horilka.
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Fig. 4. lllustration of the way 2
for detecting falsification of horilka

These brands of horilka correspond to fo1, fo2, fo3
at which the reactive components acquire extreme
values. To detect falsification of horilka due to non-
compliance with the brand indicated on the label, it is
necessary to check the reactive components at
frequencies fo; and f; for brand M1, fi, and f; for M2, fi3
and f; for M3 (Fig. 4) The values of components to By,
By, Bos and By, By, By obtained at these frequencies
must be compared. Under conditions By < By, B < Ba,
B3 < Bj horilkas correspond to the marks specified on
labels, and under conditions By, > By, By > B>, Bos > Bs
horilkas are falsified by brand substitution.

6. Conclusions

Methods for detecting counterfeit horilka by
admittance spectroscopy are proposed. To detect
falsification of horilka with an alcohol solution, it is
necessary to measure the reactive components at two
frequencies in the range 100-300 Hz, and by replacing
the brand — 3-30 kHz. The obtained results must be
compared in absolute terms.
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