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Abstract
The classical and standardized methodology for measuring acidity levels requires mandatory 

calibration of the measuring instrument using reference solutions with acidity values of pH 4 
and pH 7 prior to any measurement. Accordingly, the proposed experimental measurement 
system also necessitates calibration mechanisms before performing control measurements, 
which significantly increases the overall measurement time.

During the study, various types and designs of sensors (solenoids) were tested, including 
a planar sensor configuration used at the final stage of the experiments. A comprehensive global 
patent search confirmed that this type of sensor, its application for acidity measurement and 
monitoring, as well as its structural implementation, were employed for the first time. The term 
biosensor traditionally refers to a device in which biological materials – such as enzymes, tissues, 
bacteria, yeasts, antigens/antibodies, liposomes, organelles, receptors, DNA, and viruses (includ-
ing coronaviruses)—directly respond to signals generated by the proposed sensor, producing 
a resonant output functionally linked to the presence and concentration of the target component.
Keywords: Electromagnetic resonance spectroscopy; electromagnetic resonance 
measurement; measurement of electromagnetic resonance in biological tissues; influence of 
membrane presence on the electromagnetic properties of a planar inductive coil

Potential Application Areas of 
Electromagnetic Spectroscopy in 

Multifunctional Sensor Technology in 
Medicine and Biology Measurement 

of the concentration and composition 
of components in liquids

This category includes mixtures such as 
solutions and dispersed systems: emulsions, 
suspensions, and biological fluids (blood, 

milk, lymph, urine, etc.). Owing to the high 
sensitivity of the proposed sensor design vari-
ants, the technology can be widely applied in:

•	 the pharmaceutical industry within 
technological processes for the pro-
duction of medicinal products;

•	 laboratory and point-of-care analysis 
of biological fluids such as blood, milk, 
urine, etc.;
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•	 medical, technical, and food microbi-
ology for monitoring the concentration 
of microorganisms and the presence of 
viruses, including coronaviruses.

Measurement of the electromagnetic 
impedance of biological tissues

At present, impedance measurement of bi-
ological tissues at various alternating-current 
frequencies is widely used in diagnostics as 
well as in biological and medical research.

For example, a significant increase in tis-
sue impedance at low frequencies allows de-
tection of inflammation at its earliest stages. 
Certain thyroid disorders are diagnosed by 
changes in the phase shift angle between cur-
rent and voltage.

Electromagnetic resonance mammogra-
phy is an effective method for early detec-
tion of breast cancer. Measurement of skin 
impedance assists in diagnosing dermato-
logical conditions, for example, in identify-
ing non-pigmented malignant melanoma, as 
well as locating areas of skin contamination 
with coronaviruses.

Endoscopic impedance measurements 
may be used to detect pathologies of internal 
organs. This also includes non-invasive blood 
analysis – for example, to determine elevated 
glucose levels- and assessment of lymphatic 
fluid condition.

In all the above application areas of res-
onance measurements, electromagnetic 
spectroscopy technology can make a signifi-
cant contribution by substantially increasing 
measurement sensitivity.

In addition, the use of the proposed sen-
sors may enable detection of coronavirus 
presence in the human throat at early stages 
of infection.

Application of electromagnetic 
spectroscopy methods and 
technologies in biosensors

The term “biosensor” typically refers to 
a  device in which biological materials (en-
zymes, tissues, bacteria, yeasts, antigens/
antibodies, liposomes, organelles, receptors, 
DNA, viruses – including coronaviruses) 
directly respond to the signal from the pro-
posed sensor and generate a resonant signal 
functionally associated with the presence 
and concentration of the target component.

In this case, the proposed device imple-
ments a  fundamentally new method of ob-
taining information about the chemical com-
position of a solution.

The presence of biological material with 
unique properties in the solution enables 
highly selective identification of required 
compounds in a complex mixture without the 
need for additional operations involving oth-
er reagents, concentration procedures, etc. 
(hence the term “methods of analysis without 
the use of chemical and biological reagents”).

Influence of a membrane on 
the electromagnetic properties 

of a planar inductive coil
To evaluate the influence of the mem-

brane on the ability of a planar inductive coil 
to generate a  probing electromagnetic field, 
a  dedicated software tool was used, devel-
oped on the basis of artificial intelligence 
and artificial neural networks. This program 
is capable of calculating and visualizing the 
electromagnetic field emitted by various in-
ductive coils when electric current flows 
through their turns.

Three scenarios were simulated:
•	 absence of a membrane, Gap = 0;
•	 presence of a membrane, Gap = 1 mm;
•	 presence of a membrane and an addi-

tional gap between the membrane and 
the coil, Gap = 1.5 mm.

The simulations were performed for 
a planar single-layer coil with a diameter of 
16.24 mm and 29 turns of wire, correspond-
ing to the planar inductive coil currently used 
for evaluating the possibility of pH measure-
ment in liquids.

The images presented above clearly illus-
trate the attenuation of the probing electro-
magnetic field as the distance from the in-
ductive coil increases. The key characteristic 
of this field – Max (relative maximum induc-
tion)—decreases from 8.70 (Gap = 0 mm) to 
2.95 (Gap = 1.5 mm).

In the classical and standardized meth-
odology for measuring acidity levels, prior 
to the direct measurement of the acidity of 
the test sample, calibration of the measuring 
instrument is mandatory. This calibration is 
performed using standard buffer solutions 
with acidity levels of pH 4 and pH 7.
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Figure 1.

In accordance with this standard meth-
odology, the proposed experimental mea-
surement system also requires calibration 
mechanisms prior to performing control 
acidity measurements. This significantly in-
creases the total time required to carry out 
the measurement process.

For testing and comparative analysis of 
measurement results, two basic types of liq-
uids were used: distilled water and regular 
tap water. To adjust the acidity levels of the 
test samples, concentrated hydrochloric acid 
prepared specifically by a chemical laborato-
ry was added.

Various types and designs of sensors (so-
lenoids) were used during the experiments, 
including a  planar sensor (solenoid), which 
was employed at the final stage of testing.

Based on the results of an extensive glob-
al patent search, this type of sensor, its appli-
cation for such measurements and monitor-
ing, as well as its structural implementation, 
were used for the first time.

Below is the electrical connection dia-
gram for the planar sensor integrated with 
the instruments of the test equipment set.

During preparation of this publication, 
the author conducted a patent search cover-
ing a period of 50 years, using as a reference 
point the systems operating online in real 
time for contactless monitoring of parame-
ters of industrial processes interacting with 
the technology and equipment complex for 
electromagnetic resonance spectroscopy.

Search results:
The well-known inventor Aliaksandr 

Vitun, author of comprehensive integrative 
inventions developed according to the scheme 
“device – system (consisting of a control and 
supervisory super-system with functionally 
embedded subsystems) – software – asso-
ciated method”, created three advanced in-
terconnected integrative technical solutions. 
Using active artificial intelligence components 
and artificial neural networks, these solutions 
have the potential to complete the full mea-
surement cycle in strict accordance with me-
trological standards in just 10 milliseconds.

This is a  unique performance indicator 
and may be considered one of Aliaksandr 
Vitun’s significant achievements.
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According to metrology experts, the 
comprehensive methodology invented by 
Alexander Vitun can not only ensure excep-
tional measurement speed but will also reli-
ably introduce into technical and technolog-
ical measurement processes the operational 
parameters required for the more active use 
of artificial intelligence and artificial neural 
networks in industrial workflows.

Furthermore, his (Aliaksandr Vitun’s) 
creative multifunctional design develop-
ments and original inventions in real-time 

monitoring and control systems, based on 
the principles of electromagnetic resonance 
spectroscopy, make it possible to incorpo-
rate into classical innovative technologies 
elements of quantum superiority, quan-
tum neural networks, advanced quantum 
neural architectures exhibiting the proper-
ties of ultra-precise neural networks with 
enhanced sensitivity of machine-learning 
algorithms and new types of artificial syn-
apses for transmitting information between 
neurons.

Figure 2.

The following diagram presents the mea-
surement results of the resonance levels in 
samples of distilled water and regular tap 
water obtained using the planar sensor.

All versions of the tests and measure-
ments demonstrated that the planar sensor 
has the highest potential for further use, in-
cluding in the final product – a  capsule for 
autonomous monitoring of gastric acidity in 
a cow.

Moreover, the planar sensor provides the 
best conditions for all adjacent components 
of the capsule. This is largely due to the fact 
that, while offering higher sensitivity and 

measurement accuracy, the sensor has sig-
nificantly smaller overall dimensions.

Therefore, the goal and objectives of this 
stage of the project are defined as a compar-
ative preliminary verification of all acidity-
measurement results using synthetic gastric 
juice with detailed analytical evaluation of 
the following parameters:

•	 sensitivity of the test system to chang-
es in the electrical conductivity of gas-
tric juice samples;

•	 sensitivity of the test system to chang-
es in the temperature of gastric juice 
samples;
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Figure 3.

•	 sensitivity of the test system to chang-
es in the chemical composition of gas-
tric juice samples;

•	 sensitivity of the test system to chang-
es in the acidity of gastric juice sam-
ples when additional hydrochloric 
acid is introduced into their chemical 
composition;

•	 sensitivity of the test system to the 
introduction of organic particles into 
gastric juice samples;

•	 repeatability of measurement results 
across all test variants;

•	 comparison of measurement results 
for each case with calibration of the 
control instrument and with subse-
quent measurements obtained from 
this control instrument, which simul-
taneously monitors:
○ the acidity level of the sample,
○ electrical conductivity of the sam-

ple,
○ temperature of the sample,
○ presence and calorimetric content 

of the sample;
•	 determination of maximum and min-

imum permissible deviations when 
measuring the parameters of gastric 
juice;

•	 determination of permissible maxi-
mum and minimum limits of acidity 
deviation when measuring the acidity 
of gastric juice.

This stage, by its nature, may be executed 
in at least two versions:

First version:
Carrying out all required measurements 

using the planar-solenoid sensor on gastric 
juice samples with different fillers and im-
purities, in accordance with the table of 22 
variants that form the structure of the final 
report (this version is implemented if no ad-
ditional funding is provided).

Second version:
Carrying out all required measurements us-

ing the planar-solenoid sensor on gastric juice 
samples for the purpose of calibrating mea-
surement indicators and entering these results 
into the measurement program and model ac-
cording to points 3 and 4 (this version is imple-
mented if additional funding is obtained).

Given the superiority of the planar sen-
sor (solenoid) over all other tested variants, 
a design proposal was made for two types of 
planar sensors:

–	 as a single-layer printed circuit board, 
and
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–	 as a  multilayer printed circuit board 
(with fully identical external dimensions, 
overall size, and the same number of con-
nection points to the other instruments 
of the testing module).

The project developer proposed to create 
these PCB variants using a  specialized com-
puter program developed within the company.

According to the conditions set by the 
PCB manufacturer, the board contour must 
be square, and before final assembly, the 
contour may be transformed into a  circular 
shape – or a rectangular pocket must be cre-
ated in the body of the testing module.

This stage includes an extended cycle of 
all required calibration measurements and 
all necessary control measurements using at 
least two variants of the planar-solenoid sen-
sor: a two-layer working design and a three-
layer working design, tested on gastric juice 
samples with different chemical composi-
tions and with various added particles of or-
ganic cow feed, for the purpose of calibrating 
measurement indicators and entering these 
results into the measurement program and 
model according to points 3 and 4.

One of the innovative objectives of the 
stage is to provide program-level functionality 
enabling the use of artificial intelligence and 
artificial neural networks during the process-
ing and evaluation of sensor-based measure-
ment data.

Products manufactured by leading compa-
nies specializing in artificial intelligence tech-
nologies are already functioning successfully: 
their inference processors, produced as inter-
face cards, are capable of transmitting approx-
imately one and a  half thousand statements 
per second when solving linguistic tasks, with 
nearly zero probability of information loss. 
These companies have recently introduced an 
even more advanced processor.

Such technologies are in high demand – 
many individuals and organizations worldwide 
are attempting to teach computers to solve 
tasks not easily formalized by conventional 
methods, meaning tasks that are accessible to 
humans yet practically impossible to reduce to 
algorithms. Creating and training neural net-
works capable of collecting and processing nu-
merous features – on the basis of which a com-
puter can make decisions about the outcome of 

such non-formalizable tasks – requires sophis-
ticated machine-level solutions.

Therefore, the development of such net-
works, which in some ways imitate the func-
tioning of the human brain, became possible 
only with the advent of powerful graphics 
processors, although the underlying ideas 
date back to the cybernetics theories of the 
1970 s. According to their developers, pro-
cessors produced by the Israeli company sur-
pass graphics processors in power, efficiency, 
and suitability for neural-network training.

Repeated Sensitivity 
Analysis Parameters

(The following repeated list is translated 
consistently and preserved exactly as in the 
original.)

•	 sensitivity of the test system to chang-
es in the temperature of gastric juice 
samples;

•	 sensitivity of the test system to chang-
es in the chemical composition of gas-
tric juice samples;

•	 sensitivity of the test system to chang-
es in the acidity of gastric juice sam-
ples when additional hydrochloric 
acid is introduced;

•	 sensitivity of the test system to the 
introduction of organic particles into 
gastric juice samples;

•	 repeatability of measurement results 
across all test variants;

•	 comparison of measurement results for 
each case with calibration of the con-
trol instrument and with subsequent 
measurements obtained from the in-
strument monitoring simultaneously:

•	 acidity level of the sample,
•	 electrical conductivity of the sample,
•	 temperature of the sample,
•	 presence and calorimetric content of 

the sample;
•	 determination of maximum and min-

imum permissible deviations when 
measuring gastric juice parameters;

•	 determination of maximum and min-
imum permissible deviations of acidi-
ty when measuring the acidity of gas-
tric juice.
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Use of Resonance Sensor Technology 
(RIST) in Investigating the 

Causes of Industrial Accidents
There is no need to prove the necessity of 

rapid on-site analysis of industrial accident 
causes. Such express-analysis can be con-
ducted using a  RIST sensor or a  system of 
such sensors.

These sensors may be applied, for exam-
ple, to investigate fractured structures for 
signs of material fatigue or violations of man-
ufacturing technology or composition.

To enable such express-analysis, certain 
organizational measures must be undertak-
en – specifically, establishing a bank of “elec-
tronic signatures” (resonance responses of 
standard reference materials when measured 
using a RIST sensor or sensor system at a set 
of operating frequencies).

Once such a database is available, express-
analysis consists of measuring the damaged 
material using a RIST sensor or sensor sys-
tem and comparing the results with data 
from the electronic-signature database.

Naturally, before measurement, the sur-
face of the investigated material must be 
smoothed or cleaned to ensure identical 
measurement conditions to those used for 
reference samples.

Of course, the availability of such express-
analysis does not eliminate the need for fur-
ther detailed laboratory investigations.

The express-analysis technology de-
scribed above – applicable to both electri-
cally conductive and non-conductive mate-
rials – can currently be implemented only 
using Resonance Sensor Technology (RIST).

Existing methods of non-destructive test-
ing based on probing the material with an al-
ternating electromagnetic field are limited in 
application.

These methods include:
Non-destructive testing based on ana-

lyzing the interaction of the electromagnetic 
field of the transducer with the electromag-
netic field of eddy currents induced in the 
test object.

The method is used to inspect objects 
made of electrically conductive materials.

Eddy currents are induced in the object 
by a  transducer in the form of an inductive 
coil supplied with alternating or pulsed cur-
rent.

The receiving transducer (detector) may 
be the same or another coil. The transmitting 
and receiving coils can be placed on the same 
side or on opposite sides of the test object.

The intensity and distribution of eddy 
currents in the object depend on its dimen-
sions, electrical and magnetic properties of 
the material, the presence of discontinuities 
or structural defects, the relative position-
ing of the transducer and the test object, and 
many other parameters.
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